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Weakly Interacting Massive Particle (WIMP)
Preferred candidate so far was

• Weak scale mass: O(1 ~ 100) × proton mass

• Weak interaction with the SM particles: 
  about < 10-12 (in cross section) smaller than EM

Byproduct of many BSM theories 
for resolving the hierarchy problem
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WIMP strongly constrained!

DA
WIMP (old)

LHC

Neutrino 
floor
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Dark World beyond WIMP
WIMP may be a theoretical bias.
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• Models with fast moving light DM are being focused recently. 
     (including the light DM reflected by some energetic objects or emitted) 

• Boosted Dark Matter (BDM) where the light DM is produced at the present 
universe by the unique dark sector structure is in the frontline.
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Agashe, Cui, Necib, Thaler,1405.7370
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SM

SM

U(1)/Z2
Most of  
the relic

Y0

Freeze out first

�0

�0

�1

�1

𝜒0: heavy, 𝜒1: light

Belanger, Park, 1112.4491

Assisted freeze-out mechanism

Freeze out later

Y1

non-relativistic relic 𝜒1 (negligible) 
Y0 � Y1

Multi-component Boosted DM (BDM)

U(1)’/Z’2

Agashe, Cui, Necib, Thaler,1405.7370



Multi-component BDM

𝜒0𝜒0 → 𝜒1 𝜒1
• 𝜒0 : accumulated              

       (GC,   Sun,   dSphs) 

• 𝜒0𝜒0 → 𝜒1 𝜒1 (current universe) relativistic

※ relic 𝜒1 is non-relativistic
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(indirect detection of 𝜒0)

• 𝜒0 : accumulated              
       (GC,   Sun,   dSphs) 

• 𝜒0𝜒0 → 𝜒1 𝜒1 (current universe) relativistic

※ relic 𝜒1 is non-relativistic

Flux of 𝜒1 ' 1.6⇥ 10�8 cm�2s�1 ⇥
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Assume: NFW

Fixed ~ 1 if s-channel annihilation dominates

10,000 times smaller than the flux of atmospheric 𝝂 if m0 ~ 100 GeV 
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Huge detector if m𝜒0 ≳ O(10 GeV)

Large volume 𝜈 experiments

�1 �1

Subtraction of  
major background (𝜈) 

• Directional information:             
       e.g., GC,   Sun,   dSphs 

• Signal with unique feature

Open up novel possibilities of BDM search in many experiments

Flux: small & Energy of 𝜒1: large

Important for all cosmogenic  
BSM signals



Inelastic BDM (iBDM)

heavier dark 
sector state

secondary 
signature

Giudice, Kim, Park, SS, PLB 780, 543 (2018)

Kim, Park, SS, PRL 119, 161801 (2017)

𝜒0: heavy DM

𝜒2: excited state

𝜒1: light BDM
(eBDM)

(iBDM)



Signals inside a fiducial volume
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�2
<latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit>

p e

• DIS

• (quasi-elastic)  
p-scattering

• (quasi-elastic) 
e-scattering

Primary 
signature

Fiducial volume
iBDM

𝜒1: light BDM, 𝜒2: excited state

𝜒0𝜒0 → 

𝜒1 𝜒1



Signals inside a fiducial volume

�1
<latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit>

�2
<latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit>

�1
<latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit>

p e

• DIS

• (quasi-elastic)  
p-scattering

• (quasi-elastic) 
e-scattering

Primary 
signature

Fiducial volume
iBDM

𝜒1: light BDM, 𝜒2: excited state

𝜒0𝜒0 → 

𝜒1 𝜒1



prompt or 
displaced

Signals inside a fiducial volume

�1
<latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit>

�2
<latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit>

�1
<latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit>
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<latexit sha1_base64="RimQzXSlDA6zkj6oFTVfC33olXY=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZFsN4KXjxWcG2hXUs2zbahSXZJskJZ+hu8eFDx6h/y5r8xbfegrQ8GHu/NMDMvSgU31vO+0crq2vrGZmmrvL2zu7dfOTh8MEmmKQtoIhLdjohhgisWWG4Fa6eaERkJ1opGN1O/9cS04Ym6t+OUhZIMFI85JdZJQVdmj+e9StWreTPgZeIXpAoFmr3KV7ef0EwyZakgxnR8L7VhTrTlVLBJuZsZlhI6IgPWcVQRyUyYz46d4FOn9HGcaFfK4pn6eyIn0pixjFynJHZoFr2p+J/XyWxcD3Ou0swyReeL4kxgm+Dp57jPNaNWjB0hVHN3K6ZDogm1Lp+yC8FffHmZBBe165p/d1lt1Is0SnAMJ3AGPlxBA26hCQFQ4PAMr/CGFHpB7+hj3rqCipkj+AP0+QPmxY4/</latexit><latexit sha1_base64="RimQzXSlDA6zkj6oFTVfC33olXY=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZFsN4KXjxWcG2hXUs2zbahSXZJskJZ+hu8eFDx6h/y5r8xbfegrQ8GHu/NMDMvSgU31vO+0crq2vrGZmmrvL2zu7dfOTh8MEmmKQtoIhLdjohhgisWWG4Fa6eaERkJ1opGN1O/9cS04Ym6t+OUhZIMFI85JdZJQVdmj+e9StWreTPgZeIXpAoFmr3KV7ef0EwyZakgxnR8L7VhTrTlVLBJuZsZlhI6IgPWcVQRyUyYz46d4FOn9HGcaFfK4pn6eyIn0pixjFynJHZoFr2p+J/XyWxcD3Ou0swyReeL4kxgm+Dp57jPNaNWjB0hVHN3K6ZDogm1Lp+yC8FffHmZBBe165p/d1lt1Is0SnAMJ3AGPlxBA26hCQFQ4PAMr/CGFHpB7+hj3rqCipkj+AP0+QPmxY4/</latexit><latexit sha1_base64="RimQzXSlDA6zkj6oFTVfC33olXY=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZFsN4KXjxWcG2hXUs2zbahSXZJskJZ+hu8eFDx6h/y5r8xbfegrQ8GHu/NMDMvSgU31vO+0crq2vrGZmmrvL2zu7dfOTh8MEmmKQtoIhLdjohhgisWWG4Fa6eaERkJ1opGN1O/9cS04Ym6t+OUhZIMFI85JdZJQVdmj+e9StWreTPgZeIXpAoFmr3KV7ef0EwyZakgxnR8L7VhTrTlVLBJuZsZlhI6IgPWcVQRyUyYz46d4FOn9HGcaFfK4pn6eyIn0pixjFynJHZoFr2p+J/XyWxcD3Ou0swyReeL4kxgm+Dp57jPNaNWjB0hVHN3K6ZDogm1Lp+yC8FffHmZBBe165p/d1lt1Is0SnAMJ3AGPlxBA26hCQFQ4PAMr/CGFHpB7+hj3rqCipkj+AP0+QPmxY4/</latexit><latexit sha1_base64="RimQzXSlDA6zkj6oFTVfC33olXY=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZFsN4KXjxWcG2hXUs2zbahSXZJskJZ+hu8eFDx6h/y5r8xbfegrQ8GHu/NMDMvSgU31vO+0crq2vrGZmmrvL2zu7dfOTh8MEmmKQtoIhLdjohhgisWWG4Fa6eaERkJ1opGN1O/9cS04Ym6t+OUhZIMFI85JdZJQVdmj+e9StWreTPgZeIXpAoFmr3KV7ef0EwyZakgxnR8L7VhTrTlVLBJuZsZlhI6IgPWcVQRyUyYz46d4FOn9HGcaFfK4pn6eyIn0pixjFynJHZoFr2p+J/XyWxcD3Ou0swyReeL4kxgm+Dp57jPNaNWjB0hVHN3K6ZDogm1Lp+yC8FffHmZBBe165p/d1lt1Is0SnAMJ3AGPlxBA26hCQFQ4PAMr/CGFHpB7+hj3rqCipkj+AP0+QPmxY4/</latexit>

µ+
<latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit><latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit><latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit><latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit>

⇡, · · ·
<latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit><latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit><latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit><latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit>

�
<latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit><latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit><latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit><latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit>

iBDM

𝜒1: light BDM, 𝜒2: excited state

𝜒0𝜒0 → 

𝜒1 𝜒1



prompt or 
displaced

Signals inside a fiducial volume

�1
<latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit>

�2
<latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit><latexit sha1_base64="gsiNCd9UXfBvoOwuvCCtuxgkAJ8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK+HErePFYwbSFNpTNdtOu3eyG3Y1QQv+DFw8qXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtftkzAaNQbXm1t0caJV4BalBgdag+tUfSpLGVBjCsdY9z01MkGFlGOF0VumnmiaYTPCI9iwVOKY6yPJrZ+jMKkMUSWVLGJSrvycyHGs9jUPbGWMz1sveXPzP66Umug4yJpLUUEEWi6KUIyPR/HU0ZIoSw6eWYKKYvRWRMVaYGBtQxYbgLb+8SvxG/abu3V/UmpdFGmU4gVM4Bw+uoAl30AIfCDzCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZHvjp8=</latexit>

�1
<latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit>

p e

• DIS

• (quasi-elastic)  
p-scattering

• (quasi-elastic) 
e-scattering

Primary 
signature

Fiducial volume

Secondary 
signature

e-

e+
µ�

<latexit sha1_base64="RimQzXSlDA6zkj6oFTVfC33olXY=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZFsN4KXjxWcG2hXUs2zbahSXZJskJZ+hu8eFDx6h/y5r8xbfegrQ8GHu/NMDMvSgU31vO+0crq2vrGZmmrvL2zu7dfOTh8MEmmKQtoIhLdjohhgisWWG4Fa6eaERkJ1opGN1O/9cS04Ym6t+OUhZIMFI85JdZJQVdmj+e9StWreTPgZeIXpAoFmr3KV7ef0EwyZakgxnR8L7VhTrTlVLBJuZsZlhI6IgPWcVQRyUyYz46d4FOn9HGcaFfK4pn6eyIn0pixjFynJHZoFr2p+J/XyWxcD3Ou0swyReeL4kxgm+Dp57jPNaNWjB0hVHN3K6ZDogm1Lp+yC8FffHmZBBe165p/d1lt1Is0SnAMJ3AGPlxBA26hCQFQ4PAMr/CGFHpB7+hj3rqCipkj+AP0+QPmxY4/</latexit><latexit sha1_base64="RimQzXSlDA6zkj6oFTVfC33olXY=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZFsN4KXjxWcG2hXUs2zbahSXZJskJZ+hu8eFDx6h/y5r8xbfegrQ8GHu/NMDMvSgU31vO+0crq2vrGZmmrvL2zu7dfOTh8MEmmKQtoIhLdjohhgisWWG4Fa6eaERkJ1opGN1O/9cS04Ym6t+OUhZIMFI85JdZJQVdmj+e9StWreTPgZeIXpAoFmr3KV7ef0EwyZakgxnR8L7VhTrTlVLBJuZsZlhI6IgPWcVQRyUyYz46d4FOn9HGcaFfK4pn6eyIn0pixjFynJHZoFr2p+J/XyWxcD3Ou0swyReeL4kxgm+Dp57jPNaNWjB0hVHN3K6ZDogm1Lp+yC8FffHmZBBe165p/d1lt1Is0SnAMJ3AGPlxBA26hCQFQ4PAMr/CGFHpB7+hj3rqCipkj+AP0+QPmxY4/</latexit><latexit sha1_base64="RimQzXSlDA6zkj6oFTVfC33olXY=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZFsN4KXjxWcG2hXUs2zbahSXZJskJZ+hu8eFDx6h/y5r8xbfegrQ8GHu/NMDMvSgU31vO+0crq2vrGZmmrvL2zu7dfOTh8MEmmKQtoIhLdjohhgisWWG4Fa6eaERkJ1opGN1O/9cS04Ym6t+OUhZIMFI85JdZJQVdmj+e9StWreTPgZeIXpAoFmr3KV7ef0EwyZakgxnR8L7VhTrTlVLBJuZsZlhI6IgPWcVQRyUyYz46d4FOn9HGcaFfK4pn6eyIn0pixjFynJHZoFr2p+J/XyWxcD3Ou0swyReeL4kxgm+Dp57jPNaNWjB0hVHN3K6ZDogm1Lp+yC8FffHmZBBe165p/d1lt1Is0SnAMJ3AGPlxBA26hCQFQ4PAMr/CGFHpB7+hj3rqCipkj+AP0+QPmxY4/</latexit><latexit sha1_base64="RimQzXSlDA6zkj6oFTVfC33olXY=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZFsN4KXjxWcG2hXUs2zbahSXZJskJZ+hu8eFDx6h/y5r8xbfegrQ8GHu/NMDMvSgU31vO+0crq2vrGZmmrvL2zu7dfOTh8MEmmKQtoIhLdjohhgisWWG4Fa6eaERkJ1opGN1O/9cS04Ym6t+OUhZIMFI85JdZJQVdmj+e9StWreTPgZeIXpAoFmr3KV7ef0EwyZakgxnR8L7VhTrTlVLBJuZsZlhI6IgPWcVQRyUyYz46d4FOn9HGcaFfK4pn6eyIn0pixjFynJHZoFr2p+J/XyWxcD3Ou0swyReeL4kxgm+Dp57jPNaNWjB0hVHN3K6ZDogm1Lp+yC8FffHmZBBe165p/d1lt1Is0SnAMJ3AGPlxBA26hCQFQ4PAMr/CGFHpB7+hj3rqCipkj+AP0+QPmxY4/</latexit>

µ+
<latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit><latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit><latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit><latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit>

⇡, · · ·
<latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit><latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit><latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit><latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit>

�
<latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit><latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit><latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit><latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit>

iBDM

𝜒1: light BDM, 𝜒2: excited state

𝜒0𝜒0 → 

𝜒1 𝜒1 • Tracks pop-up inside 
fiducial volume  
(reject the tracks  
extending outside 
the fiducial volume)

• Two signatures can be  
separated beyond the  
position and angular  
resolutions. 
(1cm for all and 
1° for e, 5° for p) 

• dE/dx for the merged 
e-recoil signal events 

De Roeck, Kim, Moghaddam, Park, SS,  
Whitehead, 2005.08979

Zero - O(10) bkg. (conservative)



New method in eBDM search: darkstrahlung

p

�1
<latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit>

• DIS

• (quasi-elastic)  
p-scattering

e

• (quasi-elastic) 
e-scattering

Primary 
signature

Fiducial volume

�1
<latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit>

NOT like 𝜈

eBDM: elastically  
scattering BDM 

dark gauge boson scenario

X

e�
<latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit>

e+
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Secondary 
signature

• Different from 
DM → 𝜈 𝜈

• NLO but O(10-20%)  
of LO possible 

(impossible for beam 
produced DM)

Kim, Park, SS, PRD2019, arXiv:1903.05087

• Efficient for large NBG 
(cosmogenic BSM signal)

𝜒1: light BDM

𝜒0𝜒0 → 

𝜒1 𝜒1



Experimental Sensitivities

De Roeck, Kim, Moghaddam, Park, SS, Whitehead,2005.08979

DUNE



Target experiments
Flux of 𝜒1 ' 1.6⇥ 10�8 cm�2s�1 ⇥
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Assume: NFW

• m𝜒0 ≳ O(10 GeV): Large volume 𝜈-experiments: 

    DUNE (TDR 2002.03005), SK (1711.05278, PRL 2018), HK/KNO, IceCube, .. 

• m𝜒0 ≲ O(1 GeV): 1. Moderate volume 𝜈-experiments: 

                                ProtoDUNE   

                                  SBNP  
                             
                            2. Ton-scale DM direct detection experiments:

Chatterjee, De Roeck, Kim, Moghaddam, Park, SS,  
Whitehead, Yu, 1803.03264, PRD 98, 075027 (2018)

Kim, Kong, Park, SS, 1804.07302, JHEP 1808, 155 (2018)

Giudice, Kim, Park, SS, PLB 780, 543 (2018)
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Assume: NFW

• m𝜒0 ≳ O(10 GeV): Large volume 𝜈-experiments: 

    DUNE (TDR 2002.03005), SK (1711.05278, PRL 2018), HK/KNO, IceCube, .. 

• m𝜒0 ≲ O(1 GeV): 1. Moderate volume 𝜈-experiments: 

                                ProtoDUNE   

                                  SBNP  
                             
                            2. Ton-scale DM direct detection experiments:

Chatterjee, De Roeck, Kim, Moghaddam, Park, SS,  
Whitehead, Yu, 1803.03264, PRD 98, 075027 (2018)

Kim, Kong, Park, SS, 1804.07302, JHEP 1808, 155 (2018)

Giudice, Kim, Park, SS, PLB 780, 543 (2018)

First proposal of high e-recoil 
in DM direct detection exp. 
such as XENON1T



Search for BDM

Kim, Machado, Park, SS, JHEP 2007, 057 (2020)



COSINE-100 result
COSINE-100, PRL 2019

106kg array of 8 ultra-pure NaI(Tl) crystals 
immersed in an active veto detector

2200L of liquid scintillator  
(~ 2 ton)

Based on theoretical study

Observed: 21 events, Background expected: 16.4 ± 2.1

Giudice, Kim, Park, SS, PLB 780, 543 (2018)



XENON detectors
XENON1T, NT, LUX-ZEPLIN, PANDA, …



XENON detectors

XENON1T, 1805.12562

AC: Artificial Coincidence, an artificial background from detector effects

Neutrons include cosmogenic neutrons and radiogenic neutrons from detector materials.



XENON detectors

XENON1T, 1805.12562



XENON1T 2020

XENON1T, 2006.09721

76 ± 2(stat) events exceeding background expectation0.65 ton∙year

• Background? Tritium, Ar37 decays 
(most probable?) 

• Solar axion, neutrino MDM ~3𝜎 ? 

• Dark Matter recoil? 

7 keV



XENON1T 2020

XENON1T, 2006.09721

76 ± 2(stat) events exceeding background expectation0.65 ton∙year

• Background? Tritium, Ar37 decays 
(most probable?) 

• Solar axion, neutrino MDM ~3𝜎 ? 

• Dark Matter recoil? 

- No nuclear recoil signals

- Too high energy e-recoil for WIMP 
or WIMP-like light DM

7 keV
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The electron target is in a bound state with a typical wavelength size of

The typical momentum of the electron is

The deposited energy by slowly moving DM (𝑣 ~ 10-3) is at most 𝒪(eV) ≪ keV.

7 keV
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The electron target is in a bound state with a typical wavelength size of

The typical momentum of the electron is

The deposited energy by slowly moving DM (𝑣 ~ 10-3) is at most 𝒪(eV) ≪ keV.

Fast-moving light DM

7 keV



XENON1T 2020
The first proposal of searching for high energy e-recoil by fast-moving light DM

Giudice, Kim, Park, SS, PLB 780, 543 (2018)

But the reference parameters were different at that time. ER ~ MeV

Probably, the U. Chicago group misunderstood that the model cannot explain 
their preliminary results. :(



XENON1T 2020
The first proposal of searching for high energy e-recoil by fast-moving light DM

Giudice, Kim, Park, SS, PLB 780, 543 (2018)

But the reference parameters were different at that time. ER ~ MeV

Probably, the U. Chicago group misunderstood that the model cannot explain 
their preliminary results. :(

Regardless of the reliability of the excess, further analyses are useful in the 
sense that 

1. XENON-NT can consider our reference models in confirming the excess.

2. we can provide guidelines to future ton-scale experiments, e.g., 
DarkSide, COSINE-200, in searching for fast-moving DM signals.



Favored parameter region
Not so simple task (some authors had to update their original papers)

Life is not easy  
for any of us.

• Large number of events: large cross section with the material of Earth 
                               (deflected and loose energy) 

• A narrow range of 2 keV ≤ ER ≤ 7 keV is preferred.  

• The binding energy of electrons in Xe is not negligible. 
      (for ER ~ keV)

7 keV
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𝜒1 - 𝑒 (fiducial) scattering 
cross section

Total exposure time

Number of effective target electrons  
in the fiducial volume

Alhazmi, Kim, Kong, Mohlabeng, 
Park, SS, arXiv: 2006.16252
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• The maximum ER of electrons scattered by BDM ≥ 2 keV (non-shaded). 
This is model independently given as above. 

• 𝐸1 ≳ 20 keV is preferred (depending on 𝑚1).
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Alhazmi, Kim, Kong, Mohlabeng, 
Park, SS, arXiv: 2006.16252
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• The values of (fiducial) cross section 𝜎1𝑒 giving 𝑁sig = 100 are shown, 
assuming                  (will be discussed in the next slide). 

• To avoid the Earth attenuation, the mean free path ≳ 𝒪(1000 km) is preferred. 
    (at least larger than the depth of XENON1T ~ 1.6 km) 
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Mass of BDM

• The value of                  is from naively considering the 𝑂-shell (outermost, 8) 
and the 𝑁-shell (18, binding energy ≲ 213 eV ~10% of the energy resolution). 

• In practice, we need to consider ionization form factor from all the shells. 
 (Do not significantly change the results but it depends on 𝐸1 and mediators.)

N e↵
e = 26
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Prel
iminary Work in progress with Alhazmi, Kim, Kong, Mohlabeng, Park, SS
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• The velocity of BDM, 𝑣1, can be close to 𝑐 in a wide range of parameter 
space (≫ 0.1𝑐 is also preferred). 

• Shade regions and the black lines are model independent while the orange 
lines are applied for conventional BDM (but readily applicable).

Energy of  
the incoming BDM

Mass of BDM

Alhazmi, Kim, Kong, Mohlabeng, 
Park, SS, arXiv: 2006.16252
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• The scales of mass and coupling parameters preferred by the excess 
depend on the type of the mediators. 

• We analyze the shape of the spectrum for various types of mediators 
(vector:V, pseudoscalar: P, scalar: S) and DM (fermion: F, scalar: S). 

• Three reference parameter regions are chosen.
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Fit to the excess

VF PF

𝜎1𝑒 : Here, nominal cross section

Larger nominal cross section 
due to detector effects

Smaller nominal cross sections 
than VF cases since 𝜎fid ≈ 𝜎nominal

Couplings are larger than VF cases since 
the total cross sections are smaller by 
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Fit to the excess

• ✔: One can find mass spectra to reproduce XENON1T excess and 
satisfy the conditions of the associated regions. 

• ✔: A certain range of mediator mass may not reproduce the XENON1T 
excess. 

• ✘: It is generally hard to find a mass spectrum to explain the excess.
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Further discussions
• Bounds from accelerators, astrophysical and cosmological observations?

Dent et al., PRL 2020

- If the coupling constant and the mass parameter 
have effective dependence upon environmental 
conditions of astrophysical objects such as 
temperature and matter density, the limits can be 
relaxed by several orders of magnitude.

- Some regions can be probed in future accelerators.

• Nuclear scattering can occur when 𝐸1 increases over 𝒪(10 MeV). 
(reference parameters do not induce nuclear scattering due to kinematics)

- Complimentary searches are possible.

Kim, Machado, Park, SS, JHEP 2007, 057 (2020)



Conclusions
• The XENON1T excess can be a smoking gun signal of Dark World beyond 

WIMP: fast moving DM, e.g., Boosted Dark Matter. 

• The dedicated analyses will be helpful in future studies in XENON-NT, 
DarkSide, COSINE-200, … 

• Fitting the excess with BDM is nontrivial (large cross section, mean free path, 
a narrow range of ER, binding energy of the electron). 

• We found a wide range of BDM parameter region that can fit the excess 
including 𝑣 ~ 𝑐 and 𝑚1 < 𝑚𝑒 for various mediator masses. 

• The scales of mass and couplings preferred by the excess relies on the type 
of mediator (further studies for more reference models needed). 

• Our method is general, and hence readily applicable to the interpretation of 
observed data in the DM direct detection experiments.



Energetic dark matter from the Universe

WIMP wind ~ O(100 km/s) ≫ O(100 km/s)

in promising theories beyond WIMP

• Anti-DM from DM-induced nucleon decay in the Sun 

• Solar reflection: light DM scattered with hot solar nuclei or electrons 

• Energetic cosmic-ray induced light DM
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• Boosted Dark Matter: DM boosted by the dark sector structure 
                    (not from scattering with the energetic SM particles)from 2014

Energetic dark matter from the Universe

WIMP wind ~ O(100 km/s) ≫ O(100 km/s)

in promising theories beyond WIMP

• Anti-DM from DM-induced nucleon decay in the Sun 

• Solar reflection: light DM scattered with hot solar nuclei or electrons 

• Energetic cosmic-ray induced light DM
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p

Fiducial volume
e.g., primary: e-scattering, secondary e+ e-
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µ�
<latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit><latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit><latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit><latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit>

⌫µ
<latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit>

⌫̄µ
<latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit>

e+
<latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit>

⌫e
<latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit><latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit><latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit><latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit>

⌫̄µ
<latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit>

⌫̄e
<latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit><latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit><latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit><latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit>

e�
<latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit>

⌫µ
<latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit>

No separation of e+/e-
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resolutions

⇥
<latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit> < 1

De Roeck, Kim, Moghaddam, Park, SS,  
Whitehead, 2005.08979

C.C.

⇡
<latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit><latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit><latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit><latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit>

DUNE

Backup: Background candidate
iBDM

𝜒1: light BDM, 𝜒2: excited state

n



p

Fiducial volume
e.g., primary: e-scattering, secondary e+ e-

e�/e+
<latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit>

⌫e/⌫̄e
<latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit>

⇡+
<latexit sha1_base64="ZmSPIeCsbAYORwTRhiRnLL8G2Ds=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklE/LgVvHisYGyhjWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqHSPJH3ZpRiENO+5BFn1FjJ76T88bRbqbo1dwqySLyCVKFAo1v56vQSlsUoDRNU67bnpibIqTKcCRyXO5nGlLIh7WPbUklj1EE+PXZMjq3SI1GibElDpurviZzGWo/i0HbG1Az0vDcR//PamYmugpzLNDMo2WxRlAliEjL5nPS4QmbEyBLKFLe3EjagijJj8ynbELz5lxeJf1a7rnl359X6RZFGCQ7hCE7Ag0uowy00wAcGHJ7hFd4c6bw4787HrHXJKWYO4A+czx/Ve44y</latexit><latexit sha1_base64="ZmSPIeCsbAYORwTRhiRnLL8G2Ds=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklE/LgVvHisYGyhjWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqHSPJH3ZpRiENO+5BFn1FjJ76T88bRbqbo1dwqySLyCVKFAo1v56vQSlsUoDRNU67bnpibIqTKcCRyXO5nGlLIh7WPbUklj1EE+PXZMjq3SI1GibElDpurviZzGWo/i0HbG1Az0vDcR//PamYmugpzLNDMo2WxRlAliEjL5nPS4QmbEyBLKFLe3EjagijJj8ynbELz5lxeJf1a7rnl359X6RZFGCQ7hCE7Ag0uowy00wAcGHJ7hFd4c6bw4787HrHXJKWYO4A+czx/Ve44y</latexit><latexit sha1_base64="ZmSPIeCsbAYORwTRhiRnLL8G2Ds=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklE/LgVvHisYGyhjWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqHSPJH3ZpRiENO+5BFn1FjJ76T88bRbqbo1dwqySLyCVKFAo1v56vQSlsUoDRNU67bnpibIqTKcCRyXO5nGlLIh7WPbUklj1EE+PXZMjq3SI1GibElDpurviZzGWo/i0HbG1Az0vDcR//PamYmugpzLNDMo2WxRlAliEjL5nPS4QmbEyBLKFLe3EjagijJj8ynbELz5lxeJf1a7rnl359X6RZFGCQ7hCE7Ag0uowy00wAcGHJ7hFd4c6bw4787HrHXJKWYO4A+czx/Ve44y</latexit><latexit sha1_base64="ZmSPIeCsbAYORwTRhiRnLL8G2Ds=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklE/LgVvHisYGyhjWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqHSPJH3ZpRiENO+5BFn1FjJ76T88bRbqbo1dwqySLyCVKFAo1v56vQSlsUoDRNU67bnpibIqTKcCRyXO5nGlLIh7WPbUklj1EE+PXZMjq3SI1GibElDpurviZzGWo/i0HbG1Az0vDcR//PamYmugpzLNDMo2WxRlAliEjL5nPS4QmbEyBLKFLe3EjagijJj8ynbELz5lxeJf1a7rnl359X6RZFGCQ7hCE7Ag0uowy00wAcGHJ7hFd4c6bw4787HrHXJKWYO4A+czx/Ve44y</latexit>

⇡�
<latexit sha1_base64="XjFY7IOOgdiEYIqsRleQZmr5ojc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiftwKXjxWMLbQxrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwZuI3n1Bpnsh7M0oxiGlf8ogzaqzkd1L+eNqtVN2aOwVZJF5BqlCg0a18dXoJy2KUhgmqddtzUxPkVBnOBI7LnUxjStmQ9rFtqaQx6iCfHjsmx1bpkShRtqQhU/X3RE5jrUdxaDtjagZ63puI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRtCN78y4vEP6td17y782r9okijBIdwBCfgwSXU4RYa4AMDDs/wCm+OdF6cd+dj1rrkFDMH8AfO5w/YgY40</latexit><latexit sha1_base64="XjFY7IOOgdiEYIqsRleQZmr5ojc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiftwKXjxWMLbQxrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwZuI3n1Bpnsh7M0oxiGlf8ogzaqzkd1L+eNqtVN2aOwVZJF5BqlCg0a18dXoJy2KUhgmqddtzUxPkVBnOBI7LnUxjStmQ9rFtqaQx6iCfHjsmx1bpkShRtqQhU/X3RE5jrUdxaDtjagZ63puI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRtCN78y4vEP6td17y782r9okijBIdwBCfgwSXU4RYa4AMDDs/wCm+OdF6cd+dj1rrkFDMH8AfO5w/YgY40</latexit><latexit sha1_base64="XjFY7IOOgdiEYIqsRleQZmr5ojc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiftwKXjxWMLbQxrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwZuI3n1Bpnsh7M0oxiGlf8ogzaqzkd1L+eNqtVN2aOwVZJF5BqlCg0a18dXoJy2KUhgmqddtzUxPkVBnOBI7LnUxjStmQ9rFtqaQx6iCfHjsmx1bpkShRtqQhU/X3RE5jrUdxaDtjagZ63puI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRtCN78y4vEP6td17y782r9okijBIdwBCfgwSXU4RYa4AMDDs/wCm+OdF6cd+dj1rrkFDMH8AfO5w/YgY40</latexit><latexit sha1_base64="XjFY7IOOgdiEYIqsRleQZmr5ojc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiftwKXjxWMLbQxrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwZuI3n1Bpnsh7M0oxiGlf8ogzaqzkd1L+eNqtVN2aOwVZJF5BqlCg0a18dXoJy2KUhgmqddtzUxPkVBnOBI7LnUxjStmQ9rFtqaQx6iCfHjsmx1bpkShRtqQhU/X3RE5jrUdxaDtjagZ63puI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRtCN78y4vEP6td17y782r9okijBIdwBCfgwSXU4RYa4AMDDs/wCm+OdF6cd+dj1rrkFDMH8AfO5w/YgY40</latexit>

µ+
<latexit sha1_base64="ZCRBeGeDI8CbpEuq6xitiURNwpc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyK+HErePFYwbWFdi3ZNNuGJtklyQpl6W/w4kHFq3/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RkvLK6tr66WN8ubW9s5uZW//wSSZpiygiUh0KyKGCa5YYLkVrJVqRmQkWDMa3kz85hPThifq3o5SFkrSVzzmlFgnBR2ZPZ52K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPj12jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxVZhzlWaWKTpbFGcC2wRPPsc9rhm1YuQIoZq7WzEdEE2odfmUXQj+/MuLJDirXdf8u/Nq/aJIowSHcAQn4MMl1OEWGhAABQ7P8ApvSKEX9I4+Zq1LqJg5gD9Anz/jJY47</latexit><latexit sha1_base64="ZCRBeGeDI8CbpEuq6xitiURNwpc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyK+HErePFYwbWFdi3ZNNuGJtklyQpl6W/w4kHFq3/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RkvLK6tr66WN8ubW9s5uZW//wSSZpiygiUh0KyKGCa5YYLkVrJVqRmQkWDMa3kz85hPThifq3o5SFkrSVzzmlFgnBR2ZPZ52K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPj12jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxVZhzlWaWKTpbFGcC2wRPPsc9rhm1YuQIoZq7WzEdEE2odfmUXQj+/MuLJDirXdf8u/Nq/aJIowSHcAQn4MMl1OEWGhAABQ7P8ApvSKEX9I4+Zq1LqJg5gD9Anz/jJY47</latexit><latexit sha1_base64="ZCRBeGeDI8CbpEuq6xitiURNwpc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyK+HErePFYwbWFdi3ZNNuGJtklyQpl6W/w4kHFq3/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RkvLK6tr66WN8ubW9s5uZW//wSSZpiygiUh0KyKGCa5YYLkVrJVqRmQkWDMa3kz85hPThifq3o5SFkrSVzzmlFgnBR2ZPZ52K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPj12jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxVZhzlWaWKTpbFGcC2wRPPsc9rhm1YuQIoZq7WzEdEE2odfmUXQj+/MuLJDirXdf8u/Nq/aJIowSHcAQn4MMl1OEWGhAABQ7P8ApvSKEX9I4+Zq1LqJg5gD9Anz/jJY47</latexit><latexit sha1_base64="ZCRBeGeDI8CbpEuq6xitiURNwpc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyK+HErePFYwbWFdi3ZNNuGJtklyQpl6W/w4kHFq3/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RkvLK6tr66WN8ubW9s5uZW//wSSZpiygiUh0KyKGCa5YYLkVrJVqRmQkWDMa3kz85hPThifq3o5SFkrSVzzmlFgnBR2ZPZ52K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPj12jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxVZhzlWaWKTpbFGcC2wRPPsc9rhm1YuQIoZq7WzEdEE2odfmUXQj+/MuLJDirXdf8u/Nq/aJIowSHcAQn4MMl1OEWGhAABQ7P8ApvSKEX9I4+Zq1LqJg5gD9Anz/jJY47</latexit>

µ�
<latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit><latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit><latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit><latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit>

⌫µ
<latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit>

⌫̄µ
<latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit>

e+
<latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit>

⌫e
<latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit><latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit><latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit><latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit>

⌫̄µ
<latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit>

⌫̄e
<latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit><latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit><latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit><latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit>

e�
<latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit>

⌫µ
<latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit>

No separation of e+/e-
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resolutions

⇥
<latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit> < 1

De Roeck, Kim, Moghaddam, Park, SS,  
Whitehead, 2005.08979

C.C.

⇡
<latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit><latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit><latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit><latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit>

DUNE

Backup: Background candidate
iBDM

𝜒1: light BDM, 𝜒2: excited state

n

⇡0

<latexit sha1_base64="THxpJ/D8LFikXA23XiH15qQHCBk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKYL0VvHisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HNzO//cS04Ure20nCgpgMJY84JdZJrV7CHzzcL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2qgUZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJa2Lqn9Zvb67rNRreRxFOIFTOAcfrqAOt9CAJlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnD8urjps=</latexit>

�

<latexit sha1_base64="Cdx9MBmtPpeq36DLbFE74aY7Kzs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKwHgLePEYwTwgWcLsZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ETaUM0lblllOu4mmWEScdqLJ7dzvPFFtmJIPdprQUOCRZDEj2Dqp3R9hIfCgXPGr/gJonQQ5qUCO5qD81R8qkgoqLeHYmF7gJzbMsLaMcDor9VNDE0wmeER7jkosqAmzxbUzdOGUIYqVdiUtWqi/JzIsjJmKyHUKbMdm1ZuL/3m91Mb1MGMySS2VZLkoTjmyCs1fR0OmKbF86ggmmrlbERljjYl1AZVcCMHqy+ukfVUNatWb+1qlUc/jKMIZnMMlBHANDbiDJrSAwCM8wyu8ecp78d69j2VrwctnTuEPvM8fh8mPFw==</latexit>

�

<latexit sha1_base64="Cdx9MBmtPpeq36DLbFE74aY7Kzs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKwHgLePEYwTwgWcLsZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ETaUM0lblllOu4mmWEScdqLJ7dzvPFFtmJIPdprQUOCRZDEj2Dqp3R9hIfCgXPGr/gJonQQ5qUCO5qD81R8qkgoqLeHYmF7gJzbMsLaMcDor9VNDE0wmeER7jkosqAmzxbUzdOGUIYqVdiUtWqi/JzIsjJmKyHUKbMdm1ZuL/3m91Mb1MGMySS2VZLkoTjmyCs1fR0OmKbF86ggmmrlbERljjYl1AZVcCMHqy+ukfVUNatWb+1qlUc/jKMIZnMMlBHANDbiDJrSAwCM8wyu8ecp78d69j2VrwctnTuEPvM8fh8mPFw==</latexit>

missing



p

Fiducial volume
e.g., primary: e-scattering, secondary e+ e-

e�/e+
<latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit>

⌫e/⌫̄e
<latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit>

No separation of e+/e-

1500/yr/40kt

De Roeck, Kim, Moghaddam, Park, SS,  
Whitehead, 2005.08979

C.C. µ
<latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit>

DUNE

Backup: Background candidate
iBDM

𝜒1: light BDM, 𝜒2: excited state

n
missing

Looks like a merged signal?



p

Fiducial volume
e.g., primary: e-scattering, secondary e+ e-

e�/e+
<latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit>

⌫e/⌫̄e
<latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit>

No separation of e+/e-

1500/yr/40kt

De Roeck, Kim, Moghaddam, Park, SS,  
Whitehead, 2005.08979

C.C. µ
<latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit>

DUNE

Backup: Background candidate
iBDM

𝜒1: light BDM, 𝜒2: excited state

n
missing

Looks like a merged signal?

dE/dx comparison 
with a merged signal

⇥
<latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit> ≲ O(10)

Very conservative



p

Fiducial volume
e.g., primary: e-scattering, secondary e+ e-

e�/e+
<latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit>

⌫e/⌫̄e
<latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit>

No separation of e+/e-

1500/yr/40kt

De Roeck, Kim, Moghaddam, Park, SS,  
Whitehead, 2005.08979

C.C. µ
<latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit>

• Other subdominant  
bkg. negligible

• Zero-bkg. is easily 
achievable

N.C. events (smaller)
⌫µ

<latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit>

: accompanying
⌫⌧

<latexit sha1_base64="IgRlYgryJ/x9LVshJ9Bm/4AYDHA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwKXjxWMLbQhLLZbtulm03cnRVK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8OBNco+d9O6WV1bX1jfJmZWt7Z3evun/woFOjKAtoKlLVjolmgksWIEfB2pliJIkFa8Wjm6nfemJK81Te4zhjUUIGkvc5JWildihNN0RiutWaV/dmcJeJX5AaFGh2q19hL6UmYRKpIFp3fC/DKCcKORVsUgmNZhmhIzJgHUslSZiO8tm9E/fEKj23nypbEt2Z+nsiJ4nW4yS2nQnBoV70puJ/Xsdg/yrKucwMMknni/pGuJi60+fdHleMohhbQqji9laXDokiFG1EFRuCv/jyMgnO6td1/+681rgo0ijDERzDKfhwCQ24hSYEQEHAM7zCm/PovDjvzse8teQUM4fwB87nD5lLj9Y=</latexit><latexit sha1_base64="IgRlYgryJ/x9LVshJ9Bm/4AYDHA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwKXjxWMLbQhLLZbtulm03cnRVK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8OBNco+d9O6WV1bX1jfJmZWt7Z3evun/woFOjKAtoKlLVjolmgksWIEfB2pliJIkFa8Wjm6nfemJK81Te4zhjUUIGkvc5JWildihNN0RiutWaV/dmcJeJX5AaFGh2q19hL6UmYRKpIFp3fC/DKCcKORVsUgmNZhmhIzJgHUslSZiO8tm9E/fEKj23nypbEt2Z+nsiJ4nW4yS2nQnBoV70puJ/Xsdg/yrKucwMMknni/pGuJi60+fdHleMohhbQqji9laXDokiFG1EFRuCv/jyMgnO6td1/+681rgo0ijDERzDKfhwCQ24hSYEQEHAM7zCm/PovDjvzse8teQUM4fwB87nD5lLj9Y=</latexit><latexit sha1_base64="IgRlYgryJ/x9LVshJ9Bm/4AYDHA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwKXjxWMLbQhLLZbtulm03cnRVK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8OBNco+d9O6WV1bX1jfJmZWt7Z3evun/woFOjKAtoKlLVjolmgksWIEfB2pliJIkFa8Wjm6nfemJK81Te4zhjUUIGkvc5JWildihNN0RiutWaV/dmcJeJX5AaFGh2q19hL6UmYRKpIFp3fC/DKCcKORVsUgmNZhmhIzJgHUslSZiO8tm9E/fEKj23nypbEt2Z+nsiJ4nW4yS2nQnBoV70puJ/Xsdg/yrKucwMMknni/pGuJi60+fdHleMohhbQqji9laXDokiFG1EFRuCv/jyMgnO6td1/+681rgo0ijDERzDKfhwCQ24hSYEQEHAM7zCm/PovDjvzse8teQUM4fwB87nD5lLj9Y=</latexit><latexit sha1_base64="IgRlYgryJ/x9LVshJ9Bm/4AYDHA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwKXjxWMLbQhLLZbtulm03cnRVK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8OBNco+d9O6WV1bX1jfJmZWt7Z3evun/woFOjKAtoKlLVjolmgksWIEfB2pliJIkFa8Wjm6nfemJK81Te4zhjUUIGkvc5JWildihNN0RiutWaV/dmcJeJX5AaFGh2q19hL6UmYRKpIFp3fC/DKCcKORVsUgmNZhmhIzJgHUslSZiO8tm9E/fEKj23nypbEt2Z+nsiJ4nW4yS2nQnBoV70puJ/Xsdg/yrKucwMMknni/pGuJi60+fdHleMohhbQqji9laXDokiFG1EFRuCv/jyMgnO6td1/+681rgo0ijDERzDKfhwCQ24hSYEQEHAM7zCm/PovDjvzse8teQUM4fwB87nD5lLj9Y=</latexit>

: too small flux

• (quasi-elastic) proton  
scattering: less bkg. 

Comic-ray: flux & PID

DUNE

Backup: Background candidate
iBDM

𝜒1: light BDM, 𝜒2: excited state

n
missing

Looks like a merged signal?

dE/dx comparison 
with a merged signal

⇥
<latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit> ≲ O(10)

Very conservative


