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Light (MeV-GeV) mediator (to dark sector) searches
are recently very active (utilizing various
current/future accelerator & fixed target experiments)
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Some Low energy discrepancies
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Mediator to Sub-GeV dark sector

e For gauge interaction,
U1)p,U(1)p-r,U(1)r,—r,,U(1)B-3L;, -

In this study, We utilize J/Psi
production and its decay
process to probe light vector
boson and its interactions
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Light (MeV-GeV) mediator (to dark sector) searches *

are recently very active (utilizing various
current/future accelerator & fixed target experiments)
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Model & ballpark parameters

* The interactions of the X boson with the SM fermions f are introduced by

the effective Lagrangian: B
LD —eX, Y epfy'f
f

* For the one possible interpretation of ATOMKI anomaly in the transitions
of *Be*/*He prefer: g, + 4] ~ 3.7 x 1073

* For the couplings to first generation quarks, the constraint from NA48/2
for 70 — X+ requires protophobic condition: |2¢, + 4] < 8 x 107*

» Taking both relations into account, we finally get the preferred value for
up-type and down-type quark couplings: ¢, ~ +3.7 x 1073, ¢, ~ F7.4 x 1073

* The coupling to the leptons, especially to electron, are stringently constrained
by the beam dump experiment SLAC E141, the anomalous magnetic moment

of the electron (g —2):  42x107* < |e,| 14 x 1073



Three options using J/Psi
for search of light vector bcoson X

e Search for light vector boson at BESII! w_ /o
T/ — neX — neete” €Ee Ec

e Search for light vector boson at Belle Il (prompt) ﬁ
e e = LT T/p(=nX = neeTeT) (U=epn) €, €,

e Search for light vector boson at Belle Il (displaced) *
e et = J/p+X(—ete ) - Ce
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Three options using J/Psi
for search of light vector bcoson X

fi J/p — n.X — neete €e Ep |

"« Search for light vector boson at Belle Il (prompt) ﬁ
e e = LT T/p(=nX = neeTeT) (U=epn) €, €,

e Search for light vector boson at Belle Il (displaced) *
e et = J/p+X(—ete ) - Ce




Search for X boson at BESIII
 BESIll is a resonant machine BES]]I

for J/Psi production

» BESIII have (currently) collected N/, ~ 10" \\//
1

 With the target integrated luminosity, The goal of BESIIlis /V/y ~ 10*
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Search for X boson at BESII|I |

e BESIIl is a resonant machine
for J/Psi production

» BESIII have (currently) collected N, ~ 10"

 With the target integrated luminosity, The goal of BESIIlis /V/y ~ 10!
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Search for X boson at BESII|I |

e BESIIl is a resonant machine
for J/Psi production

» BESIII have (currently) collected N, ~ 10"

 With the target integrated luminosity, The goal of BESIIlis /V/y ~ 10!
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Search for X boson at BESIII
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Three options using J/Psi
for search of light vector bcoson X

e Search for light vector boson at BESII! w_ /o
T/ — neX — neete” €Ee Ec
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Search for X boson at Belle i
(prompt search)
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Signal

With the design integrated luminosity L = 50 ab™! we estimate /V ;¢ = 1.75 X 107
events for eTe™ — v* + J/U — (T4~ J/V

2
S=Lxo(ete” =" J/V) x Br(J/¥ — n.Xx — nete”) ~28.2 (186_2)
B=Lxo(eteT =0 0" J/¥) x Br(J/V — noyx — neete”) ~ 1772
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Search for X boson at Belle i
(prompt search)
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Search for X boson at Belle i
(prompt search)

Cuts B S

Just required all final Processes 776’}/* — Ncee ﬁcX — Ncee
state leptons

o be within 100000 100000
EC}. barreltregior\

Ee| > 06 GeV Baseline Cuts 7170 6290
|Eet| > 0.06 GeV mnC’ S 200 Mev -071 6219
(M) mx| <2 MeV 377 5880

2012.04190 [hep-ph], K. Ban, Y. Jho, Y. Kwon,

¢ SenSItIVIty I—Imlt _ S. C. Park, S. Park and P.-Y. Tseng
Luminosity 50 ab~! 100 ab~! 200 ab™!
el > 1.76 x 1072 > 1.48 x 1072 > 1.24 x 1072

Covering ATOMKI desired region of €.
-> Not easy to be achievable even with
L =200 ab™* of J/psi data in the prompt search.
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Three options using J/Psi
for search of light vector bcoson X

e Search for light vector boson at BESII! w_ /o
T/ — neX — neete” €Ee Ec

e Search for light vector boson at Belle Il (prompt) ﬁ
e e = LT T/p(=nX = neeTeT) (U=epn) €, €,

L eel = J/p+X(—ete) Ce N
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Search for X boson at Belle |l
(displaced vertex search)

 The X boson can be boosted from the process efe= — X + J/¥ and travels
several millimeters before decaying into e*e™ in the Belle Il detector.

@ Beam Direction

ete” > X+ J/U —ete +J/U

cf) M. Duerr, T. Ferber, C. Hearty, F. Kahlhoefer, K. Schmidt-Hoberg and P. Tunney, JHEP 304 2002, 039 (2020)



Search for X boson at Belle |l
(displaced vertex search)

« The X boson can be boosted from the process ete™ — X + J/¥ and travels

several millimeters before decaying into e*e
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S. C. Park, S. Park and P.-Y. Tseng L =50ab !
£0/1074 8.0 7.0 5.0 4.0 3.0 2.0 1.0
Baseline Cuts(%) 17.6 17.6 17.6 17.6 17.6 17.6 17.6
2mm < dgy; < 8mm(%) 1.6 5.3 12.3 12.9 7.4 2.3 0.5
Ng 14.6 35.7 42.7 28.7 9.23 1.28 0.07
Sp—01 > 5o 2.20 0.40
Sp—1 > bo 1.60 0.90
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Constraint for minimal DP-type model "
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Conclusion

Search for light (MeV-GeV) gauge interaction is recently very active in both
theoretical and phenomenological side.

We study three options which are related to J/psi meson in BESIII and Belle |l
experiment.

In BESIII, the expected data with the goal integrated luminosity can fully cover
hadronic couplings suggested by X17 scenario and its protophobic constrained
region.

In Belle 1l, the prompt search can provide important information about light vector
boson although it cannot beyond the current limits from previous searches.

In Belle Il, using the displaced vertex of the signal process, we expect the
expected limit can cover a wide region of unexplored parameters, when we have
a clear systematics in the 2-8mm of the transverse flight length of displaced
vertex.
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cf) Constraints from
D-meson decays

B
H *

NA48/2

\

ES _ 2 1% «
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cf) DP search using
D-meson decays at LHCDb

1509.06765 [hep-ph]
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Displaced vertex/possible
bkgs at Belle Il

1. Darect radiative lepton and meson pair production with two additional initial or final
state radiation photons (eTe™ — eTe y(v),eTe” = uTu v(v), ete” = a7 (7)),
where one of the photons is out of the detector acceptance,

2. photon conversion v — eTe~ from direct radiative electron pair production (eTe™ —
(eTe”)yy) where both primary electrons are out of detector acceptance, or from
radiative photon pair production (eTe~ — (7)) where one photon is out of accep-

tance,

3. meson decays, e.g. ete” = ¢y, 0 = KY(K?), K — ntn—.

cf) M. Duerr, T. Ferber, C. Hearty, F. Kahlhoefer, K. Schmidt-Hoberg and P. Tunney, JHEP 304 2002, 039 (2020)



Displaced vertex/possible
bkgs at Belle |l

1. 0cm < Ryy < 0.2cm: The vertex location is very close to the nominal interaction
point. We expect prohibitively large prompt SM backgrounds.

2. 0.2cm < Rzy < 0.9cm: The vertex location is inside the beam pipe, but outside
of the interaction region. We expect excellent vertex reconstruction efficiency and
negligible SM backgrounds.

3. 0.9cm < Ry < 17cm: The vertex location is inside the region covered by the VXD.
We expect very good vertex reconstruction efficiency, but a sizeable background from
photon conversions due to the material in this detector region. The estimation of
the background is beyond the scope of this paper. We expect that selections based
on the invariant mass of the lepton pair, or opening angle requirements of the two
leptons could reduce the background significantly and this region could be included
in a future analysis also for electron/positron final states.

4. 17cm < Ry < 60cm: The vertex location is outside the VXD but inside the CDC.
We expect that loose selections on the invariant mass of the lepton pair, or open-
ing angle requirements of the two leptons, can reduce the background from photon
conversion to a negligible level.

5. 60cm < Ry,: The vertex location is inside the CDC but the tracking efficiency is too
low, or the vertex location is outside of any tracking detector acceptance.

cf) M. Duerr, T. Ferber, C. Hearty, F. Kahlhoefer, K. Schmidt-Hoberg and P. Tunney, JHEP 304 2002, 039 (2020)



Physics process Cross section [nb] Selection Criteria Reference

T(459) 1.110 = 0.008 - 2]

U/L__L(’y) 1.61 - KKMC
dd(~) 0.40 - KKMC
ss(y) 038 - KKMC

—) ) KKMC

;— (MC stat.) 10° < (9: < 17007 BABAYAGA.NLO

E > 0.15GeV
ete () 74.4 pe > 0.5GeV/c and e in -
ECL
vy () 4.99 +0.05 (MC stat.)  10° < 6% < 170°, BABAYAGA . NLO
EZ > 0.15 GeV
Yy () 3.30 E, > 0.5GeV in ECL -
ut () 1.148 - KKMC
u () 0.831 pu > 0.5GeV/cin CDC -
ut =y () 0.242 pu > 0.5GeV in CDC, -
>1v (Ey>0.5GeV)in ECL
7 () 0.919 - KKMC
vir(7y) 0.25 x 1073 - KKMC
ete ete” 39.7 & 0.1 (MC stat.) W > 0.5 GeV/c? AAFH

ete putu~ 18.9 = 0.1 (MC stat.) Wee > 0.5 GeV/c? AAFH
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Pion misidentification bkg
for low E (<0.6GeV) electrons
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End of slides



