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A theory to describe physics beyond the
Standard Model, with additional symmetry GUT scale™
introduced: fermions ~ bosons

by Andreas Hoecker
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If weak-scale SUSY existed, it could... g g
Moderate the hierarchy problem i i
Realize grand unification of gauge couplings| * | — =*
Provide a suitable dark matter candidate 1
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cross section [pb]

Where is SUSY hiding?

Hadron collider Lepton collider
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For slepton prod. of 100 GeV, similar scale in LHC (~10™-1 pb) and CEPC (~10"2 fb).
Lepton collider can be powerful to probe the low mass region.
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SUSY search in EU strategy
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The discovery power is constrained by the experimental kinematic limit: \/5/2.

Gap in low NLSP mass region can be probed by CEPC.
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- The electroweak SUSY search is of great interest at CEPC: the generic

| searches.
|

' With cleaner collision environment and better efficiency for low energy
particles, the search with CEPC has the capability of probing super
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SUSY topics in CEPC

A wide range of SUSY topics has been studied
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Wino-bino search via chargino pair
| Higgsino search via chargino pair
| Direct stau search
| Direct smuon search




Techniques in CEPC analysis

Ecm: 240 GeV Tunnel ~100km Luminosity: 5050 fb-1

CEPC detector concepts
- a particle-flow oriented detector equipped
with an ultra-high granularity calorimeter, a
low-material tracker and a 3 Tesla solenoid

Software:

- SUSY Signal sample: MadGraph+Pythia

- Standard Model MC sample: Whizard

- Simulation (particle/detector): MokkaC

- Track reconstruction: Clupatra

- Object reconstruction: Arbor(particle flow
algorithm)

- Lepton identification: LICH based on |
Multivariate Data Analysis (TMVA) —
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Muon ID in CEPC

eff(%)
S 8

98 [
96 |
94 |

92}

9o L

barrel1
] T
—electron .
—muon _
pion ]
ol N 1l :
10 102
Energy
barrel2
LR ]
[~ N
—electron -
—muon _
pion p
i Al
10 10?
Energy

eff(%)
= 3

98

96 |-

94

92

9o L

overlap
| Ll |
H /f::¥>:’—_-__ :
i —electron -
| —muon _
| pion _
o |
1 10 10°
Energy
endcap
1 T |
—electron -
[ —muon ]
3_ pion
| o |
1 10 10

Eur. Phys. J. C (2017) 77:591

Muon is the main object of
interest in the following
analyses. The identification
efficiency is :

~ 99.9% with energy
above 2 GeV;

<90% for energy below
1.3 GeV and at the edge
of the barrel region
(barrel2) or the overlap
region.



Wino-bino search

arXIV:2105.06135

A challenge scenario for LHC experiment in the low mass region!

wino-bino

m ‘ higgsino .+ .0 ~0
""""" X2 7X37X4

Study wino mass ranging from 90GeV (LEP
limit) to ~<120GeV(CEPC limit)

Signal generated with 100% BR of C1->W
Ref. Point: 100_1, 100_10, 100_25 with
cross-section (LO) = 2789 fb
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Events / 15 GeV

Wino-bino search

First look after two OS muons (EH>10GeV) selection
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Background: peak ~ Z(->mumu) mass region and tend to have large deltaR
Recoil system is then defined as all particles except two OS muons: signal
has larger recoil mass due to missing energy.
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Wino-bino search

Signal Region

== 2 muons (OS)
E,+ > 10 GeV
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* AR(p*,u™): reject Tt and pu

PHi > 30 GeV: suppress soft muon processes

- Mrecoil: high in signhal case due to large missing
energy from N1 -> most powerful cut
- Dominant background: ZZ or WW — uuvv and up
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Wino-bino search

CEPC Simulation
Vs = 240 GeV, 5.05 ab~!
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(b) systematic uncertainty = 5%

Fill in the LHC challenge region.

No large impact from the uncertainty on the discovery sensitivity.

Great discovery sensitivity coverage, up to the detector constraint.
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Higgsino search

arXIV:2105.06135

Motivated by Naturalness; challenge in compressed region.
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Events / 0.25 GeV

Higgsino search

First look after two OS muons (EM>1GeV) selection
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- Unlike wino-bino case, the higgsino signal has much softer muons
while much larger recoil mass!
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Higgsino search

Softer muon due to small signal mass splitting

Signal Region
—= 2 muons (OS) - AR(u,recoil): retain signal/suppress background
E,+ >1.0GeV .11 :
30 < A‘lt?(ui,recoil) 46 |AD (1L ,.u )| <1.4: .su?r.)ress two Tnuons.back to back
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Ap(ut,u7)| < 1.4 the wino case due to higher missing energy
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Higgsino search

ete -xTxT, X1 ~W=x3, W=-vl*(Higgsino LSP)
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(d) systematic uncertainty =5%

Nice discovery sensitivity coverage, up to the detector constraint.

Interpreted in both u-tanf3 and C1-dM scenarios.

According to the current result, there are large potential to explore
to even compressed region!
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Smuon search

Favored by muon g-2 excess. Explore soft smuon in CEPC.
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i ‘< - Xt - Slepton decay into a lepton and a LSP with 100% BR
et
E - Ref. Point: 115_20, 115_70, 115_110 with cross-section (LO) = 23.6 fb
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Smuon search

SR-highDeltaM

SR-midDeltaM

SR-lowDeltaM

== 2 muons (OS, both energy >0.5 GeV)

E, > 40 GeV
AR(u,recoil) < 2.9
M, <60 GeV
M, ecoit > 40 GeV

9 GeV< E, <48 GeV

1.5 < AR(u,recoil) < 2.8

My, < 80 GeV

- 3 SR categories according to
different mass splitting
- For large dM, high u energy

Mecoit >220GeV + For small dM, high Mrecoil
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Smuon search
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atic uncertainty = 0% and 5%

Great discovery sensitivity coverage, up to the detector constraint.

With flat 5% systematic, the discovery sensitivity can reach up to 117 GeV
in Smuon mass.

Fill in the LHC challenge region. No large impact from the uncertainty.
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Stau search

Favored by dark matter relic density measurement. Explore soft stau in CEPC.

+ - Sighal sample designed in T and LSP mass phase space

- T mass is bounded by LEP/CEPC limit; LSP is bounded by the T mass
- Stau decay into a tau and a LSP with 100% BR

* Ref. Point: 115_20, 115_60, 115_100 with cross-section (LO) = 23.6 fb
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Stau search

SR-highDeltaM

SR-midDeltaM

SR-lowDeltaM

E. .+ <34 GeV
sumPr >70 GeV

2.4 <|A¢(t%, recoil)| <3

sumPr >40 GeV
- 0.2 <|Ad(7,7)| <1.2

E.+ <15GeV

|A¢(T,7)| >0.6
|A@ (1=, recoil)| >2.3

0.4 <AR(t,7) <1

0.4 <AR(1,7) <1.6

AR(T%,recoil) <3.1

M. <50 GeV
M recoil >90 GeV

M, <40 GeV
M, ,..q >130 GeV

AR(T=, recoil) <2.9

M‘L’T <18 GeV
M, >210 GeV

> 9 lrlll|!|rll-|lll-|ll|v !l-llll-llll > 9 ] | | ll]'lll
® 10 o 10°: -
O . CEPC Simulation ﬁtsTM fota .f:"zrfg_’” O - CEPC Simulation ier o .fic;f: 3
2 10 E 5-240Gev,50520" gy 0 — ©  107E Vs =240 GeV, 5.05 ab’ - — E
E 107 = vZ,Zup P -g 107 _E vZ Z-up P —;,
q:) ZZorWW-up 1 ZZ5up o - ZZorWW-up [ ZZoup ]
S 10° B evW Wty evW, Wy Ll>J 108 E B evW,Wotv evW.Wouv =
- : W cezZvw or evW Worev [l eeZ.Zswy = B cez.zvw or evW, Woev [l eeZ.Zsvv -
10 , lel,H—yrt) (115, 20) GeV 105 - | vwH Hortrt =
w— u (M, M) = {175, ° = w—w (M, M) = (115, 100) GeV R
10* g 4. SR-lowDeltaM Mg mg) = ) .
10 .
10° E
102
10
1
N s OF
e — — —
%9 5 10 15 25 30
M‘t‘[

- 3 SR categories according to
different mass splitting

- For large dM, high T energy

- For small dM, high Mrecoil
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Stau search
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(a) systematic uncertainty = 5% (b) comparison between system-
atic uncertainty = 0% and 5 %

For direct stau production with left-/right- combined(only) stau, assuming
flat 5% systematic uncertainty, the discovery sensitivity can reach up to
116 GeV (113 GeV) in stau mass.

Great power to fill the LHC gap!
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Summary

Various prospective searches for sleptons and
electroweakinos have been performed with CEPC.

The discovery potential is high, close to the kinematic
limit of the detector: \/3/2.

The results can be referenced by other lepton colliders
as ILC, FCC-ee etc.

A lepton collider is not just a precision-measurement
machine, it has the discovery advantage in many
challenge scenarios which can be difficult for a hadronic
collider.
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VuVuH,
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Vy u
z z
Z u z Vu
e H e Vi
e - V[J e'f' Vp
z
H Vi
W
z 7 17
z
e Vi e H

Some combinations could come from both Z and W boson,

the corresponding processes form the mixing samples.

6.23 ww lOll

Different flavor between lepton and neutrino.
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3 The two fermions background

There are two different topological structure of two fermions Feynman diagrams. One is in s-channel,
like in Fig.2, the other is in t-channel, shown as Fig.2. The t-channel can be classified still further
according to its intermediate state. The information about the two fermions samples is listed in Tab.6.

Table 6: The cross section for the 2 fermions background
Process Cross section [fb] Error [fb] ILC result [fb]

uu 9995.35 23.2 10110.43
dd 9808.71 25.7 10010.07
cc 9974.20 28.9 10102.75
ss 9805.39 74.7 9924.40
bb 9803.04 25.5 9957.70
qq 49561.30 120.0 50105.35
eZe2 4967.58 35.0 4991.91
e3e3 4374.94 10.5 4432.18
bhabha 24992.21 41.50 24937.95

It should be noted that the two fermions samples are generated under the averaged polarization.

e*(2) e”(4) e (2) e*(3)

e (1) e*(3) e (1) e (4)

Figure 2: The diagrams of the two fermions processes



Events /0.1 GeV
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

June 2021 Vs =13 TeV
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Fig. 8.14: Summary of 20 sensitivity reach to pure Higgsinos and Winos at future colliders.
Current indirect DM detection constraints (which suffer from unknown halo-modelling uncer-
tainties) and projections for future direct DM detection (which suffer from uncertainties on the
Wino-nucleon cross section) are also indicated. The vertical line shows the mass corresponding

to DM thermal relic.




- TECHNICAL DETAIL

About CEPC

Software

Dominant backgrounds:

ECM=240GeV, higgs factory, 100 km circumference, 2 interaction points.
ILD-like detector

Signal samples: MadGraph+Pythiag
Simulation: Mokka

Reconstruction: Marlin
Normalized to 5050 fb~?!

» SM processes with two-e or two-u or two-r and large missing energy final states.

process Cross Section [fb]
Hu 4967.58
T 4374.94
WW - £¢ 392.96
ZZorWW — uuvv 214.81
ZZorWW - tTwv 205.84
VvZ,Z = up 43.33
ZZ = puvv 18.17
VZ,Z =TT 14.57
ZZ - vy 9.2
vwWH,H = 11 3.07
evW, W — uv 429.2
eviW, W = v 429.42
eeZ,Z - w 29.62
eeZ,Z = vorevW, W = ev 249.34

Preshower

DCH Rout = 200 cm

DCH Rn 30cm

| Detector height 1100 em

CalRin = 250 cm

Cal Rowt = 450 cm

Yoke 100 cm

.
Magnet z = + 300 cm
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The 4t Conceptual Detector Design >

Solenoid Magnet (3T / 2T ) Advantage: the HCAL absorbers act as part

Between HCAL & ECAL of the magnet return yoke.
Challenges: thin enough not to affect the jet
resolution (e.g. BMR); stability.

Muon+Yoke PFA HCal

B — N —
5 A A

Transverse Crystal bar ECAL

Advantage: better %y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
maintain good jet resolution.

Drift chamber
that is optimized for PID

Advantage: Work at high luminosity Z runs

Challenges: sufficient PID power; thin enough
not to affect the moment resolution.

Si Tracker Si Vertex 32

+ requirement & hardware studies
& Innovative software developments;
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Key parameters of the CEPC-SPPC

e Tunnel~ 100 km

« CEPC (90 — 250 GeV)
- Higgs factory: 1M Higgs boson

» Absolute measurements of Higgs boson width and couplings
» Searching for exotic Higgs decay modes (New Physics)
- Z & W factory: ~1 Tera Z boson

* Precision test of the SM
* Rare decay
- Flavor factory: b, c, tau and QCD studies

. SPPC (~100 TeV)

- Direct search for new physics

- Complementary Higgs measurements to CEPC g(HHH), g(Htt)

* Heavy ion, e-p collision... COmPI emen tary

16/8/2021 HEP - CPS 2021
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