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Overview of NP searches @ LHG:

e LHC is world’s most powerful facilities to push the limits of our understanding

of the universe at high energy frontier

e Searches covering most appealing directions of the new physics:

o HBSM: see talk from Jin Wang
o Exotics: see more details from R1F, TianaoWang, S7#XI], HA#E, YifanYang, f1TX], R
o SUSY: see more details from iHE 2, KE=R Big Questions

<
Q e
N BKG estimations Big
Finding signal regions - ———— Ideas
" Dedicated SRs are designed for targeting signal models to " Estimated directly from data events in control regigns (CRs): susy

enhance the signal sensitivity
Data-Driven (DD) methods e.g: ABCD, MxM an
" Different sets of SRs are designed to target at different phase FakeFactor methods

space (e.g: boost, compressed) Compositeness,

" Corrected by data in CRs Extra dimensions

" “Multi-bin” strategy is applied to maximize the exclusion power

* Estimations will be validated by comparing to data everts
e ; . . in validati i Extended
Best Cl.s value for each point are chosen from those inclusively in validation regions »
SRs Higgs Sector
o " Minor bkgs: Estimated directly via MC simulations
Top
Systematics estimations Partner
& s & . * Experimental uncertainties: 1
Statistical interpretations Wiz
" Uncertainties coming from the imperfection of the simulation, -
* With estimations of BKGs and data events in $Rs, obtained by all kinds of correction factors e.g: Lumi, pileup ... Minimal
excess or agreement could be seen Dark Matter
" Uncertainties coming from DD estimation methods
" 95% Cls exclusion limits will be drawn for targeted 1 . . Hidden
3 3 Theoretically uncertainties:
models on phase space if there is no excess observed Sector

" Uncertainties coming from the parameter choices of used MC

L/ sample e.g: renormalization and factorization scales, PDF ... Multiverse
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Exotic summary:

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Overview of CMS EXO results

August 2023
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Status: March 2023 [Ldt=(36-139)fbo V5 =13TeV oo,
Model {,y Jetst ET™ [rdii™'] Limit Reference o S
Pt
e
ADD Gk +8/9 1-4]  Yes 139 2 210210874 x> 001005
ADD non-resonant yy - - 37 HZNLO 1707.04147 it tmmondinet i
ADD QBH - 2j - 139 1910.08447 bt s Biom
/ADD BH multijet - 23j - 3.6 Mp =3TeV, rot BH 1512.02586 ek compostanes (], fan =1
e 4 h R 210213405 e
Buk RS Gk — WW/ZZ  multichannel 36.1 1808.02380 e Gt
Bulk RS gk — tt Ten 2152102 Yes 361 I Jm=15% 1804.10823 g
2UED/ RPP leu  >2b>3j Yes 361 Tier (1.1), B(A1 — ¢ 1803.00678
SSM Z' — (€ 2ep - - 13 L 1903.06248
SSM 2’ - 7 27 - - 86t 1709.07242
Leptophobic Z' — bb - 2 - 31 1805.09299
Leptophobic Z' — ¢t Oeu  21b,22J Yes 139 r/m=12% 2005.05138
SSM W’ — tv Ten - Ve foo 1906.05609
SSM W’ - v 17 - Yes 13 ATLAS-CONF 2021025
SSM W’ th 21b21d - 139 ATLAS-CONF-2021-043
HVT W' — WZ model 2/1J  Yes 139 2004.14635
BV W 2 W2 et modl © % il 2IVEP) vee 13 2207.03925 o
HVT 2’ - WW model B Ten 2j/1J  Yes 139 2004.14636 i
LRSM Wg — uNg 24 1J - 20 1904.12679 o e
Clqqq¢ 2j = 37.0 1708.08127
Gl lqq 2ep - - 13 2006.12045
Cl 2e 1b - 139 2105.13847
Cljapubs 2u 1b - 139 2105.13847
Clertt >tep  >1b>1j Yes 361 1811.02305
Axial-vector med. (Dirac DM) - 2j - 139 ATL-PHYS-PUB-2022.036
Pseudo-scalarmed. (Dirac DM)  Oe.u,7,y  1-4]  Yes 139 . &=1, m(y)= 2102.10874
Vector med. Z'-2HDM (Dirac DM) 0 e, 26 Yes 139 mtanf=1, g7208, m(y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a __ multi-channel 139 . m{x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1% gen 2¢ 2] Yes 139 2006.05872
Scalar LQ 2" gen 2p >2j Yes 139 2006.05872
Scalar LQ 3" gen 17 2b Yes 139 230301284
Scalar LQ 3¢ gen Oep  >2,>2b Yes 139 200414060
sealarms"’gen >2eu217>1,>1b - 139 210111582
Scalar LQ 3¢ gen Oeu,2170-2j,2b Yes 139 2101.12527
VectorLQ mlx gen mum—cnanne! 21}, 21b Yes 139 LAS- %
Vector LQ 3 gen 2eut1 2>1b Yes 139 230301294 e
VLQ TT — Zt + X 2ei2u/>3ep 21D 21 — 139 SU(2) doublet 221015013
VLQ BB  Wt/Zb+ X ‘multi-channel 36.1 SU(2) doublet om 0aata
VLQ Ts3Tss3/Tsis » We+ X 2(SS)/23eu21b,21j Yes 361 B(Tg3 = W)= 1, e( ToaWe)= 1 Il
VLQ T - Ht/Zt 139 SI(J(2) singlet, kr= 0.5 mascom: zoamw H
VIQ Y - Wb 36.1 B(Y = Wh)= 1, ce(Wh)= 1
VLQ B - Hb 139 I SU(2) doublet, 5= 0.3 AAS GNP anzt 018
VLT — Zr/Hr 139 SU(2) doublet 2308.05441
Excited quark g — qg 139 m only u* and d, A = m(q") 1910.08447
Excited quark * — qy 367 only u* and ', A = m(") 1709.10440
Excited quark b* — bg. 139 1910.08447
Excited lepton 7* 139 I A=4.6TeV 2303.09444
Type Ill Seesaw 234en 220 Yes 139 H 2202.02009
LRSM Majorana » 24 2j - 361 m(We) = 4.17TeV, &0 = gr 1809.11105.
Higgs triplet H** — W*W* 2,34 e,u (SS) various  Yes 139 ™ DY production 2101.11961
Higgs triplet H=* — (¢ 234eu(SS) - - 13 DY produ 2211.07505
Multi-charged particles - = o 139 D production, g = AYLAS-CONF 20224:34 ot pesr o RO
Magnetic monopoles 344 O production,lg| = 1go, spin 1/2 1905, Gt -,

1
107!

*Only a selection of the available mass limits on new states or phenomena is shown.

§Small-radius (large-radius) jets are denoted by the letter j (J).
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Exotic summary:

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2023 fL dt = (3.6-139) fb~! V5=13TeV
Model {,y Jetst ET™ [rdii™'] Limit Reference | S
r e
. ADD Gk +g/q Oepty 1-4] Yes 139 Mg I 1.2 T.l =% 210210874 bt e,
@ | ADD rnon-esonant yy 2y - - 367 |Ms 86TeV n—3HZNLO 1707.04147 e et i
£ /ADD Qf - 2j - 139 My, 9.4TeV 6 1910.08447 e 5B
L /ADD BH multijet - 23 - 36 My L] 9.55TeV Wn 1512.02586 .,M COmpOREness U, funm =
RS1 Gy =y 2y L 139 |G 45Tev 2102.13405 !!
g Bulk RS Gk — WW/ZZ  multi-channel 361 | G mass 23TeV 1808.02380
Bulk RS gk — tt e I 3.8TeV I 15% 1804.10823
2UED/ RPP Te 18TeV rir (1,1), B(A™ - 0= 1 1803.00678
SSMZ' — t¢ 2ep - - 51Tev L 1903.06248
SSM 2 —» 7. 27 - - " 2a27ev 1709.07242
Leptophobic Z* — bb - 2b = 21Tev 1805.09299
Leptophobic Z' — tt Oei 215,220 Yes 21 Tev r/m=12% 200505138 et
SSM W’ - £y Tey 6.0TeV. 5609 | ey
SSM W’ - 7v fir. 5.0TeV. ATLAS-CONF-2021-025 B ot o
§7 SSM W' — tb A ATLAS-CONF-2021-043
B HVTW - WZmode B gy =3
HVT W’ — WZ — (v £’ model G 3 et gven=1lg = 2207.03925
HVT Z* — WW model B eu 8v 2004.14636
LRSM Wg — uNg 2M Wg mass m(Ng) = 0.5TeV, g = gr 1904.12679

Clgqqq

Cl ettt
Axial-vector med. (Dirac DM)

Pseudo-scalar med. (Dirac DM)
Vector med. Z'-2HDM (Dirac DM

Pseudo-scalar med. 2HDM+a

Scalar LQ 1% gen
Scalar LQ 2 gen

Scalar LQ 3 gen 2b 230301294
C  ScalarLQ 39 gen en  >2j,>2b 2004.14060
= ScalarLQ 3" gen >2e,u, >| T>1],>1b 2101, 11582
Scalar LQ 3" gen 0 T 0-2j,2b 2101.12527
Vector LQ mix gen mu\l\—chaﬂne\ 21j,21b ATLAS-CONF-2022-052
Vector LQ 3" gen T >1b B(LQY — br) =1, Y-M coupl.
VLQ TT - Zt + X 2e2u>3eu >1b>1j - 139 |FFimass 1.46 TeV SU(2) doublet 2210.15413
L o viaBs > wyzb+ X multi-channel 361 | Bmass 1.3 TeV  SU(2) doublet 1808.02343
TS VLQ ToaTsslTss > Wet X 2(SS)23 e.;» >1 b21j Yes 361 |Tsamass .64 TeV.
SE ViaT-Hzt Ten  21023] Yes 139 |Tmass 18TeV ATLAS-CONF-2021-040
§ VLAY - Wb Ten ?\ b>1j Yes 361 |Y¥mass I 1.85 TeV. 1812.0734:
VLQ B - Hb ey 22631210 — 139 |Bmass 207TeV ATLAS-CONF-2021-018
VLL 7 — Zt/Hr mulichannel  >1j  Yes 139 [ +/mass 898 GeV SUte; doutiet 2308.05441
2 Excited quark q* — qg. - 2j - 139 |lgeimass: - 6.7 TeV monly v’ and ", A = m(q") 1910.08447
g g Excited quark ¢* — qy 1y 1j - 367 |q"mass 53TeV only u” and d", A = m(q") 1708.10440
8| Excited quark b — bg 1h1j - 139 |b¥mass 32TeV 1910.08447
Excited lepton 7* 27 22 = 139 7* mass. 4.6TeV I A=4.6TeV 2303.09444
Type Il Seesaw 234eu 321 Yes 139 |nomase H 2202.02039
LRSM Majorana » 2u 2j — 361 [Namass 32TeV. m(We) = 4.17TeV, &0 = gr 1809.11105.
& | Higgstriplet H** — W*W*  234.¢,u(SS) varous  Yes 139 [ H#mass 350 GeV ® DY production 210111961
g Higgs triplet H** — £ 234e, H (S8) = 139 + mass 1.08 TeV DY production 221107505
Multi-charged particles - - 139 mutii-charged particle mass TeV DY production, |q| = AATLAS-CONF-2022-034
Magnetic monopoles - - - 344 |monopolemass r‘ 237 TeV l DY production,lg| = 1go, spin 1/2 1905.10130
V5=13TeV  {5=13TeV 1 -
partial data full data 10 1 10 Mass scale [Tev]
*Only a selection of the available mass limits on new states or phenomena is shown.

+Small-radius (large-radlus) jets are denoted by the letter j (J)

cMS Preliminar

Overview of CMS EXO results

August 2023
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Compositeness searches:

e Explain if the current quarks or leptons are elementary or compositeness
e Search for excited states of quarks (g*) and leptons (I*)
e Excited states could be produced by Gauge Interactions (Gl) or contact

interaction (Cl)

Excited quarks

%109; T |5 Iy e
2 E ATLAS » Data E =Y r
w10 § Vs=13 TeV, 139 fb! —— Background fit % 04 1
10" Inclusive —— BumpHunter interval o E
10° ? o g% m.= 4 TeV 4 X L
10 E q*,m_ =6TeV _; §10—1,
10 9", ox10 = o
sE S p-value = 0.89 3 B
10°f . 3 102 N
10°E | B TS
10k r; s
1k E 107
107 E g% inclusive
g ETrH aL
¥ 107°E (s =13Tev, 1390
;23'1 - ATLAS
2

No excess
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R
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https://doi.org/10.1007/JHEP03(2020)145
https://doi.org/10.1007/JHEP06(2023)199

Additional vector hoson searches:

e Motivated by many BSM theories:
Sequential Standard Model (SSM), GUT, topcolour-assisted-technicolour (TC2), heavy

(@]

vector triplet (HVT)

e Rich phenomena behind according to different models

e | HC search for them by using resonant & excesses in the tails
Two-body final states with quarks or leptons: dijet, Il, Iv, and with ©
Diboson final states: VV, VH in FullHad, Lept+Jets
Final states with heavy quarks: Z’ to tt, W’ to tb, and ttZ’ to tttt

Contact interaction

O
O
O
o  Cl: bsll final state
resonant
\%4 Analysis final state  Observed lower limit on my- [TeV]
Zssm bb 2.7
ee+ uu 5.1
Wism qq 4.0
ev+ uy 6.0
v 5.0
Z'.// ee+ uu 45
Zic, f’_ 7 39
Ziuy bbbb 1.45
We(g'/g =1.0) th 4.6
Wiyt (model A) WZ — XXqq 39
Wiy (model B) WZ — XXqq 4.3
Wiy (model C) WZ — vt 34
Ziryr (model A) WW — {vqq 35
Z{1yy (model B) WW — €vqq 3.9

(2]
o

a
o

40

95% CL lower limit on A [TeV]
W
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n
o

o

JHEP 03 (2020) 145
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https://doi.org/https://doi.org/10.1007/JHEP04(2021)142

Additional lepton searches:

e Motivated by seesaw theories:

Type-I

(@)

(@)

(@)

Type-| with right-handed neutrinos

Type-Il with a scalar triplet

Type-Ill with fermion triplets

|y
o

ATLAS

PP = P

95% CL Limit on |V,u|?

0.1

Vs =13 TeV, 140 fb~!

[ss ]

—— Observed
—— Expected
B Expected 10

Expected +20

102

103

10%
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ATLAS

1073
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—— obs 95% CL
- exp95%CL
___EESr]

+20
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6 8 10
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_
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4

Electron channel

2304.09553

Neutrino oscillation

2304.09553

Vs = 13 TeV, 139 b, All limits at 95% CL

ATLAS Resolved 36 fb™!
JHEP 01 (2019) 016
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https://doi.org/10.1140/epjc/s10052-023-11915-y
https://doi.org/10.1103/PhysRevLett.131.061803
https://arxiv.org/abs/2304.09553
https://arxiv.org/abs/2202.02039

Vector-like lepton and quarks: EWE Flanck scalos

e VLQ: motivated from many composite Higgs models
e VLL: motivated from string theory, large extra D ...

vVLQ
Search Production mode Decay channel
Hadronic T search [136] Single T — Ht
Hadronic B search [135] Single B — Hb
Multilepton (single) [137] Single T — Zt
Multilepton (pair) [138] Pair TT — ZtVt,BB — ZbVb,V =W,Z H
High E'Tniss [139] Pair T—>VtorB—>Vb,V=W,Z,H
Lepton and jets [140] Single T — Ht, T — Zt
VLL o
2210.15413
— I e e o 16
i EAIQTLAS‘ T Iaﬁ ;‘I: i AL EEEELA S S SS S 1500;- < F ATLAS
S10%E (s=13TeV, 139 b e 4 3 14f- =13 TeV, 139 1"
2k X [ Is=13TeV, 139 b = C All-hadronic T — Ht
V:‘ F VL‘|)_ Doublet Model ... Theory (NLO) — Observed limit 1400 = E T singlet
T 10ges%eL Expected Limit = _ £ s e s
> F EXpeCted +106 + SU(2) singlet 1350 [7)] [ - - - Expected Limit (95% CL)
lf‘ 1 Expected+2 ¢ * (TiB)or(X;T)doublet % T ey
g E —— Observed Limit 1300 € = R Bpecteaszs T S e %
PPl ] — 08 T y R
107 1250 B vl Y.
F E f{\) sh e A .
102 = . L R R ..
F e B 0.4F
100y =
E 3 0.2
. ,2304.09553 | i
200 400 600 800 J1000 1200 B(T — Wh) m; [TeV]
excluded<d M I[GeV]



https://arxiv.org/abs/2303.05441
https://arxiv.org/abs/2210.15413
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Leptogquarks:

Could explain the similarity of the lepton and quark structure

Motivated by many BSM:
o  GUT, composite fermions, and SUSY
o Explain the B anomalies and mu g-2

Up and down type LQ searches separately

T T T
ATLAS
V5=13 TeV,139 fb~*

LOY - tv/bT
All contours at 95% CL

T T T
ATLAS
V5=13 TeV,139 fb~*

LQY > tT/bv
All contours at 95% CL

06 Observed Limit Observed Limit
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https://arxiv.org/abs/2401.11928

Lepton Elavour ViOIation: Neutrino oscillation
e Measuring the LFV precisely can probe the BSM (N and Z’)

107
’ M Q E R =y E
o //Z->LFV (HLFV will be covered by another talk) s PN S
1072 |:|Expectedi1c E
o Ztoemu, Zto etau, and Z to mutau with t_had and t_lep ;10_3:_ ) ?E;se;?fg,ﬁfg)_i
& E
ZLFV x
N 5
ZLFV ‘8_10 E ‘\[ I I " observed limit 3 ’210—57 -
— F ! - Expected limit = E
] 102k [ Expected + o 1 3. Amas 7 ]
Channel Upper limit on B(Z — ¢£’) I 7 NN §10 f if;lev’ e
eu 2.62x 1077 4 ] gt i 3 S TR |
eT (Thag and 74 channels combined) 50 x107° X exc Udedé m. TeVi
. = —_ 1 LI A e e e e
UT (Thag and 7 channels combined) 6.5 x107° §107¢ < "ém . : —gbse&veglllm'tf E
= E — r xpected limit ]
£ 1 oS B pesecs 2 -
010°¢ '\AFT"AS . E X F " ~LFV Z (NNLO) ]
° E Vs=13TeV, 139 fb E E, .
el [ Z->w b
m10—6||uIH‘|IH|.IH‘\HHIHHIH.. e
1 2 3 4 5 6 7 8 °
U s
excluded <« m, [TeV] il
a 1075;ATLAS ]
X F Vs=13TeV, 139 fb™
8 [ Z—>et b
2307.08567 Y SNIESI) MRS

excluded <« m, [TeV]


https://arxiv.org/abs/2307.08567

Hidden(dark) sector searches: R 0 vt

e Predicted by many BSM theories

e Particles in hidden sectors can only interact with SM particles via a mediator:

o Could be Higgs, new scalar, pseudoscalar, vector or axial-vector particle
o With small couplings leading to LLPs giving DPJ, muDPJ, caloDPJ, DV, and muDV

¥ =4 F
a and @ searches >} LAY ol f
oy

Dark photon through H portal

q
2107.06092 f
= 1E L S ) T ATLAS (March 2022) 13TeV 139 fb' Hidden Sector, m, =60 GeV
[£=) o —
ATLAS {5=8-13 TeV, 20.3-139 fb”" 2 o ATi.AS 253 2 °E ; " il Vi " " T Selected ATLAS results

w = — T FRVZ Model o Vs =13 TeV, 139 fb = E ! / / 3 95% CL observed limits
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Dark matter searches:

Dark Matter

e WIMP mass close to the electroweak scale and an interaction strength with SM

particles of the order of the weak interaction’s strength
e Can be produced at LHC

m, [TeV]

. . . . e V a
e Simplified DM models are used: 7 WVis g #
o  Through a vector, axial vector, pseudoscalar or Higgs portal
o  Composite stable particles coupled with hidden sector 7 Zon
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Dark Matter

particles of the order of the weak interaction’s strength : ‘
EX
o  Through a vector, axial vector, pseudoscalar or Higgs portal .

Dark matter searches:
e Can be produced at LHC
o  Composite stable particles coupled with hidden sector Mx _<x
q X

e WIMP mass close to the electroweak scale and an interaction strength with SM
e Simplified DM models are used:
Vector portal with a dark Higgs boson (s)
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Dark matter searches:

Dark Matter

WIMP mass close to the electroweak scale and an interaction strength with SM
particles of the order of the weak interaction’s strength

Can be produced at LHC
Simplified DM models are used:

o  Through a vector, axial vector, pseudoscalar or Higgs portal

o  Composite stable particles coupled with hidden sector

Pseudoscalar portal
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Charged LLPs:

Motivated from many BSM theories

Can have varied charge multiplicity Izl:
o  Multi-charged particles (MCPs): 2<|zI<7:

m Two doubly charged fermions, table
multi-charged technibaryons, long-lived
doubly charged Higgs bosons

m Like heavy muons with a higher specific
energy loss dE/dx in the pixel, TRT and
MDT

o Highly ionizing particles (HIPs): 20<IzI<100

m Strange matter, Q-ball, Dirac magnetic
monopoles

m HIlhitin TRT and custom HIP trigger
together with specific reco alg
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e For MCP:
o Models with 500 GeV masses

are strongly excluded
At 2 TeV, none of the MCP
models are excluded



Lower limit on M, [TeV]

Gravitons:

Motivated from extra dimensions:

o Arkani-Hamed, Dimopoulos and Dvali (ADD) model
o Randall-Sundrum (RS) model

If produced in the pp collisions, the KK graviton (GKK) escapes into the EDs

T T T T
14+ ATLAS -
[ Vs=13 TeV, 139 fo"' i
All limits at 95% CL
Expected limit + 20,,, ]
[ Expected limit + 1o,
[ - - Expected limit
e = Observed limit (£opopy )
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Number of Extra Dimensions

small gravity

RS GKK
Analysis final state Model  k/Mpianck Excluded mass range for mgy, [TeV]
bb RS1 0.2 <2.8
0%4 RS1 0.1 <4.5
Semileptonic 77 (36.1 fb-1)  bulk RS 1.0 0.45-0.65
HH — bbbb bulk RS 1.0 0.298-1.46
WW/ZZ — qqqq bulk RS 1.0 1.3-1.8
WW — lvqq +Z7Z — tlqq
ggF production bulk RS 1.0 <2.0
VBF production bulk RS 1.0 <0.76
Z7Z - Ul +ZZ — tlyy bulk RS 1.0 <1.83




Quantum black hole:

Motivated from extra dimensions:

(@)

(@)

Arkani-Hamed, Dimopoulos and Dvali (ADD) model

Randall-Sundrum (RS) model

Dijet resonant

small gravity

QBH could potentially be produced at the LHC if the energy is above the
fundamental Planck scale MD, decay into two-particle final states
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SUSY searches



Why SUSY:

e “SUSY is the most complete microscopic theory conceived so far to go beyond
the SM”:

o Can be used to compute any* observable quantity
o Contains the ingredients to deal with all/most issues that the SM cannot address
o “Supersymmetric models are extremely compelling theoretically”
e “SUSY is the most complete “LHC” of experimental signals conceived so far to

go beyond the SM”:
o Hard to find an experimental signature that can be attained in another model and cannot be
attained in SUSY
o Comes with “some” way to judge how likely it is the particular signal at hand
o Allows to derive the experimental implications of observing such signal

e Being “complete” in the theory and experimental sense:
o Can use it to stress-test the capability of your present (or future) accelerator+experiment
o Create a solid ground for exchange about reinterpretation/preservation of the searches




SUSY summary:

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2024 Vs=13TeV
Model Signature Lt [y Mass limit [ 1 Reference
Oep  26jels  Ep™ 140 185 L] mw'.«me.v 201014283
monojet 13jets ER® 140 |7 (3 Degen) 09 migmi v!’ GeV. 2102.10874
Oep  26jets B 140 2010.14283
Forbidden 1.15-1.95 201014263
Tep 26 jets 140 = m(T})<600 GV 2101.01629
ee.up 2jets  EPT 140 2 m(T)<700 GeV 2204.13072
Oep  7A1jels EFS 140 1. () <600 GeV. 2008.06032
SSeu  6jes 140 115 mu)wM 1=200GeV. 2307.01094
0den 3 EpM 140 = ®2as 1<500GeV. 2211.08028
SSeu 6l 140 125 mG) mM) 300Gov 1909 08457
3 Oen 26 B 140 255 I <400 Gov 210112527
068 10Gev<ambi|)<20 Gev 210112527
Oep 6b  Ep™ 140 Forbidden 0.231.35 Am(E2.11)=130 GeV, m(i})=100GeV 190803122
: 2r 25 BP0 013085 g u A 210308169
Oten 2l EPS 140 125 (-1 Gov 2004.14060, 2012.03799
Tew  Ss1s PR 140 Forbidden 1 n(})-500GoV 201203799, 240113430
g i 127 2esNb EPS 140 Forbidden 14 I m(m 800GeV 210807665
bS Oen 2c e as1 180501649
i Ocu  monojet EhE idg 055 i z),..w* Gov 2102:10874
12en  14b BV 140 0.067-W18 L] mE)=500Gev 200605880
Bep b EPS 140 Forbidden 0.86 m(¥})=360 GeV, m; jm(i?)= 40 GeV 200605880
TR viawz Multple £/jets £ a0 096 =0, wino-bino 2106.01676, 2108.07586
ceu  =ljet  ERM 140 0205 M7 )-m(E)=5 GeV, wino-bino 1911.12608
T va 20 £ a0 042 190808215
Multple ¢/jets 5 a0 Forbidden 106 . 2004.10894, 2108.07586
y P 140 10 1908.08215
27 B o |3 05 2402.00603
2eu  Ojets  EES 140 |7 o7 1908.08215
cepp >liet ER 40 |7 026 191112606
A1, [1-hG(2G Oep =3b  Ep™ 140 | B 094 BR(] hG)-! 2401.14922
4, Ojets £hm 10 | & 055 L - BR(EY 1 210311684
Ocu x2lagejels 4T 140 | ir 0.45-0.93 amx.
2ep  2jes EPY 40 [& 077 BRG] - 2)-8R(T) «»c)-of. 220413072
- '
Direct 711 prod., long-ived 17 Disapp.tk  1jet  EP* 140 | B 066 1 1 Pure Wino 2201 02472
i 021 Pure hggsino 220102472
§ Stable 7 R-hadron piel dE/ox B0 |& = %, 220506013
5  Metastable  R-hadron, g—»gq¥] pixel dE/dx EPs 140 | & @ =10ns] m(F})=100 GeV 220506013
§ £, 0-(G Displ. lep. = o |an o7 wh=01ns ATLAS-GONF-2026.011
¥ 036 (0)=01ns ONF 2024011
pirel dEidx s o |® 036 wh=10ns 220506013
3en Pure Wino 201110543
Gew  Ojets B mift-200 Gev 210511684
28jets Largo 11, 16333
Multiple: m(¥?)=200 GeV, bino-ike ATLAS-CONF-2018-003
>db m(E)-500 Gov 201001015
2jets +25 171007171
2ep 25 BR(—be/by)20% 240618367
i ov BR( )= 100%, cos6,-1 200311956
12eu  >6jets Pure iggsino 2106.09600
*Only a selection of the available mass limits on o states or 107! 1 M: I
enomena is shown. Many of the limits are based on lass scale [TeV]

simplified models, c.. refs. for the assumptions made.

CMS Preliminary June 2023

Overview of SUSY results: electroweak produ'tion
137 fb~! (13 TeV)
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pp > fyplym I 659
e i = 4t o FE—
0 200 400 600 800 1&: 1200 1400
mass scale [GeV]

Selectlon of bacrved Linite at 95% C.L. (theoey uncertalotos are not included). Probe o {he quoted rots il for ght LSPs unbess stated therwie.
The quantities AM and z represent the absolute mass difference between the the LSP, and the difference between the intermediate
et and:the LSP seative to AM. respechively, ualem Indicated otherwie

CMS Moriond 2021
Overview of SUSY r'sults: gluino pair prqduction
137 fb™! (13 TeV)

L
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BF(ZER3) = 211, 2= 05
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Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and o represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.




CMS Preliminary June 2023

Overview of SUSY results: electroweak produ'tion
137 b~ (13 TeV)
i .
PP — X2X1
PP — TIXE — £irtd — tvee95Q |20 Saessgn and 36 AEXIV2106.14346 I favour democratic, z = 05
2¢ same-sign and > 3¢: arXiv:2106.14246 Havour democratic, z = 0.05
| | 2¢ same-sign and > 3/: arXiv:2106.14246 - flavour democratic, = = 0.95
u PP — R9KE — 7wl — Tveti87Q |28 same-sign and 86/ arXiv:2106.14246 * enrched, 2= 05
30/m: arXiv:2106.14246 r+. =005
3¢/m,: arXiv:2106.14246 7 enriched, z =095
+ o cam =0 .= . L
PP — X9X; — ForF - TorTR9RS | 280 m arkivi2106.14246 7 dominated, x = 0.5
pp — X9%; — WHRIL? | 2¢ same-sign and > 3¢/, arXiv:2106.14246 I
1+4jets: arXiv:2107.12553
. - 08 WX: arXiv:2205.00597 .
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary e
July 2024 \5=13TeV Conb e UL
Model Signature  [Lar ('] Mass limit Reference PP — X3%i — WZx{x} | 2¢opposite-sign: arXivi2012.08600 l
Oep 2-6jets Er‘“\ 140 P 2010.14293 at w Y X 2T 0046,
@ monojet  1-3jets  EP™ 140 [Bx Degen] 09 2102:10874 2¢ and 3¢ soft: arXii:2111.06296 AM =5-10 GeV -
H o o e 0 WX arkiv05 0507 |
3 i
& Tep  26jets 140 2 miE})<600 GeV 210101629 =
: = Combinton: U5 2105
g &, Toee S s 1.97 i ceonone 2mmoc0ze PP — RORE/RITE E/A8 — (W /2*)73 | RSB0 arXiv:2111.06206 hiessino splifed mode, AM = 5-10 GeV -
= 28, gty 01 e 3b  EPS 10 Waas mii)<500 Gev 2211.08028
Ssci ks 140 125 =500 GoV To0s onas7 it
" P T = | e PP=Xa |
T o = i)<400Gov kot ok N . fte-aign: aEXiv1807.07700 ; -
y e 5 @ 99 Mgy =1 Gev (£=359 1)
g 068 e b PP = R > WR 3¢ opposite-sign: arXiv:1807.07799 A, — 1 Gev (£ = 359 1
g5 bbbt oen 8p Fotidden orsoss OB sonogizz O WK a XV 0500607 .
33 Glew >l 125 i1 Gov 2004 14060, 201203790 PP = T T — (iv/t5) — tv |2 OPOSIteSignE RV ISOT07799 BE() = 507, 2} 05 (€ =359 07")
2 Tew  3jetsith £ Forbidden 1. m¥)=500GeV. 201203798, 2401.13430 AALIAL o4
i 2h b ghw Forbiddon : y 2108.07665
2L i LBt ] 2, emeh]

2021

i, G126 e £ " B — 10 2u01.14022 . z . . .
G Gee e 3 0ss L . SR ey Overview of SUSY rfsults. gluino pair pr(lductlon
Oelu > 2large jots R i 0.450.93 BRE - 210807586 1
2ep >2je EPS it L g st o 220413072 137 fb~! (13 TeV)
. .
Direct £11; prod., longlived &7 Disapp.ttk  1iet £ 140 |8 066 1 1 Pure Wino 220100472
i 021 Pure higgsino 2201.02472 - gE
i e B — i pp — & l
" - 2 .
e & R-hadron, g4’ pixel dEfdx EPS 140 & @ =100s] ) m(F})=100 GeV 220506013 0 ['gps = 5
! Displ. lep PP 074 h=0.1ns ATLAS-CONF-2024-011 & — ttX7| 04 arXiv:1909.03460;1908.04722,2103:01290
¥ 036 Th=01ns RS GONF 2024.011 "
il R |- s | | o, A 16: arXiv:1911.07558 = .
Seu Pure Wino 201110543 2( same-sign and > 3/: arXiv:2001§10086
Gew  Ojets  Epe i*)=200 Gov 21011684 o -
>8jets Large 1y 2401.16333 g — bbX{|0¢: arXiv:1909.03460;1908.04722
S Multiple 00 Gev, bino-ike ATLAS-CONF-2018-003 o .
IS > b m(F7)-500 GoV 201001015 & = qq¥ Bvdis &
g - awoaors & — qqi? 0% arXiv:1909103460;1908:04722
26 5 SR G—bel20% 2406.16367 = SE /5 <0 | o7 arive =
T R i &~ qq(Xi/%8) — aa(W/Z)X] [0F aEXiw1008104722 | BEGEA) =2, 2 =0
TR 0 s, T b B » e higgsino 1 i i
YIRS, ) s, T -ob 12eu  >6jets Burs oo 2106009 2¢ same-sign and > 3(: arXiv:2001.10086 BF(%:%3) = 21, £ = 05
L L]
*Only a selection of the available mass limits on new states or 10! 1 Mass scale [TeV] 0 500 1000 1500 2000
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made. mass scale [GeV]

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and o represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.



Strongly produced SUSY:

squark-pair squark-gluino » stop-pair  _ P sbottom-pair _
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EWKIly produced SUSY:

Gaugino-pair

~ ~ ot ot -+
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RPV case: (prompt)
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Long-Lived SUSY:
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Beyond simplified model:
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Summary & Outlook:

e Summary:

o The Run 2 data have offered an unprecedented opportunity to search for answers to many of
the fundamental questions still open today in high-energy physics

o No significant excess of events in data observed

o Putting more stringent constraints on the phase space of models with applications of most
cutting edge techs and methods

o “Theorists are happy with our current search strategies”

m Targeting at specific final states and interpreting as wider as we can

e QOutlook:

“Leave no stone unturned”

Followed the “tiny trace” we saw

Go beyond simplified models

Reinterpretation & Preservation are the keys to the future:
m Build a bridge between experimentalists and theorists
m Necessary step for (Q)Al4Science
m A tool might change the search pattern for the future
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