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* Introduction to Dark Matter & dark photon

* Previous results from LEP (Large Electron Positron collider)
* Dark photon at LHC (Large Hadron Collider)

* Dark photon at CEPC (Circular Electron-Positron Collider)

 Conclusions



Dark Matter

The Standard Model 1s the best existing
description of the sub-atomic world

Standard Model of Elementary Particles

three generations of matter
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Dark Matter

The Standard Model is the best existing The SM does not explain some important
description of the sub-atomic world physical phenomena, 1n particular the existence
of the Dark Matter.
Standard Model of Elementary Particles

three generations of matter
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Dark Matter search strategies

* Direct detection:
galactic DM (like WIMPs) colliding with underground targets

made of ordinary matter |
PC

* Indirect detection:
search for the products of annihilating DM

* Production at colliders:
* search for mwvisible particles at colliders

* indirect search for DM through the presence of mediators




Dark photon

No evidences of WIMPs = investigate
other models: hidden dark sector

o, (x-nucleon) [cn?]

107 = Dilepton

fs=13TeV, 36.1 fb"
JHEP 10 (2017) 182

== Dijet
Dijet ¥s = 13 TeV, 37.0 fo"!
PRD 96, 052004 (2017)

107

Dilepton
107%

1 0—40 CRESST IlI T Dijet TLA¥S = 13 TeV, 29.3 tb”!
3 i PRL 121 (2018) 0818016
— EmISS+X
a1 U —— —miss
10 — T +X
\ ET 1y ¥S = 13 TeV, 36.1 fb'!
—42 . Eur. Phys. J. C 77 (2017) 393
107 E DarkSide-50 E™jet Y5 = 13 TeV, 36.1 b
E JHEP 1801 (2018) 126
—-43
10 — CRESST IlI
arXiv:1711.07692
—44
10 — XENONA1T
arXiv:1805.12562
—45
10 — PandaX
PRL 117, 121303 (2016)
—46
10 = DarkSide-50

arXiv:1802.06994

—LUX

PRL 118, 021303 (2017)
| Phys. Rev. Lett. 116, 161302 (2016)

1 10 102 10°
m, [GeV]

Vector mediator, Dirac DM
107% g9,=0.1,9,=001,g =1

ATLAS limits at 95% CL, direct detection limits at 90% CL
gl n PR S T N A | " PR T T R

107*

https://atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/ CombinedSummaryPlots/ EXOTICS/



Dark photon

No evidences of WIMPs = investigate
other models: hidden dark sector

* interacts predominantly via gravity

* extra unbroken U(l) gauge group [1]

* mirror electromagnetism

* massless dark photon y

* interactions SM-y are suppressed
* one possibility 1s Z — Yy

[1] M. Fabbrichesi, E. Gabrielli, and B. Mele, Phys. Rev. Lett.
120, 171803 (2018), arXiv:1712.05412 [hep-ph]



Dark photon at LEP (already published)

CERN Accelerators

N * BR(ete™ » Z - vy + X) studied and
analysed 1n [2]
e LEP:
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Dark photon at LHC (this study)
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Dark photon at LHC - selection cuts

* List of cuts that maximises the ratio
between the signal and the background
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Background




Dark photon at LHC - results

The 95% CL limit on the branching ratio ~ Assuming an uncertainty on ErIFniSSZ 1% and

can be approximated as on p%ZO.S% (c=3.7%0) the upper limit on
_2 ENY. BR is found to be 1.51 :10* for LHC and
BR = Svb + (c-b)?, 3.96 -10° for HL-LHC,
where
* 518 the number of signal events fonf” :
Eaof. LHC _
* b 1s the number of background events - o — 4
* ¢ is a factor introduced to parametrise the to0g Scaled by 4 factor
total systematic uncertainty on . .
background ogyst = €+ b o
Assuming only statistical uncertainty (c=0), .
the excluded BR is ~3:10®, higher than the .
LEP limat.



Dark photon at CEPC (this study)
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Dark photon at CEPC - selection cuts

e List of cuts that maximises the ratio e List of cuts that maximaises the ratio
between the signal and the background between the signal and the background
at Vs=240 GeV at Vs=91.2

E, > 113 GeV E, > 40 GeV
Mg > 159 GeV Mt > 36 GeV
Iny| <09 Iny| < 1.5
No charged particles in the final state No charged particles in the final state




Dark photon at CEEPC - results

The 95% CL limit on the branching At Vs=91.2 GeV, the excluded BR is
ratio can be approximated as 3.35:101% lower than the LEP limit.
BR = 3\/59 The contribution of a possible systematic
S luminosity uncertainty is estimated to be
where ABR=0.0002-101°.

* 51s the number of signal events

CEPC
s =91.2 GeV
8 ab Elect+ey

* b is the number of background events .

At \s=240 GeV, the excluded BR is .
7.2:107 lower than the LEP limit. .

The contribution of a possible .
systematic luminosity uncertainty 1s

estimated to be ABR=0.004-10-". -

Scaled by a factor 1 <10
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Conclusions

* Extra U(l)p gauge group mediated by a “dark photon™
* /. — YY process 1s studied

* Excluded branching ratios are found to be:

BR (Z — Y¥)
LEP 10-6
LHC 1.5-10
HL-LHC 3.3-10°
CEPC (240 GeV) 7.2:107
CEPC (91.2 GeV) 3.4-10-10




Conclusions

* Extra U(1)p gauge group mediated by a “dark photon”
* /. — YY process 1s studied

* Excluded branching ratios are found to be: Join the Dark Side....
we have chocolate cookies!
BR (Z — vy)

LEP 10-6

LHC 1.5-10#
HL-LHC 3.3-10
CEPC (240 GeV) 7.2:107
CEPC (91.2 GeV) 3.4-10-10
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Fxclusion lmits 1n the presence of large background

* 7: the significance for rejecting the hypothesis of s = 0

. __ Ngps—b _ S
In case of s+b large Z = NI

* If b has a systematic uncertainty Vb — \/ b + Ggyst

* S = Spgp=1 * BRand ogy5t = C- b
 The 95% CL means Z=2:




