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Potential search for direct slepton pair in /5 = 360 GeV at CEPC

Feng Lyu"' OJiarong Yuan'?, “/Huajie Cheng',

Xuai Zhuang"'

nstitute of High Energy Physics, Chinese Academy of Sciences, Yuquan Road 198, Shijingshan District, Beijing 100049, China
Mlniversity of the Chinese Academy of Sciences, Yuquan Road 194, Shijingshan District, Beijing 100049, China
'al)cpclrtml:nl of Applied Physics, Naval University of Engineering, Iiefang Blvd 717, Chaokou District, Wuhan 430033, China

NEBHE T

Abstract The center-of-mass energy of Circular Electron
Positron Collider (CEPC) could be upgrade to 360 GeV af-
ter its ten-year running at 240GeV as a Higgs factory which
can provides better opportunities for new physics scarches
besides SM precision measurements, This paper presents the
sensitivity study of direct stau and smuon pair production at
CEPC with /5 = 360 GeV by full Monte Carlo (MC) simu-
lation. With 1.0 ab™" integrated luminosity and the assump-
tion of flat 3% systematic uncertainty, the CEPC@360GeV
has the potential to discover the production of combined
left-handed and right-handed stau up to 162 GeV if exists,
or up to 150 GeV for the production of pure lefi-handed or
right-handed stau; the discovery potential of direct smuon
reaches up to 173 GeV with the same assumption. Given the
similar nature of the facilities and detectors, the results can
be a good reference for similar slepton pair searches in other
electron positron colliders with the same center-of-mass en-
ergies and target luminosities, such as Future Circular Col-
lider e e (FCC-ee)d and the International Linear Collider

(ILC).
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1 Introduction

Supersymmetry (SUSY) [1-7] assumes that each Standard
Maodel (SM) particle has its own superpartner, named as
sparticle, which has related spin is different by a half from
the corresponding SM particle. If R-parity [8] conservation
assumption is valid, then all SUSY particles are produced in
pairs and further decay to other SUSY and SM partiles, only
the lightest supersymmetric particle (LSP) is stable, which
is a good candidate Tor the dark matter [9, 10].

Among SUSY particles, two charginos (charged mass
elgenstates) and four neutralinos (neutral mass eigenstates)
are credted by the linear superpositions of charged and neu-
tral Higgs bosons and electroweak gauge hosons. Chirality
of the superpartner of a lepton (slepton) under SUSY system
is the same as the SM lepton’s chirality, and superpositions
of lefi-handed sleptons and right-handed sleptons form slep-
on mass eigensiates

Models with light sleptons are consistent with the dark
matter relic density measurements [11]. Further more, light
sleptons can take part in the coannihilation of neutralinos [12,
13]. Models with light smuons can provide some explaina-
tions of (g — 2], excess [14]. In gauge-mediated [15-17]
and anomaly-mediated [18, 19] SUSY breaking models, the
mass of sleptons are favor to be around 100 GeV level.

Direct slepton pair production were previously performed
at the Large Electron-Positron Collider (LEP} and the Large
Hadron Collider (LHC). Stan (smuon) masses below 86 -
96 (95 - 99} GeV are excluded by LEP when mass splitting
between stau (smuon) and LSP is larger than 7 (4) GeV [20-
25]. The slepton mass up to 700 GeV has been excluded by
ATLAS experiment with massless LSP ik?l [26]. while the
constrain is a bit weaker for the compressed slepton, which
only excluded up to 251 GeV for a mass splitting around
10 GeV [27). The similar results are set by CMS experi-
ment [28], and using 137 fb~! data. new CMS result [29]
updated slepton excluded masses up to 700 GeV for a mass-
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Table 1 Summary of selection requirements for the direct stau production signal region. AM means difference of mass between 7 and LSP

255 <|A¢(1,recoil)| <3.1

AR(z, recoil) <3.2
M:: <40 GeV
Myecon >180 GeV'

|41z, recoil)| <3.1
045<AR(z,7T) <17
AR(t,recoil) <3.15
M:: <25 GeV
Myeconr >280 GeV

SR-AM" SR-AM™ SR-AM
E- <40 GeV E <15GeV
sumPr >50 GeV sumPr >20 GeV

|4¢(7, recoil)| >2.3
AR(T,7) >045

AR(t recoil) <2.9
M:: <16 GeV

Mrecon >325 GeV

for direct smuon production signal regions with systematic uncertainty

for direct T production with systematic uncertainty of 0% and 5% as- 5[ 0% and 5% assumption
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Fig. 4 "N-17" distributions after signal region requirements for the di-
rect stau pair production. All signal region requirements are applied ex-
cept on the variable shown. The stacked histograms show the expected
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Table 2 The number of events in the signal regions for signal and SM backgrounds with statistical uncertainty for direct stau production

Process SR-AM" SR-AM™ SR-AM'
ZZorWW — TTvy 7947 1148 5946
164 5547 91+9
vZZsTr 16910 173410 17010
ZZ < TTIVV 246511 97+7 42:+£5
WW - ifvy 7547 9147 5246
VZ.Z - i 304 3445 16310
I - 1443 8147
ZZorWW - pavy 3745 59419 82422
ZZ — ppvy 1043 44417 2244
VW, W Ty 11849 11248 4145
VW, W s v 11549 2044 13
eeZ.Z— vvor evW, W — ev 10448 2544 1543
eeZ,Z—+vv 46£13 04404 -
vvH, H — anything 516 1843 6.5+£2.0
Total SM 1053425 760422 761422

= (160.50) GeV 1028421 15748 94420
=(160,110) GeV 984421 1053422 15148
60,150) GeV - 31412 1690427

Table 3 Summary of selection requirements for the direct smuon production signal region. AM means difference of mass between fi and LSP

SR-AM" SR-AM™ SR-AM'
Ey > 60 GeV Ey < 80 GeV
AR(p, recoil) < 2.8
My <87 GeV || GeV 95 < My, < 130 GeV
ecair > 100 GeV
Meura <15 GeV

1.9 < AR(p, recoil) <2.9
My < 80 GeV :
Moceoit > 340 GeV

Meara <10 GeV Meur <10 GeV

Table 4 The number of events in the signal regions for signal and $M backgrounds with statistical uncertainty for direct smuon production

Process SR-AM" SR-AM™ SR-AM'
ZZorWW — ppvy 333214 869-+23 194434
up 6446 U117 7847
VZ,Z i 1944 204411 4846
27 -5 ppvy 445 1048 88423
WW = fivy 646 M7 2244
3 11.0£258 Sl I lu 209412 1243
ZZorWW — tTvv 7.642.2 9848 38416
7Z - TTvy 10407 4145 60417
VZ,Z 1T . 67+7 12,5428
VVH,H — anything L7£12 2545 -
tibar 0.07£0.07 0.144£0.10
VW W = uv - -
VW Ty
eeZ L —vv
ecZ,Z —+ vvor VW, W — ev - - -
Total SM 524=18 250339 210£12
m(fiZ]) = (170.30) GeV 775411 8244 74411

m(@Z) = (170.100) GeV =14 192718 25406
m(fi,E{) = (170,165) GeV - 2310::20 2310220

- ﬁceﬂt on the variable shown. The stacked histoﬁrams show the ex—
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1 Introduction

Supersymmetry (SUSY) [1-7) assumes that cach Stand:
Model (SM) particle has its own superpartner. named
sparticle, which has related spin is different by a half from
the corresponding SM particle. If R-parity [§] conservation
assumption is valid, then all SUSY particles are produced in

nd further decay to other SUSY and SM partiles, only
the lightest supersymmetric particle (LSP) is stable, which
is a good candidate for the dark matter [9, 10].
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of d right-handed sleptons form slep-
ton mass eigenstates

Models with light sleptons are consistent with the dark
matter relic density measurements [11]. Further more, light
sleptans cantake partin the coannihilation of neutralinos 12,
13]. Models with light smuons can provide some explaina-
tions of (g — 2),, excess [14]. In gauge-mediated [15-17]
and anomaly-mediated [18, 19] SUSY breaking models, the
mass of sleptons are favor t0 be around 100 GeV level.

Dircct slepton pair production were previously performed
atthe Large Electron-Positron Collider (LEP) and the Large
Hadron Collider (LHC). Stau (smuon) masses below 86 -
96 (95 - 99) GeV are excluded by LEP when mass splitting
between stau (smuon) and LSP is larger than 7 (4) GeV [20-
25]. The slepton mass up 1o 700 GeV has been excluded
ATLAS experiment with massless LSP 47) 1261, while the
constrain is a bit weaker for the compressed slepton, which
only excluded up 1o 251 GeV for a mass splitting around
10 GeV (27). The similar results are set by CMS experi-
ment (28], and using 137 - data, new CMS result [2
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