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DIS and VVCS: connection



Interest in electron-scattering 
structure functions

!4

• Tests on quark-hadron duality


• Comparison with CLAS(12) F2 data: 
Existing narrow binning in Q2 and W; 
Experiments at higher Q2 in 12-GeV era 

• Connection with CLAS(12) electrocouplings 
(see talk by V. Mokeev)

A. N. Hiller Blin      APCTP Workshop       2018-07-01    



The interest in T1

!5

• Lamb shift and Cottingham formula


• Determining T1 is intricate: 
unlike T2, subtracted dispersion relation


• Want: parametrization of T1 at all W and Q2
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Data & model status: high energies

Donnachie and Landshoff, PLB 595 (2004) 393
HERA data

!6
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At low Q2: high- and low-energy theories compatible in overlap region
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Data & model status: low energies



For larger Q2: huge gap between high and low-energy models in overlap region
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Low energies: describing the resonant region 

Our tool: finite-energy sum rules 

High-energy model 

Goals: high and low-energy connection



Low energies: describing the resonant region 

Our tool: finite-energy sum rules 

High-energy model 

Goals: high and low-energy connection



Background: status

�T,L(W,Q2) = �R
T,L(W,Q2) + �NR

T,L(W,Q2)
Christy and Bosted, PRC 86 (2010) 055213

Mokeev et al., PRC 86 (2012) 035203
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Background: status

�T,L(W,Q2) = �R
T,L(W,Q2) + �NR

T,L(W,Q2)

The non-resonant background

�NR
T (W,Q2) = x0

T

2X

i=1

�NR,i
T (0)

(Q2 + aTi )
[bTi +cTi Q2+dT

i Q4]
(W �m⇡ �MN )i+1/2

�NR
L (W,Q2) =

(1� x0
L)

[aL
1 t+bL1 ]x0

L
[dL

1 +eL1 t]

1� x

�NR,1
L (0)(Q2)c

L
1

(Q2 +Q2
0
L
)[1+cL1 ]
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Background: status

�T,L(W,Q2) = �R
T,L(W,Q2) + �NR

T,L(W,Q2)

x

• Do not fulfill dispersion relations/analiticity 
• Need to be revisited/fixed by FESR

The non-resonant background
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�T,L(W,Q2) = �R
T,L(W,Q2) + �NR

T,L(W,Q2)
Christy and Bosted, PRC 86 (2010) 055213

Mokeev et al., PRC 86 (2012) 035203
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Resonance model

A. N. Hiller Blin      APCTP Workshop       2018-07-01    



Breit-Wigner resonance model

σR
T,L(W, Q2) =

π
q2

γ ∑
N*,Δ*

(2Jr + 1)
M2

r Γtot(W )ΓT,L
γ (Mr)

(M2
r − W2)2 + M2

r Γ2
tot(W )

�T,L(W,Q2) = �R
T,L(W,Q2) + �NR

T,L(W,Q2)
Christy and Bosted, PRC 86 (2010) 055213

Mokeev et al., PRC 86 (2012) 035203
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Resonance model
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Breit-Wigner resonance model

σR
T,L(W, Q2) =

π
q2

γ ∑
N*,Δ*

(2Jr + 1)
M2

r Γtot(W )ΓT,L
γ (Mr)

(M2
r − W2)2 + M2

r Γ2
tot(W )

�T,L(W,Q2) = �R
T,L(W,Q2) + �NR

T,L(W,Q2)
Christy and Bosted, PRC 86 (2010) 055213

Mokeev et al., PRC 86 (2012) 035203

�T
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2) ⇠ |A1/2(Q
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2)|2

�L
� (Mr, Q

2) ⇠ 2
⌫2

Q2
|S1/2(Q

2)|2

�tot(W ) = �⇡N (W ) + (1� BF⇡N )�r
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Electrocouplings from CLAS data and fits

Energy-dependence from decays into πN and ππN 

!12

Resonance model

https://userweb.jlab.org/∼isupov/couplings/
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Aznauryan, PRC 67 (2003) 015209



Resonances compared to CLAS data
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CLAS structure functions and cross sections: user choice of W, Q2 and beam energy 
http://clas.sinp.msu.ru/strfun/



Duality in CLAS F2 data
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Duality in CLAS F2 data
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The dip is expected from opening of meson-production channels!
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Low energies: describing the resonant region 

Our tool: finite-energy sum rules 

High-energy model 

Goals: high and low-energy connection
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Poles: Born terms

Cuts: meson production
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• Amplitudes with correct analytic behaviour: 
Cauchy’s theorem fulfilled exactly


• Equivalently: FESR fulfilled

!17

FESR: the idea
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• We want to generalize this to:


High-energy model = LHS     Low-energy model = RHS 

Appropriate cutoff Λ needed! Larger than resonance 
region, but still sensitive to it.

• Amplitudes with correct analytic behaviour: 
Cauchy’s theorem fulfilled exactly


• Equivalently: FESR fulfilled
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RHS: low energies
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Form factors from A1 collaboration 
Bernauer et al., PRC 90 (2014) 015206
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Low energies: describing the resonant region 

Our tool: finite-energy sum rules 

High-energy model 

Goals: high and low-energy connection



LHS: high-energy model
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!20

Hard pomeron Soft pomeron Meson exchange (a2)
✏h = ↵h � 1 = 0.452

<latexit sha1_base64="bbnm2LlDx2qzqMmMRKBnsAusDRc=">AAACA3icbZDNSsNAFIUn9a/Wv6jLboJFcGNISkVdFIpuXFYwttCEMJlOm6GTyTAzEUrowo2v4saFiltfwp1v47TNQlsPDHycey937ok4JVI5zrdRWlldW98ob1a2tnd298z9g3uZZgJhD6U0Fd0ISkwJw54iiuIuFxgmEcWdaHQ9rXcesJAkZXdqzHGQwCEjA4Kg0lZoVn3MJaEa46YPKY9hGJ+6TcdunNVDs+bYzkzWMrgF1EChdmh++f0UZQlmClEoZc91uApyKBRBFE8qfiYxh2gEh7inkcEEyyCfHTGxjrXTtwap0I8pa+b+nshhIuU4iXRnAlUsF2tT879aL1ODiyAnjGcKMzRfNMiopVJrmojVJwIjRccaIBJE/9VCMRQQKZ1bRYfgLp68DF7dvrTd20atdVWkUQZVcAROgAvOQQvcgDbwAAKP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Znz8elJak</latexit><latexit sha1_base64="bbnm2LlDx2qzqMmMRKBnsAusDRc=">AAACA3icbZDNSsNAFIUn9a/Wv6jLboJFcGNISkVdFIpuXFYwttCEMJlOm6GTyTAzEUrowo2v4saFiltfwp1v47TNQlsPDHycey937ok4JVI5zrdRWlldW98ob1a2tnd298z9g3uZZgJhD6U0Fd0ISkwJw54iiuIuFxgmEcWdaHQ9rXcesJAkZXdqzHGQwCEjA4Kg0lZoVn3MJaEa46YPKY9hGJ+6TcdunNVDs+bYzkzWMrgF1EChdmh++f0UZQlmClEoZc91uApyKBRBFE8qfiYxh2gEh7inkcEEyyCfHTGxjrXTtwap0I8pa+b+nshhIuU4iXRnAlUsF2tT879aL1ODiyAnjGcKMzRfNMiopVJrmojVJwIjRccaIBJE/9VCMRQQKZ1bRYfgLp68DF7dvrTd20atdVWkUQZVcAROgAvOQQvcgDbwAAKP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Znz8elJak</latexit><latexit sha1_base64="bbnm2LlDx2qzqMmMRKBnsAusDRc=">AAACA3icbZDNSsNAFIUn9a/Wv6jLboJFcGNISkVdFIpuXFYwttCEMJlOm6GTyTAzEUrowo2v4saFiltfwp1v47TNQlsPDHycey937ok4JVI5zrdRWlldW98ob1a2tnd298z9g3uZZgJhD6U0Fd0ISkwJw54iiuIuFxgmEcWdaHQ9rXcesJAkZXdqzHGQwCEjA4Kg0lZoVn3MJaEa46YPKY9hGJ+6TcdunNVDs+bYzkzWMrgF1EChdmh++f0UZQlmClEoZc91uApyKBRBFE8qfiYxh2gEh7inkcEEyyCfHTGxjrXTtwap0I8pa+b+nshhIuU4iXRnAlUsF2tT879aL1ODiyAnjGcKMzRfNMiopVJrmojVJwIjRccaIBJE/9VCMRQQKZ1bRYfgLp68DF7dvrTd20atdVWkUQZVcAROgAvOQQvcgDbwAAKP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Znz8elJak</latexit><latexit sha1_base64="bbnm2LlDx2qzqMmMRKBnsAusDRc=">AAACA3icbZDNSsNAFIUn9a/Wv6jLboJFcGNISkVdFIpuXFYwttCEMJlOm6GTyTAzEUrowo2v4saFiltfwp1v47TNQlsPDHycey937ok4JVI5zrdRWlldW98ob1a2tnd298z9g3uZZgJhD6U0Fd0ISkwJw54iiuIuFxgmEcWdaHQ9rXcesJAkZXdqzHGQwCEjA4Kg0lZoVn3MJaEa46YPKY9hGJ+6TcdunNVDs+bYzkzWMrgF1EChdmh++f0UZQlmClEoZc91uApyKBRBFE8qfiYxh2gEh7inkcEEyyCfHTGxjrXTtwap0I8pa+b+nshhIuU4iXRnAlUsF2tT879aL1ODiyAnjGcKMzRfNMiopVJrmojVJwIjRccaIBJE/9VCMRQQKZ1bRYfgLp68DF7dvrTd20atdVWkUQZVcAROgAvOQQvcgDbwAAKP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Znz8elJak</latexit>

✏s = ↵s � 1 = 0.0667
<latexit sha1_base64="pooiVbT9GsBtOH7cEAUdvze01hw=">AAACBHicbZDNSgMxFIUz9a/Wv1GXuggWwY1lRqTVRaHoxmUFxxY6w5BJM21oJhOSjFBKN258FTcuVNz6EO58G9N2Ftp6IPBx7r3c3BMJRpV2nG+rsLS8srpWXC9tbG5t79i7e/cqzSQmHk5ZKtsRUoRRTjxNNSNtIQlKIkZa0eB6Um89EKloyu/0UJAgQT1OY4qRNlZoH/pEKMoMqrqPmOijUJ26dafiVKu10C4bmAougptDGeRqhvaX301xlhCuMUNKdVxH6GCEpKaYkXHJzxQRCA9Qj3QMcpQQFYymV4zhsXG6ME6leVzDqft7YoQSpYZJZDoTpPtqvjYx/6t1Mh1fBCPKRaYJx7NFccagTuEkEtilkmDNhgYQltT8FeI+kghrE1zJhODOn7wI3lnlsuLenpcbV3kaRXAAjsAJcEENNMANaAIPYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QPD7pb8</latexit><latexit sha1_base64="pooiVbT9GsBtOH7cEAUdvze01hw=">AAACBHicbZDNSgMxFIUz9a/Wv1GXuggWwY1lRqTVRaHoxmUFxxY6w5BJM21oJhOSjFBKN258FTcuVNz6EO58G9N2Ftp6IPBx7r3c3BMJRpV2nG+rsLS8srpWXC9tbG5t79i7e/cqzSQmHk5ZKtsRUoRRTjxNNSNtIQlKIkZa0eB6Um89EKloyu/0UJAgQT1OY4qRNlZoH/pEKMoMqrqPmOijUJ26dafiVKu10C4bmAougptDGeRqhvaX301xlhCuMUNKdVxH6GCEpKaYkXHJzxQRCA9Qj3QMcpQQFYymV4zhsXG6ME6leVzDqft7YoQSpYZJZDoTpPtqvjYx/6t1Mh1fBCPKRaYJx7NFccagTuEkEtilkmDNhgYQltT8FeI+kghrE1zJhODOn7wI3lnlsuLenpcbV3kaRXAAjsAJcEENNMANaAIPYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QPD7pb8</latexit><latexit sha1_base64="pooiVbT9GsBtOH7cEAUdvze01hw=">AAACBHicbZDNSgMxFIUz9a/Wv1GXuggWwY1lRqTVRaHoxmUFxxY6w5BJM21oJhOSjFBKN258FTcuVNz6EO58G9N2Ftp6IPBx7r3c3BMJRpV2nG+rsLS8srpWXC9tbG5t79i7e/cqzSQmHk5ZKtsRUoRRTjxNNSNtIQlKIkZa0eB6Um89EKloyu/0UJAgQT1OY4qRNlZoH/pEKMoMqrqPmOijUJ26dafiVKu10C4bmAougptDGeRqhvaX301xlhCuMUNKdVxH6GCEpKaYkXHJzxQRCA9Qj3QMcpQQFYymV4zhsXG6ME6leVzDqft7YoQSpYZJZDoTpPtqvjYx/6t1Mh1fBCPKRaYJx7NFccagTuEkEtilkmDNhgYQltT8FeI+kghrE1zJhODOn7wI3lnlsuLenpcbV3kaRXAAjsAJcEENNMANaAIPYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QPD7pb8</latexit><latexit sha1_base64="pooiVbT9GsBtOH7cEAUdvze01hw=">AAACBHicbZDNSgMxFIUz9a/Wv1GXuggWwY1lRqTVRaHoxmUFxxY6w5BJM21oJhOSjFBKN258FTcuVNz6EO58G9N2Ftp6IPBx7r3c3BMJRpV2nG+rsLS8srpWXC9tbG5t79i7e/cqzSQmHk5ZKtsRUoRRTjxNNSNtIQlKIkZa0eB6Um89EKloyu/0UJAgQT1OY4qRNlZoH/pEKMoMqrqPmOijUJ26dafiVKu10C4bmAougptDGeRqhvaX301xlhCuMUNKdVxH6GCEpKaYkXHJzxQRCA9Qj3QMcpQQFYymV4zhsXG6ME6leVzDqft7YoQSpYZJZDoTpPtqvjYx/6t1Mh1fBCPKRaYJx7NFccagTuEkEtilkmDNhgYQltT8FeI+kghrE1zJhODOn7wI3lnlsuLenpcbV3kaRXAAjsAJcEENNMANaAIPYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QPD7pb8</latexit>

✏r = ↵r � 1 = �0.476
<latexit sha1_base64="45L9XV96A8BVvDBv/w2RfykPLms=">AAACBHicbZDNSsNAFIUn9a/Wv6hLXQwWwU1DIsXqolB047KCsUITwmQ6aYdOJmFmIpTQjRtfxY0LFbc+hDvfxmmbhbYeGPg4917u3BOmjEpl299GaWl5ZXWtvF7Z2Nza3jF39+5kkglMXJywRNyHSBJGOXEVVYzcp4KgOGSkEw6vJvXOAxGSJvxWjVLix6jPaUQxUtoKzEOPpJIyjaLpIZYOUCBqTrNmW/XGWWBWbcueCi6CU0AVFGoH5pfXS3AWE64wQ1J2HTtVfo6EopiRccXLJEkRHqI+6WrkKCbSz6dXjOGxdnowSoR+XMGp+3siR7GUozjUnTFSAzlfm5j/1bqZis79nPI0U4Tj2aIoY1AlcBIJ7FFBsGIjDQgLqv8K8QAJhJUOrqJDcOZPXgT31LqwnJt6tXVZpFEGB+AInAAHNEALXIM2cAEGj+AZvII348l4Md6Nj1lryShm9sEfGZ8/uS6W9Q==</latexit><latexit sha1_base64="45L9XV96A8BVvDBv/w2RfykPLms=">AAACBHicbZDNSsNAFIUn9a/Wv6hLXQwWwU1DIsXqolB047KCsUITwmQ6aYdOJmFmIpTQjRtfxY0LFbc+hDvfxmmbhbYeGPg4917u3BOmjEpl299GaWl5ZXWtvF7Z2Nza3jF39+5kkglMXJywRNyHSBJGOXEVVYzcp4KgOGSkEw6vJvXOAxGSJvxWjVLix6jPaUQxUtoKzEOPpJIyjaLpIZYOUCBqTrNmW/XGWWBWbcueCi6CU0AVFGoH5pfXS3AWE64wQ1J2HTtVfo6EopiRccXLJEkRHqI+6WrkKCbSz6dXjOGxdnowSoR+XMGp+3siR7GUozjUnTFSAzlfm5j/1bqZis79nPI0U4Tj2aIoY1AlcBIJ7FFBsGIjDQgLqv8K8QAJhJUOrqJDcOZPXgT31LqwnJt6tXVZpFEGB+AInAAHNEALXIM2cAEGj+AZvII348l4Md6Nj1lryShm9sEfGZ8/uS6W9Q==</latexit><latexit sha1_base64="45L9XV96A8BVvDBv/w2RfykPLms=">AAACBHicbZDNSsNAFIUn9a/Wv6hLXQwWwU1DIsXqolB047KCsUITwmQ6aYdOJmFmIpTQjRtfxY0LFbc+hDvfxmmbhbYeGPg4917u3BOmjEpl299GaWl5ZXWtvF7Z2Nza3jF39+5kkglMXJywRNyHSBJGOXEVVYzcp4KgOGSkEw6vJvXOAxGSJvxWjVLix6jPaUQxUtoKzEOPpJIyjaLpIZYOUCBqTrNmW/XGWWBWbcueCi6CU0AVFGoH5pfXS3AWE64wQ1J2HTtVfo6EopiRccXLJEkRHqI+6WrkKCbSz6dXjOGxdnowSoR+XMGp+3siR7GUozjUnTFSAzlfm5j/1bqZis79nPI0U4Tj2aIoY1AlcBIJ7FFBsGIjDQgLqv8K8QAJhJUOrqJDcOZPXgT31LqwnJt6tXVZpFEGB+AInAAHNEALXIM2cAEGj+AZvII348l4Md6Nj1lryShm9sEfGZ8/uS6W9Q==</latexit><latexit sha1_base64="45L9XV96A8BVvDBv/w2RfykPLms=">AAACBHicbZDNSsNAFIUn9a/Wv6hLXQwWwU1DIsXqolB047KCsUITwmQ6aYdOJmFmIpTQjRtfxY0LFbc+hDvfxmmbhbYeGPg4917u3BOmjEpl299GaWl5ZXWtvF7Z2Nza3jF39+5kkglMXJywRNyHSBJGOXEVVYzcp4KgOGSkEw6vJvXOAxGSJvxWjVLix6jPaUQxUtoKzEOPpJIyjaLpIZYOUCBqTrNmW/XGWWBWbcueCi6CU0AVFGoH5pfXS3AWE64wQ1J2HTtVfo6EopiRccXLJEkRHqI+6WrkKCbSz6dXjOGxdnowSoR+XMGp+3siR7GUozjUnTFSAzlfm5j/1bqZis79nPI0U4Tj2aIoY1AlcBIJ7FFBsGIjDQgLqv8K8QAJhJUOrqJDcOZPXgT31LqwnJt6tXVZpFEGB+AInAAHNEALXIM2cAEGj+AZvII348l4Md6Nj1lryShm9sEfGZ8/uS6W9Q==</latexit>
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LHS: high-energy model

F2(x,Q
2) = fh(Q

2)x�✏h + fs(Q
2)x�✏s + fr(Q

2)x�✏r
<latexit sha1_base64="pYsokocCw6NzZgsxgLQZpzoYzBU="></latexit><latexit sha1_base64="pYsokocCw6NzZgsxgLQZpzoYzBU="></latexit><latexit sha1_base64="pYsokocCw6NzZgsxgLQZpzoYzBU="></latexit><latexit sha1_base64="pYsokocCw6NzZgsxgLQZpzoYzBU="></latexit>

x =
Q2

2MN⌫
<latexit sha1_base64="GSZliZRZ5RSyNx5ReWsWxcS8sGI=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJy2IRPJWkCOpBKHrxorRgbKGJYbPdtEs3m7C7EUsI+Fe8eFDx6v/w5r9x2+agrQ8GHu/NMDMvSBiVyrK+jdLC4tLySnm1sra+sbllbu/cyTgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g6Gl2O//UCEpDG/VaOEeBHqcxpSjJSWfHPv8dwNBcJZ676eZ/Vr/8blae6bVatmTQDniV2QKijQ9M0vtxfjNCJcYYak7NpWorwMCUUxI3nFTSVJEB6iPulqylFEpJdNzs/hoVZ6MIyFLq7gRP09kaFIylEU6M4IqYGc9cbif143VeGpl1GepIpwPF0UpgyqGI6zgD0qCFZspAnCgupbIR4gnYbSiVV0CPbsy/PEqdfOanbruNq4KNIog31wAI6ADU5AA1yBJnAABhl4Bq/gzXgyXox342PaWjKKmV3wB8bnDz8jlTo=</latexit><latexit sha1_base64="GSZliZRZ5RSyNx5ReWsWxcS8sGI=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJy2IRPJWkCOpBKHrxorRgbKGJYbPdtEs3m7C7EUsI+Fe8eFDx6v/w5r9x2+agrQ8GHu/NMDMvSBiVyrK+jdLC4tLySnm1sra+sbllbu/cyTgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g6Gl2O//UCEpDG/VaOEeBHqcxpSjJSWfHPv8dwNBcJZ676eZ/Vr/8blae6bVatmTQDniV2QKijQ9M0vtxfjNCJcYYak7NpWorwMCUUxI3nFTSVJEB6iPulqylFEpJdNzs/hoVZ6MIyFLq7gRP09kaFIylEU6M4IqYGc9cbif143VeGpl1GepIpwPF0UpgyqGI6zgD0qCFZspAnCgupbIR4gnYbSiVV0CPbsy/PEqdfOanbruNq4KNIog31wAI6ADU5AA1yBJnAABhl4Bq/gzXgyXox342PaWjKKmV3wB8bnDz8jlTo=</latexit><latexit sha1_base64="GSZliZRZ5RSyNx5ReWsWxcS8sGI=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJy2IRPJWkCOpBKHrxorRgbKGJYbPdtEs3m7C7EUsI+Fe8eFDx6v/w5r9x2+agrQ8GHu/NMDMvSBiVyrK+jdLC4tLySnm1sra+sbllbu/cyTgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g6Gl2O//UCEpDG/VaOEeBHqcxpSjJSWfHPv8dwNBcJZ676eZ/Vr/8blae6bVatmTQDniV2QKijQ9M0vtxfjNCJcYYak7NpWorwMCUUxI3nFTSVJEB6iPulqylFEpJdNzs/hoVZ6MIyFLq7gRP09kaFIylEU6M4IqYGc9cbif143VeGpl1GepIpwPF0UpgyqGI6zgD0qCFZspAnCgupbIR4gnYbSiVV0CPbsy/PEqdfOanbruNq4KNIog31wAI6ADU5AA1yBJnAABhl4Bq/gzXgyXox342PaWjKKmV3wB8bnDz8jlTo=</latexit><latexit sha1_base64="GSZliZRZ5RSyNx5ReWsWxcS8sGI=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJy2IRPJWkCOpBKHrxorRgbKGJYbPdtEs3m7C7EUsI+Fe8eFDx6v/w5r9x2+agrQ8GHu/NMDMvSBiVyrK+jdLC4tLySnm1sra+sbllbu/cyTgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g6Gl2O//UCEpDG/VaOEeBHqcxpSjJSWfHPv8dwNBcJZ676eZ/Vr/8blae6bVatmTQDniV2QKijQ9M0vtxfjNCJcYYak7NpWorwMCUUxI3nFTSVJEB6iPulqylFEpJdNzs/hoVZ6MIyFLq7gRP09kaFIylEU6M4IqYGc9cbif143VeGpl1GepIpwPF0UpgyqGI6zgD0qCFZspAnCgupbIR4gnYbSiVV0CPbsy/PEqdfOanbruNq4KNIog31wAI6ADU5AA1yBJnAABhl4Bq/gzXgyXox342PaWjKKmV3wB8bnDz8jlTo=</latexit>
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!20

Hard pomeron Soft pomeron Meson exchange (a2)
✏h = ↵h � 1 = 0.452

<latexit sha1_base64="bbnm2LlDx2qzqMmMRKBnsAusDRc=">AAACA3icbZDNSsNAFIUn9a/Wv6jLboJFcGNISkVdFIpuXFYwttCEMJlOm6GTyTAzEUrowo2v4saFiltfwp1v47TNQlsPDHycey937ok4JVI5zrdRWlldW98ob1a2tnd298z9g3uZZgJhD6U0Fd0ISkwJw54iiuIuFxgmEcWdaHQ9rXcesJAkZXdqzHGQwCEjA4Kg0lZoVn3MJaEa46YPKY9hGJ+6TcdunNVDs+bYzkzWMrgF1EChdmh++f0UZQlmClEoZc91uApyKBRBFE8qfiYxh2gEh7inkcEEyyCfHTGxjrXTtwap0I8pa+b+nshhIuU4iXRnAlUsF2tT879aL1ODiyAnjGcKMzRfNMiopVJrmojVJwIjRccaIBJE/9VCMRQQKZ1bRYfgLp68DF7dvrTd20atdVWkUQZVcAROgAvOQQvcgDbwAAKP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Znz8elJak</latexit><latexit sha1_base64="bbnm2LlDx2qzqMmMRKBnsAusDRc=">AAACA3icbZDNSsNAFIUn9a/Wv6jLboJFcGNISkVdFIpuXFYwttCEMJlOm6GTyTAzEUrowo2v4saFiltfwp1v47TNQlsPDHycey937ok4JVI5zrdRWlldW98ob1a2tnd298z9g3uZZgJhD6U0Fd0ISkwJw54iiuIuFxgmEcWdaHQ9rXcesJAkZXdqzHGQwCEjA4Kg0lZoVn3MJaEa46YPKY9hGJ+6TcdunNVDs+bYzkzWMrgF1EChdmh++f0UZQlmClEoZc91uApyKBRBFE8qfiYxh2gEh7inkcEEyyCfHTGxjrXTtwap0I8pa+b+nshhIuU4iXRnAlUsF2tT879aL1ODiyAnjGcKMzRfNMiopVJrmojVJwIjRccaIBJE/9VCMRQQKZ1bRYfgLp68DF7dvrTd20atdVWkUQZVcAROgAvOQQvcgDbwAAKP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Znz8elJak</latexit><latexit sha1_base64="bbnm2LlDx2qzqMmMRKBnsAusDRc=">AAACA3icbZDNSsNAFIUn9a/Wv6jLboJFcGNISkVdFIpuXFYwttCEMJlOm6GTyTAzEUrowo2v4saFiltfwp1v47TNQlsPDHycey937ok4JVI5zrdRWlldW98ob1a2tnd298z9g3uZZgJhD6U0Fd0ISkwJw54iiuIuFxgmEcWdaHQ9rXcesJAkZXdqzHGQwCEjA4Kg0lZoVn3MJaEa46YPKY9hGJ+6TcdunNVDs+bYzkzWMrgF1EChdmh++f0UZQlmClEoZc91uApyKBRBFE8qfiYxh2gEh7inkcEEyyCfHTGxjrXTtwap0I8pa+b+nshhIuU4iXRnAlUsF2tT879aL1ODiyAnjGcKMzRfNMiopVJrmojVJwIjRccaIBJE/9VCMRQQKZ1bRYfgLp68DF7dvrTd20atdVWkUQZVcAROgAvOQQvcgDbwAAKP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Znz8elJak</latexit><latexit sha1_base64="bbnm2LlDx2qzqMmMRKBnsAusDRc=">AAACA3icbZDNSsNAFIUn9a/Wv6jLboJFcGNISkVdFIpuXFYwttCEMJlOm6GTyTAzEUrowo2v4saFiltfwp1v47TNQlsPDHycey937ok4JVI5zrdRWlldW98ob1a2tnd298z9g3uZZgJhD6U0Fd0ISkwJw54iiuIuFxgmEcWdaHQ9rXcesJAkZXdqzHGQwCEjA4Kg0lZoVn3MJaEa46YPKY9hGJ+6TcdunNVDs+bYzkzWMrgF1EChdmh++f0UZQlmClEoZc91uApyKBRBFE8qfiYxh2gEh7inkcEEyyCfHTGxjrXTtwap0I8pa+b+nshhIuU4iXRnAlUsF2tT879aL1ODiyAnjGcKMzRfNMiopVJrmojVJwIjRccaIBJE/9VCMRQQKZ1bRYfgLp68DF7dvrTd20atdVWkUQZVcAROgAvOQQvcgDbwAAKP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Znz8elJak</latexit>

✏s = ↵s � 1 = 0.0667
<latexit sha1_base64="pooiVbT9GsBtOH7cEAUdvze01hw=">AAACBHicbZDNSgMxFIUz9a/Wv1GXuggWwY1lRqTVRaHoxmUFxxY6w5BJM21oJhOSjFBKN258FTcuVNz6EO58G9N2Ftp6IPBx7r3c3BMJRpV2nG+rsLS8srpWXC9tbG5t79i7e/cqzSQmHk5ZKtsRUoRRTjxNNSNtIQlKIkZa0eB6Um89EKloyu/0UJAgQT1OY4qRNlZoH/pEKMoMqrqPmOijUJ26dafiVKu10C4bmAougptDGeRqhvaX301xlhCuMUNKdVxH6GCEpKaYkXHJzxQRCA9Qj3QMcpQQFYymV4zhsXG6ME6leVzDqft7YoQSpYZJZDoTpPtqvjYx/6t1Mh1fBCPKRaYJx7NFccagTuEkEtilkmDNhgYQltT8FeI+kghrE1zJhODOn7wI3lnlsuLenpcbV3kaRXAAjsAJcEENNMANaAIPYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QPD7pb8</latexit><latexit sha1_base64="pooiVbT9GsBtOH7cEAUdvze01hw=">AAACBHicbZDNSgMxFIUz9a/Wv1GXuggWwY1lRqTVRaHoxmUFxxY6w5BJM21oJhOSjFBKN258FTcuVNz6EO58G9N2Ftp6IPBx7r3c3BMJRpV2nG+rsLS8srpWXC9tbG5t79i7e/cqzSQmHk5ZKtsRUoRRTjxNNSNtIQlKIkZa0eB6Um89EKloyu/0UJAgQT1OY4qRNlZoH/pEKMoMqrqPmOijUJ26dafiVKu10C4bmAougptDGeRqhvaX301xlhCuMUNKdVxH6GCEpKaYkXHJzxQRCA9Qj3QMcpQQFYymV4zhsXG6ME6leVzDqft7YoQSpYZJZDoTpPtqvjYx/6t1Mh1fBCPKRaYJx7NFccagTuEkEtilkmDNhgYQltT8FeI+kghrE1zJhODOn7wI3lnlsuLenpcbV3kaRXAAjsAJcEENNMANaAIPYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QPD7pb8</latexit><latexit sha1_base64="pooiVbT9GsBtOH7cEAUdvze01hw=">AAACBHicbZDNSgMxFIUz9a/Wv1GXuggWwY1lRqTVRaHoxmUFxxY6w5BJM21oJhOSjFBKN258FTcuVNz6EO58G9N2Ftp6IPBx7r3c3BMJRpV2nG+rsLS8srpWXC9tbG5t79i7e/cqzSQmHk5ZKtsRUoRRTjxNNSNtIQlKIkZa0eB6Um89EKloyu/0UJAgQT1OY4qRNlZoH/pEKMoMqrqPmOijUJ26dafiVKu10C4bmAougptDGeRqhvaX301xlhCuMUNKdVxH6GCEpKaYkXHJzxQRCA9Qj3QMcpQQFYymV4zhsXG6ME6leVzDqft7YoQSpYZJZDoTpPtqvjYx/6t1Mh1fBCPKRaYJx7NFccagTuEkEtilkmDNhgYQltT8FeI+kghrE1zJhODOn7wI3lnlsuLenpcbV3kaRXAAjsAJcEENNMANaAIPYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QPD7pb8</latexit><latexit sha1_base64="pooiVbT9GsBtOH7cEAUdvze01hw=">AAACBHicbZDNSgMxFIUz9a/Wv1GXuggWwY1lRqTVRaHoxmUFxxY6w5BJM21oJhOSjFBKN258FTcuVNz6EO58G9N2Ftp6IPBx7r3c3BMJRpV2nG+rsLS8srpWXC9tbG5t79i7e/cqzSQmHk5ZKtsRUoRRTjxNNSNtIQlKIkZa0eB6Um89EKloyu/0UJAgQT1OY4qRNlZoH/pEKMoMqrqPmOijUJ26dafiVKu10C4bmAougptDGeRqhvaX301xlhCuMUNKdVxH6GCEpKaYkXHJzxQRCA9Qj3QMcpQQFYymV4zhsXG6ME6leVzDqft7YoQSpYZJZDoTpPtqvjYx/6t1Mh1fBCPKRaYJx7NFccagTuEkEtilkmDNhgYQltT8FeI+kghrE1zJhODOn7wI3lnlsuLenpcbV3kaRXAAjsAJcEENNMANaAIPYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QPD7pb8</latexit>

✏r = ↵r � 1 = �0.476
<latexit sha1_base64="45L9XV96A8BVvDBv/w2RfykPLms=">AAACBHicbZDNSsNAFIUn9a/Wv6hLXQwWwU1DIsXqolB047KCsUITwmQ6aYdOJmFmIpTQjRtfxY0LFbc+hDvfxmmbhbYeGPg4917u3BOmjEpl299GaWl5ZXWtvF7Z2Nza3jF39+5kkglMXJywRNyHSBJGOXEVVYzcp4KgOGSkEw6vJvXOAxGSJvxWjVLix6jPaUQxUtoKzEOPpJIyjaLpIZYOUCBqTrNmW/XGWWBWbcueCi6CU0AVFGoH5pfXS3AWE64wQ1J2HTtVfo6EopiRccXLJEkRHqI+6WrkKCbSz6dXjOGxdnowSoR+XMGp+3siR7GUozjUnTFSAzlfm5j/1bqZis79nPI0U4Tj2aIoY1AlcBIJ7FFBsGIjDQgLqv8K8QAJhJUOrqJDcOZPXgT31LqwnJt6tXVZpFEGB+AInAAHNEALXIM2cAEGj+AZvII348l4Md6Nj1lryShm9sEfGZ8/uS6W9Q==</latexit><latexit sha1_base64="45L9XV96A8BVvDBv/w2RfykPLms=">AAACBHicbZDNSsNAFIUn9a/Wv6hLXQwWwU1DIsXqolB047KCsUITwmQ6aYdOJmFmIpTQjRtfxY0LFbc+hDvfxmmbhbYeGPg4917u3BOmjEpl299GaWl5ZXWtvF7Z2Nza3jF39+5kkglMXJywRNyHSBJGOXEVVYzcp4KgOGSkEw6vJvXOAxGSJvxWjVLix6jPaUQxUtoKzEOPpJIyjaLpIZYOUCBqTrNmW/XGWWBWbcueCi6CU0AVFGoH5pfXS3AWE64wQ1J2HTtVfo6EopiRccXLJEkRHqI+6WrkKCbSz6dXjOGxdnowSoR+XMGp+3siR7GUozjUnTFSAzlfm5j/1bqZis79nPI0U4Tj2aIoY1AlcBIJ7FFBsGIjDQgLqv8K8QAJhJUOrqJDcOZPXgT31LqwnJt6tXVZpFEGB+AInAAHNEALXIM2cAEGj+AZvII348l4Md6Nj1lryShm9sEfGZ8/uS6W9Q==</latexit><latexit sha1_base64="45L9XV96A8BVvDBv/w2RfykPLms=">AAACBHicbZDNSsNAFIUn9a/Wv6hLXQwWwU1DIsXqolB047KCsUITwmQ6aYdOJmFmIpTQjRtfxY0LFbc+hDvfxmmbhbYeGPg4917u3BOmjEpl299GaWl5ZXWtvF7Z2Nza3jF39+5kkglMXJywRNyHSBJGOXEVVYzcp4KgOGSkEw6vJvXOAxGSJvxWjVLix6jPaUQxUtoKzEOPpJIyjaLpIZYOUCBqTrNmW/XGWWBWbcueCi6CU0AVFGoH5pfXS3AWE64wQ1J2HTtVfo6EopiRccXLJEkRHqI+6WrkKCbSz6dXjOGxdnowSoR+XMGp+3siR7GUozjUnTFSAzlfm5j/1bqZis79nPI0U4Tj2aIoY1AlcBIJ7FFBsGIjDQgLqv8K8QAJhJUOrqJDcOZPXgT31LqwnJt6tXVZpFEGB+AInAAHNEALXIM2cAEGj+AZvII348l4Md6Nj1lryShm9sEfGZ8/uS6W9Q==</latexit><latexit sha1_base64="45L9XV96A8BVvDBv/w2RfykPLms=">AAACBHicbZDNSsNAFIUn9a/Wv6hLXQwWwU1DIsXqolB047KCsUITwmQ6aYdOJmFmIpTQjRtfxY0LFbc+hDvfxmmbhbYeGPg4917u3BOmjEpl299GaWl5ZXWtvF7Z2Nza3jF39+5kkglMXJywRNyHSBJGOXEVVYzcp4KgOGSkEw6vJvXOAxGSJvxWjVLix6jPaUQxUtoKzEOPpJIyjaLpIZYOUCBqTrNmW/XGWWBWbcueCi6CU0AVFGoH5pfXS3AWE64wQ1J2HTtVfo6EopiRccXLJEkRHqI+6WrkKCbSz6dXjOGxdnowSoR+XMGp+3siR7GUozjUnTFSAzlfm5j/1bqZis79nPI0U4Tj2aIoY1AlcBIJ7FFBsGIjDQgLqv8K8QAJhJUOrqJDcOZPXgT31LqwnJt6tXVZpFEGB+AInAAHNEALXIM2cAEGj+AZvII348l4Md6Nj1lryShm9sEfGZ8/uS6W9Q==</latexit>

F1(⌫, Q
2) =

MN⌫

Q2

F2(⌫, Q2)

1 +R
<latexit sha1_base64="utilbn39a5OxKJBC2cmIu+TE0ag=">AAACH3icbZDNSsNAFIUn9a/Wv6hLN8EiVJSSFKG6EIpCcaO0YmyhrWEynbRDJ5MwMxFKyKO48VXcuFARd30bp20QbT0wcPjuvdy5xw0pEdI0R1pmYXFpeSW7mltb39jc0rd37kUQcYRtFNCAN10oMCUM25JIipshx9B3KW64g8txvfGIuSABu5PDEHd82GPEIwhKhRy9XHWsQptFx/WH0uF52+MQxdfOjSJJrFAyJVWn9NOUxNbRbeLoebNoTmTMGys1eZCq5uhf7W6AIh8ziSgUomWZoezEkEuCKE5y7UjgEKIB7OGWsgz6WHTiyYGJcaBI1/ACrh6TxoT+noihL8TQd1WnD2VfzNbG8L9aK5LeaScmLIwkZmi6yIuoIQNjnJbRJRwjSYfKQMSJ+quB+lBFIlWmORWCNXvyvLFLxbOiVT/JVy7SNLJgD+yDArBAGVTAFagBGyDwBF7AG3jXnrVX7UP7nLZmtHRmF/yRNvoGOR6hYQ==</latexit><latexit sha1_base64="utilbn39a5OxKJBC2cmIu+TE0ag=">AAACH3icbZDNSsNAFIUn9a/Wv6hLN8EiVJSSFKG6EIpCcaO0YmyhrWEynbRDJ5MwMxFKyKO48VXcuFARd30bp20QbT0wcPjuvdy5xw0pEdI0R1pmYXFpeSW7mltb39jc0rd37kUQcYRtFNCAN10oMCUM25JIipshx9B3KW64g8txvfGIuSABu5PDEHd82GPEIwhKhRy9XHWsQptFx/WH0uF52+MQxdfOjSJJrFAyJVWn9NOUxNbRbeLoebNoTmTMGys1eZCq5uhf7W6AIh8ziSgUomWZoezEkEuCKE5y7UjgEKIB7OGWsgz6WHTiyYGJcaBI1/ACrh6TxoT+noihL8TQd1WnD2VfzNbG8L9aK5LeaScmLIwkZmi6yIuoIQNjnJbRJRwjSYfKQMSJ+quB+lBFIlWmORWCNXvyvLFLxbOiVT/JVy7SNLJgD+yDArBAGVTAFagBGyDwBF7AG3jXnrVX7UP7nLZmtHRmF/yRNvoGOR6hYQ==</latexit><latexit sha1_base64="utilbn39a5OxKJBC2cmIu+TE0ag=">AAACH3icbZDNSsNAFIUn9a/Wv6hLN8EiVJSSFKG6EIpCcaO0YmyhrWEynbRDJ5MwMxFKyKO48VXcuFARd30bp20QbT0wcPjuvdy5xw0pEdI0R1pmYXFpeSW7mltb39jc0rd37kUQcYRtFNCAN10oMCUM25JIipshx9B3KW64g8txvfGIuSABu5PDEHd82GPEIwhKhRy9XHWsQptFx/WH0uF52+MQxdfOjSJJrFAyJVWn9NOUxNbRbeLoebNoTmTMGys1eZCq5uhf7W6AIh8ziSgUomWZoezEkEuCKE5y7UjgEKIB7OGWsgz6WHTiyYGJcaBI1/ACrh6TxoT+noihL8TQd1WnD2VfzNbG8L9aK5LeaScmLIwkZmi6yIuoIQNjnJbRJRwjSYfKQMSJ+quB+lBFIlWmORWCNXvyvLFLxbOiVT/JVy7SNLJgD+yDArBAGVTAFagBGyDwBF7AG3jXnrVX7UP7nLZmtHRmF/yRNvoGOR6hYQ==</latexit><latexit sha1_base64="utilbn39a5OxKJBC2cmIu+TE0ag=">AAACH3icbZDNSsNAFIUn9a/Wv6hLN8EiVJSSFKG6EIpCcaO0YmyhrWEynbRDJ5MwMxFKyKO48VXcuFARd30bp20QbT0wcPjuvdy5xw0pEdI0R1pmYXFpeSW7mltb39jc0rd37kUQcYRtFNCAN10oMCUM25JIipshx9B3KW64g8txvfGIuSABu5PDEHd82GPEIwhKhRy9XHWsQptFx/WH0uF52+MQxdfOjSJJrFAyJVWn9NOUxNbRbeLoebNoTmTMGys1eZCq5uhf7W6AIh8ziSgUomWZoezEkEuCKE5y7UjgEKIB7OGWsgz6WHTiyYGJcaBI1/ACrh6TxoT+noihL8TQd1WnD2VfzNbG8L9aK5LeaScmLIwkZmi6yIuoIQNjnJbRJRwjSYfKQMSJ+quB+lBFIlWmORWCNXvyvLFLxbOiVT/JVy7SNLJgD+yDArBAGVTAFagBGyDwBF7AG3jXnrVX7UP7nLZmtHRmF/yRNvoGOR6hYQ==</latexit>

R / �L

�T
<latexit sha1_base64="zE+mB68AsMYJlVRNYQSIAvUnzMM=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqpD8DRaEdTb0IsHD1NWN1jLSLN0C0uakKTCKD178at48aDi1W/gzW9jtlXQzQcCP573fXnzPpGgRGnX/bJKC4tLyyvl1cra+sbmlr29c6d4KhH2EadctiOoMCUJ9jXRFLeFxJBFFLei4eW43rrHUhGeNPVI4JDBfkJigqA2Vtfevw2E5ELzIJYQZYEifQa71/kPNfOuXXVr7kTOPHgFVEGhRtf+DHocpQwnGlGoVMdzhQ4zKDVBFOeVIFVYQDSEfdwxmECGVZhNTsmdQ+P0nJhL8xLtTNzfExlkSo1YZDoZ1AM1Wxub/9U6qY7PwowkItU4QdNFcUodzZ1xLk6PSIw0HRmASBLzVwcNoMlEm/QqJgRv9uR58I9r5zXv5qRavyjSKIM9cACOgAdOQR1cgQbwAQIP4Am8gFfr0Xq23qz3aWvJKmZ2wR9ZH9/lXJs7</latexit><latexit sha1_base64="zE+mB68AsMYJlVRNYQSIAvUnzMM=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqpD8DRaEdTb0IsHD1NWN1jLSLN0C0uakKTCKD178at48aDi1W/gzW9jtlXQzQcCP573fXnzPpGgRGnX/bJKC4tLyyvl1cra+sbmlr29c6d4KhH2EadctiOoMCUJ9jXRFLeFxJBFFLei4eW43rrHUhGeNPVI4JDBfkJigqA2Vtfevw2E5ELzIJYQZYEifQa71/kPNfOuXXVr7kTOPHgFVEGhRtf+DHocpQwnGlGoVMdzhQ4zKDVBFOeVIFVYQDSEfdwxmECGVZhNTsmdQ+P0nJhL8xLtTNzfExlkSo1YZDoZ1AM1Wxub/9U6qY7PwowkItU4QdNFcUodzZ1xLk6PSIw0HRmASBLzVwcNoMlEm/QqJgRv9uR58I9r5zXv5qRavyjSKIM9cACOgAdOQR1cgQbwAQIP4Am8gFfr0Xq23qz3aWvJKmZ2wR9ZH9/lXJs7</latexit><latexit sha1_base64="zE+mB68AsMYJlVRNYQSIAvUnzMM=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqpD8DRaEdTb0IsHD1NWN1jLSLN0C0uakKTCKD178at48aDi1W/gzW9jtlXQzQcCP573fXnzPpGgRGnX/bJKC4tLyyvl1cra+sbmlr29c6d4KhH2EadctiOoMCUJ9jXRFLeFxJBFFLei4eW43rrHUhGeNPVI4JDBfkJigqA2Vtfevw2E5ELzIJYQZYEifQa71/kPNfOuXXVr7kTOPHgFVEGhRtf+DHocpQwnGlGoVMdzhQ4zKDVBFOeVIFVYQDSEfdwxmECGVZhNTsmdQ+P0nJhL8xLtTNzfExlkSo1YZDoZ1AM1Wxub/9U6qY7PwowkItU4QdNFcUodzZ1xLk6PSIw0HRmASBLzVwcNoMlEm/QqJgRv9uR58I9r5zXv5qRavyjSKIM9cACOgAdOQR1cgQbwAQIP4Am8gFfr0Xq23qz3aWvJKmZ2wR9ZH9/lXJs7</latexit><latexit sha1_base64="zE+mB68AsMYJlVRNYQSIAvUnzMM=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqpD8DRaEdTb0IsHD1NWN1jLSLN0C0uakKTCKD178at48aDi1W/gzW9jtlXQzQcCP573fXnzPpGgRGnX/bJKC4tLyyvl1cra+sbmlr29c6d4KhH2EadctiOoMCUJ9jXRFLeFxJBFFLei4eW43rrHUhGeNPVI4JDBfkJigqA2Vtfevw2E5ELzIJYQZYEifQa71/kPNfOuXXVr7kTOPHgFVEGhRtf+DHocpQwnGlGoVMdzhQ4zKDVBFOeVIFVYQDSEfdwxmECGVZhNTsmdQ+P0nJhL8xLtTNzfExlkSo1YZDoZ1AM1Wxub/9U6qY7PwowkItU4QdNFcUodzZ1xLk6PSIw0HRmASBLzVwcNoMlEm/QqJgRv9uR58I9r5zXv5qRavyjSKIM9cACOgAdOQR1cgQbwAQIP4Am8gFfr0Xq23qz3aWvJKmZ2wR9ZH9/lXJs7</latexit>
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LHS: high energies

!21

0 =

Z

C⇤

Ti(⌫, Q
2)⌫kd⌫

+

Z ⇤

0

⇥
Di,R(⌫, Q

2) + (�1)kD1,L(⌫, Q
2)
⇤
⌫kd⌫

<latexit sha1_base64="FpOsy9XcDiB1ie//KUP18GOReiA="></latexit><latexit sha1_base64="FpOsy9XcDiB1ie//KUP18GOReiA="></latexit><latexit sha1_base64="FpOsy9XcDiB1ie//KUP18GOReiA="></latexit><latexit sha1_base64="FpOsy9XcDiB1ie//KUP18GOReiA="></latexit>

0 =

Z

C⇤

Ti(⌫, Q
2)⌫kd⌫

+

Z ⇤

0

⇥
Di,R(⌫, Q

2) + (�1)kD1,L(⌫, Q
2)
⇤
⌫kd⌫

<latexit sha1_base64="FpOsy9XcDiB1ie//KUP18GOReiA="></latexit><latexit sha1_base64="FpOsy9XcDiB1ie//KUP18GOReiA="></latexit><latexit sha1_base64="FpOsy9XcDiB1ie//KUP18GOReiA="></latexit><latexit sha1_base64="FpOsy9XcDiB1ie//KUP18GOReiA="></latexit>

LHS = − ∫CΛ

Ti(ν, Q2)νkdν
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LHS: high energies

!21

⌫

⇡↵
Im T2 = F2
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LHS: high energies
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Example FESR evaluation

Result for the current Bosted&Christy model vs. Donnachie&Landshoff

Good match at Q2 = 0 as expected, less compatible the larger Q2!
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Low energies: describing the resonant region 

Our tool: finite-energy sum rules 

High-energy model 

Goals: high and low-energy connection
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• Want to: recover Donnachie&Landshoff at large energies 

• Have correct threshold and resonant behaviour
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• Want to: recover Donnachie&Landshoff at large energies 

• Have correct threshold and resonant behaviour
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<latexit sha1_base64="egFY4jfLBXuVRaIVQTYuPE8nCcw=">AAACxXicjVHfa9RAEN7EX/X80VMffQke4h1njyQI6kOhWJA+qLTg2cLlLmz2JndLN5uwOykey+L/6JsP/i9uLqHY1gcHFr75Zr6Z2ZmsElx jGP7y/Fu379y9t3O/9+Dho8e7/SdPv+myVgymrBSlOsuoBsElTJGjgLNKAS0yAafZ+WETP70ApXkpv+KmgnlBV5LnnFF0VNr//TGNh4msX58s4tG+cxYJwnc0CrS95MeJgByH0V6SK8qMo9M2C9fK2sa3ieKrNY4Who7pK6exnWT8H5JsnLUSXRep4fuhXcR5yodN67ZMWyT+nH6xpslsJtu7WnN0WS6BSnPhPvfJpv1BOAm3FtwEUQcGpLPjtP8zWZasLkAiE1TrWRRWODdUIWcCbC+pNVSUndMVzByUtAA9N9sz2OClY5ZBXir3JAZb9m+FoYXWmyJzmQXFtb4ea8h/xWY15u/mhsuqRpCsbZTXIsAyaG4aLLkChmLjAGWKu1kDtqZuZegu33NLiK5/+SaYxpP3k+jkzeDgQ7eNHfKcvCBDEpG35IAckWMyJcw79LinPO0f+dJH/6JN9b1O84xcMf/HHwyb3jc=</latexit><latexit sha1_base64="egFY4jfLBXuVRaIVQTYuPE8nCcw=">AAACxXicjVHfa9RAEN7EX/X80VMffQke4h1njyQI6kOhWJA+qLTg2cLlLmz2JndLN5uwOykey+L/6JsP/i9uLqHY1gcHFr75Zr6Z2ZmsElx jGP7y/Fu379y9t3O/9+Dho8e7/SdPv+myVgymrBSlOsuoBsElTJGjgLNKAS0yAafZ+WETP70ApXkpv+KmgnlBV5LnnFF0VNr//TGNh4msX58s4tG+cxYJwnc0CrS95MeJgByH0V6SK8qMo9M2C9fK2sa3ieKrNY4Who7pK6exnWT8H5JsnLUSXRep4fuhXcR5yodN67ZMWyT+nH6xpslsJtu7WnN0WS6BSnPhPvfJpv1BOAm3FtwEUQcGpLPjtP8zWZasLkAiE1TrWRRWODdUIWcCbC+pNVSUndMVzByUtAA9N9sz2OClY5ZBXir3JAZb9m+FoYXWmyJzmQXFtb4ea8h/xWY15u/mhsuqRpCsbZTXIsAyaG4aLLkChmLjAGWKu1kDtqZuZegu33NLiK5/+SaYxpP3k+jkzeDgQ7eNHfKcvCBDEpG35IAckWMyJcw79LinPO0f+dJH/6JN9b1O84xcMf/HHwyb3jc=</latexit><latexit sha1_base64="egFY4jfLBXuVRaIVQTYuPE8nCcw=">AAACxXicjVHfa9RAEN7EX/X80VMffQke4h1njyQI6kOhWJA+qLTg2cLlLmz2JndLN5uwOykey+L/6JsP/i9uLqHY1gcHFr75Zr6Z2ZmsElx jGP7y/Fu379y9t3O/9+Dho8e7/SdPv+myVgymrBSlOsuoBsElTJGjgLNKAS0yAafZ+WETP70ApXkpv+KmgnlBV5LnnFF0VNr//TGNh4msX58s4tG+cxYJwnc0CrS95MeJgByH0V6SK8qMo9M2C9fK2sa3ieKrNY4Who7pK6exnWT8H5JsnLUSXRep4fuhXcR5yodN67ZMWyT+nH6xpslsJtu7WnN0WS6BSnPhPvfJpv1BOAm3FtwEUQcGpLPjtP8zWZasLkAiE1TrWRRWODdUIWcCbC+pNVSUndMVzByUtAA9N9sz2OClY5ZBXir3JAZb9m+FoYXWmyJzmQXFtb4ea8h/xWY15u/mhsuqRpCsbZTXIsAyaG4aLLkChmLjAGWKu1kDtqZuZegu33NLiK5/+SaYxpP3k+jkzeDgQ7eNHfKcvCBDEpG35IAckWMyJcw79LinPO0f+dJH/6JN9b1O84xcMf/HHwyb3jc=</latexit><latexit sha1_base64="egFY4jfLBXuVRaIVQTYuPE8nCcw=">AAACxXicjVHfa9RAEN7EX/X80VMffQke4h1njyQI6kOhWJA+qLTg2cLlLmz2JndLN5uwOykey+L/6JsP/i9uLqHY1gcHFr75Zr6Z2ZmsElx jGP7y/Fu379y9t3O/9+Dho8e7/SdPv+myVgymrBSlOsuoBsElTJGjgLNKAS0yAafZ+WETP70ApXkpv+KmgnlBV5LnnFF0VNr//TGNh4msX58s4tG+cxYJwnc0CrS95MeJgByH0V6SK8qMo9M2C9fK2sa3ieKrNY4Who7pK6exnWT8H5JsnLUSXRep4fuhXcR5yodN67ZMWyT+nH6xpslsJtu7WnN0WS6BSnPhPvfJpv1BOAm3FtwEUQcGpLPjtP8zWZasLkAiE1TrWRRWODdUIWcCbC+pNVSUndMVzByUtAA9N9sz2OClY5ZBXir3JAZb9m+FoYXWmyJzmQXFtb4ea8h/xWY15u/mhsuqRpCsbZTXIsAyaG4aLLkChmLjAGWKu1kDtqZuZegu33NLiK5/+SaYxpP3k+jkzeDgQ7eNHfKcvCBDEpG35IAckWMyJcw79LinPO0f+dJH/6JN9b1O84xcMf/HHwyb3jc=</latexit>

• a and b: fit to total photoabsorption at Q2 = 0 

• a’ and b’: fit to F2 data

A. N. Hiller Blin      APCTP Workshop       2018-07-01    

• Want to: recover Donnachie&Landshoff at large energies 

• Have correct threshold and resonant behaviour
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<latexit sha1_base64="egFY4jfLBXuVRaIVQTYuPE8nCcw=">AAACxXicjVHfa9RAEN7EX/X80VMffQke4h1njyQI6kOhWJA+qLTg2cLlLmz2JndLN5uwOykey+L/6JsP/i9uLqHY1gcHFr75Zr6Z2ZmsElx jGP7y/Fu379y9t3O/9+Dho8e7/SdPv+myVgymrBSlOsuoBsElTJGjgLNKAS0yAafZ+WETP70ApXkpv+KmgnlBV5LnnFF0VNr//TGNh4msX58s4tG+cxYJwnc0CrS95MeJgByH0V6SK8qMo9M2C9fK2sa3ieKrNY4Who7pK6exnWT8H5JsnLUSXRep4fuhXcR5yodN67ZMWyT+nH6xpslsJtu7WnN0WS6BSnPhPvfJpv1BOAm3FtwEUQcGpLPjtP8zWZasLkAiE1TrWRRWODdUIWcCbC+pNVSUndMVzByUtAA9N9sz2OClY5ZBXir3JAZb9m+FoYXWmyJzmQXFtb4ea8h/xWY15u/mhsuqRpCsbZTXIsAyaG4aLLkChmLjAGWKu1kDtqZuZegu33NLiK5/+SaYxpP3k+jkzeDgQ7eNHfKcvCBDEpG35IAckWMyJcw79LinPO0f+dJH/6JN9b1O84xcMf/HHwyb3jc=</latexit><latexit sha1_base64="egFY4jfLBXuVRaIVQTYuPE8nCcw=">AAACxXicjVHfa9RAEN7EX/X80VMffQke4h1njyQI6kOhWJA+qLTg2cLlLmz2JndLN5uwOykey+L/6JsP/i9uLqHY1gcHFr75Zr6Z2ZmsElx jGP7y/Fu379y9t3O/9+Dho8e7/SdPv+myVgymrBSlOsuoBsElTJGjgLNKAS0yAafZ+WETP70ApXkpv+KmgnlBV5LnnFF0VNr//TGNh4msX58s4tG+cxYJwnc0CrS95MeJgByH0V6SK8qMo9M2C9fK2sa3ieKrNY4Who7pK6exnWT8H5JsnLUSXRep4fuhXcR5yodN67ZMWyT+nH6xpslsJtu7WnN0WS6BSnPhPvfJpv1BOAm3FtwEUQcGpLPjtP8zWZasLkAiE1TrWRRWODdUIWcCbC+pNVSUndMVzByUtAA9N9sz2OClY5ZBXir3JAZb9m+FoYXWmyJzmQXFtb4ea8h/xWY15u/mhsuqRpCsbZTXIsAyaG4aLLkChmLjAGWKu1kDtqZuZegu33NLiK5/+SaYxpP3k+jkzeDgQ7eNHfKcvCBDEpG35IAckWMyJcw79LinPO0f+dJH/6JN9b1O84xcMf/HHwyb3jc=</latexit><latexit sha1_base64="egFY4jfLBXuVRaIVQTYuPE8nCcw=">AAACxXicjVHfa9RAEN7EX/X80VMffQke4h1njyQI6kOhWJA+qLTg2cLlLmz2JndLN5uwOykey+L/6JsP/i9uLqHY1gcHFr75Zr6Z2ZmsElx jGP7y/Fu379y9t3O/9+Dho8e7/SdPv+myVgymrBSlOsuoBsElTJGjgLNKAS0yAafZ+WETP70ApXkpv+KmgnlBV5LnnFF0VNr//TGNh4msX58s4tG+cxYJwnc0CrS95MeJgByH0V6SK8qMo9M2C9fK2sa3ieKrNY4Who7pK6exnWT8H5JsnLUSXRep4fuhXcR5yodN67ZMWyT+nH6xpslsJtu7WnN0WS6BSnPhPvfJpv1BOAm3FtwEUQcGpLPjtP8zWZasLkAiE1TrWRRWODdUIWcCbC+pNVSUndMVzByUtAA9N9sz2OClY5ZBXir3JAZb9m+FoYXWmyJzmQXFtb4ea8h/xWY15u/mhsuqRpCsbZTXIsAyaG4aLLkChmLjAGWKu1kDtqZuZegu33NLiK5/+SaYxpP3k+jkzeDgQ7eNHfKcvCBDEpG35IAckWMyJcw79LinPO0f+dJH/6JN9b1O84xcMf/HHwyb3jc=</latexit><latexit sha1_base64="egFY4jfLBXuVRaIVQTYuPE8nCcw=">AAACxXicjVHfa9RAEN7EX/X80VMffQke4h1njyQI6kOhWJA+qLTg2cLlLmz2JndLN5uwOykey+L/6JsP/i9uLqHY1gcHFr75Zr6Z2ZmsElx jGP7y/Fu379y9t3O/9+Dho8e7/SdPv+myVgymrBSlOsuoBsElTJGjgLNKAS0yAafZ+WETP70ApXkpv+KmgnlBV5LnnFF0VNr//TGNh4msX58s4tG+cxYJwnc0CrS95MeJgByH0V6SK8qMo9M2C9fK2sa3ieKrNY4Who7pK6exnWT8H5JsnLUSXRep4fuhXcR5yodN67ZMWyT+nH6xpslsJtu7WnN0WS6BSnPhPvfJpv1BOAm3FtwEUQcGpLPjtP8zWZasLkAiE1TrWRRWODdUIWcCbC+pNVSUndMVzByUtAA9N9sz2OClY5ZBXir3JAZb9m+FoYXWmyJzmQXFtb4ea8h/xWY15u/mhsuqRpCsbZTXIsAyaG4aLLkChmLjAGWKu1kDtqZuZegu33NLiK5/+SaYxpP3k+jkzeDgQ7eNHfKcvCBDEpG35IAckWMyJcw79LinPO0f+dJH/6JN9b1O84xcMf/HHwyb3jc=</latexit>

• a and b: fit to total photoabsorption at Q2 = 0 

• a’ and b’: fit to F2 data

A. N. Hiller Blin      APCTP Workshop       2018-07-01    

• Want to: recover Donnachie&Landshoff at large energies 

• Have correct threshold and resonant behaviour



Preliminary: overlap region
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Summary
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• New resonant model: 
Full information on N* electrocouplings from CLAS data; 
No fits needed! 

• High-energy data described well by Regge models


• FESR to fix overlap-region behaviour for any Q2: 
Modified Regge-like amplitude with threshold parameters

A. N. Hiller Blin      APCTP Workshop       2018-07-01    



N⇤ Mr [MeV] �r [MeV] Jr Lr BF⇡N

1440 1430 350 1
2 1 0.65

1520 1515 115 3
2 2 0.60

1535 1535 150 1
2 0 0.45

1650 1655 140 1
2 0 0.60

1675 1675 150 5
2 2 0.40

1680 1685 130 5
2 3 0.68

1710 1710 100 1
2 1 0.13

1720 1720 250 3
2 1 0.11

2190 2190 500 7
2 4 0.15

2220 2250 400 9
2 5 0.20

2250 2280 500 9
2 4 0.10

<latexit sha1_base64="FPUikO/9ufWpVVZmH+ELR99TmRY="></latexit><latexit sha1_base64="FPUikO/9ufWpVVZmH+ELR99TmRY="></latexit><latexit sha1_base64="FPUikO/9ufWpVVZmH+ELR99TmRY="></latexit><latexit sha1_base64="FPUikO/9ufWpVVZmH+ELR99TmRY="></latexit>

� Mr [MeV] �r [MeV] Jr Lr BF⇡N

1232 1232 117 3
2 1 0.99

1620 1630 140 1
2 0 0.25

1700 1700 300 3
2 2 0.15

1905 1880 330 5
2 3 0.12

1910 1890 280 1
2 1 0.23

1950 1930 285 7
2 3 0.40

2420 2420 400 11
2 5 0.10

<latexit sha1_base64="MZLH5gPft0x3+VVHdGcn90w0zuE="></latexit><latexit sha1_base64="MZLH5gPft0x3+VVHdGcn90w0zuE="></latexit><latexit sha1_base64="MZLH5gPft0x3+VVHdGcn90w0zuE="></latexit><latexit sha1_base64="MZLH5gPft0x3+VVHdGcn90w0zuE="></latexit>

A1/2(Q
2), A3/2(Q

2), S1/2(Q
2)

<latexit sha1_base64="M49apz3FeNCMAYlt7nfS8BUpTn0=">AAACEnicbVDLTgIxFO3gC/E16tJNIzFBQ3AGTdQd6sYlREdIYJx0SoGGTmfSdkzIhH9w46+4caHGrSt3/o0FZoHgSZqce869ub3HjxiVyrJ+jMzC4tLySnY1t7a+sbllbu/cyzAWmDg4ZKFo+EgSRjlxFFWMNCJBUOAzUvf71yO//kiEpCG/U4OIuAHqctqhGCkteebRpZfYx+VhofZQPiy2iro8mSpvp1zPzFslaww4T+yU5EGKqmd+t9ohjgPCFWZIyqZtRcpNkFAUMzLMtWJJIoT7qEuamnIUEOkm45uG8EArbdgJhX5cwbE6PZGgQMpB4OvOAKmenPVG4n9eM1adczehPIoV4XiyqBMzqEI4Cgi2qSBYsYEmCAuq/wpxDwmElY4xp0OwZ0+eJ065dFGya6f5ylWaRhbsgX1QADY4AxVwA6rAARg8gRfwBt6NZ+PV+DA+J60ZI53ZBX9gfP0CdSqZsw==</latexit><latexit sha1_base64="M49apz3FeNCMAYlt7nfS8BUpTn0=">AAACEnicbVDLTgIxFO3gC/E16tJNIzFBQ3AGTdQd6sYlREdIYJx0SoGGTmfSdkzIhH9w46+4caHGrSt3/o0FZoHgSZqce869ub3HjxiVyrJ+jMzC4tLySnY1t7a+sbllbu/cyzAWmDg4ZKFo+EgSRjlxFFWMNCJBUOAzUvf71yO//kiEpCG/U4OIuAHqctqhGCkteebRpZfYx+VhofZQPiy2iro8mSpvp1zPzFslaww4T+yU5EGKqmd+t9ohjgPCFWZIyqZtRcpNkFAUMzLMtWJJIoT7qEuamnIUEOkm45uG8EArbdgJhX5cwbE6PZGgQMpB4OvOAKmenPVG4n9eM1adczehPIoV4XiyqBMzqEI4Cgi2qSBYsYEmCAuq/wpxDwmElY4xp0OwZ0+eJ065dFGya6f5ylWaRhbsgX1QADY4AxVwA6rAARg8gRfwBt6NZ+PV+DA+J60ZI53ZBX9gfP0CdSqZsw==</latexit><latexit sha1_base64="M49apz3FeNCMAYlt7nfS8BUpTn0=">AAACEnicbVDLTgIxFO3gC/E16tJNIzFBQ3AGTdQd6sYlREdIYJx0SoGGTmfSdkzIhH9w46+4caHGrSt3/o0FZoHgSZqce869ub3HjxiVyrJ+jMzC4tLySnY1t7a+sbllbu/cyzAWmDg4ZKFo+EgSRjlxFFWMNCJBUOAzUvf71yO//kiEpCG/U4OIuAHqctqhGCkteebRpZfYx+VhofZQPiy2iro8mSpvp1zPzFslaww4T+yU5EGKqmd+t9ohjgPCFWZIyqZtRcpNkFAUMzLMtWJJIoT7qEuamnIUEOkm45uG8EArbdgJhX5cwbE6PZGgQMpB4OvOAKmenPVG4n9eM1adczehPIoV4XiyqBMzqEI4Cgi2qSBYsYEmCAuq/wpxDwmElY4xp0OwZ0+eJ065dFGya6f5ylWaRhbsgX1QADY4AxVwA6rAARg8gRfwBt6NZ+PV+DA+J60ZI53ZBX9gfP0CdSqZsw==</latexit><latexit sha1_base64="M49apz3FeNCMAYlt7nfS8BUpTn0=">AAACEnicbVDLTgIxFO3gC/E16tJNIzFBQ3AGTdQd6sYlREdIYJx0SoGGTmfSdkzIhH9w46+4caHGrSt3/o0FZoHgSZqce869ub3HjxiVyrJ+jMzC4tLySnY1t7a+sbllbu/cyzAWmDg4ZKFo+EgSRjlxFFWMNCJBUOAzUvf71yO//kiEpCG/U4OIuAHqctqhGCkteebRpZfYx+VhofZQPiy2iro8mSpvp1zPzFslaww4T+yU5EGKqmd+t9ohjgPCFWZIyqZtRcpNkFAUMzLMtWJJIoT7qEuamnIUEOkm45uG8EArbdgJhX5cwbE6PZGgQMpB4OvOAKmenPVG4n9eM1adczehPIoV4XiyqBMzqEI4Cgi2qSBYsYEmCAuq/wpxDwmElY4xp0OwZ0+eJ065dFGya6f5ylWaRhbsgX1QADY4AxVwA6rAARg8gRfwBt6NZ+PV+DA+J60ZI53ZBX9gfP0CdSqZsw==</latexit>

All (****) resonances included
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N⇤ Mr [MeV] �r [MeV] Jr Lr BF⇡N

1440 1430 350 1
2 1 0.65

1520 1515 115 3
2 2 0.60

1535 1535 150 1
2 0 0.45

1650 1655 140 1
2 0 0.60

1675 1675 150 5
2 2 0.40

1680 1685 130 5
2 3 0.68

1710 1710 100 1
2 1 0.13

1720 1720 250 3
2 1 0.11

2190 2190 500 7
2 4 0.15

2220 2250 400 9
2 5 0.20

2250 2280 500 9
2 4 0.10

<latexit sha1_base64="FPUikO/9ufWpVVZmH+ELR99TmRY="></latexit><latexit sha1_base64="FPUikO/9ufWpVVZmH+ELR99TmRY="></latexit><latexit sha1_base64="FPUikO/9ufWpVVZmH+ELR99TmRY="></latexit><latexit sha1_base64="FPUikO/9ufWpVVZmH+ELR99TmRY="></latexit>

� Mr [MeV] �r [MeV] Jr Lr BF⇡N

1232 1232 117 3
2 1 0.99

1620 1630 140 1
2 0 0.25

1700 1700 300 3
2 2 0.15

1905 1880 330 5
2 3 0.12

1910 1890 280 1
2 1 0.23

1950 1930 285 7
2 3 0.40

2420 2420 400 11
2 5 0.10
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All (****) resonances included

!X

From CLAS data and fits

From Bonn model

https://userweb.jlab.org/∼isupov/couplings/
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!X

Duality in CLAS F2 data
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FESR cutoff dependence
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FESR variation with k

!X

 10

 100

 1000

 10000

 100000

 1x106

 1x107

 1x108

 0  2  4  6  8  10

FE
SR

 F
1

k

s = 10 GeV2, Q2 = 0

LHS
RHS


