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Supersymmetry

supersymmetry : SUSY Standard Model SUSY

» Symmetry between bosons and fermions uy ey ) 9) n) @@ ) 9,

+ Introduce superpartners for each SM particle d) (5)b) 7) HY d) (s) (b)) B°) oY,
= 17 I 17 r70

Minimal SUSY Standard Model : MSSM o) ) D 24 W)Wy Wy W)

+ Minimal extension of the SM = one superpartner ¢) ) (1) w) u) (e)m) T) wj) i

for each SM particle and two Higgs doublets Supmetry

Motivation of SUSY

@ Explains observed Higgs mass near the electroweak scale = Hierarchy problem

@ Unifies coupling constants at high-energy scales = Grand unification

® Lightest SUSY Particle (LSP) becomes a good dark matter candidate = Dark matter

SUSY in ATLAS and CMS Yuya Mino



Large Hadron Collider

Cumulative delivered and recorded luminosity

Large Hadron Collider : LHC

Public CMS luminosity information

C M S I LHC delivered: 300.62 fb™
CMS recorded: 277.16 fb™

350

Proton-proton collider with a circumference of 27 km

LHC Run 2 period (2015 - 2018) operated with a

(fo™)
W
S

Ity
N
o)
o

center-of-mass energy of 13 TeV

LHC Run 3 period (2022 - 2025) has started in 2022,

Total integrated luminos
o
o

increasing the center-of-mass energy to 13.6 TeV R R S N
Date
LHC High luminosity LHC

> <

140 fb-1 400 tbh-1 3000 - 4000 tb-1

SUSY in ATLAS and CMS Yuya Mino


https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults#2024_proton_proton_collisions_at

SUSY Searches in LHC ATLAS

EXPERIMENT

Strong production & Electroweak production in LHC SUSY production cross section in LHC

I I pp, VS =13 TeV, NLO+NLL - NNLO,pprox+NNLL

- : 104
- Large cross section - Small cross section

- Energetic jet activities - Small mass splitting = soft objects St ong
1072
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Different search strategies depending on mass spectra

- Various mass hierarchies predicted from <
5
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Broad program of searches targetting different production modes & final states
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Long Lived Particles ATLAS

EXPERIMENT

+ Many BSM theories predict new particles with long lifetime due to

@ Gauge mediation

f
yAR

@ lelted deC(]y phqse Spgce (D Pure Wino/Higgsino (@ Mini-split spectrum

@ Highly virtual intermediate states

® Small couplings

: : : T s HSCP epion B cpton
- Long-lived particles produce unconventional — i coare s mor
B anything
signhatures, which are extremely challenging disappearing ~ / displaced
track ~ 5 lepton
> Y A ..'
- MC simulations not accurate A
- Dedicated triggers are required -
displaced disp:ti(():re]d
> Require special reconstruction methods o - "
-~ Unusual backgrounds displced = R diplaced o of i decys
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STRONG PRODUCTION




Stop to Top/Charm + Missing Transverse Momentum oz 02 250 K NTEAS

t
- Naturalness arguments favour light stops (7, , 7z = 7 .7, ) D :
mMass eigenstate 7’5 ~0
1 X1
> Non—-minimal flavour violation extension of the MSSM considered -
- 7, can decay into a top or charm quark (7, — c 7! /¢ 7*) I;‘ ~ %
1
- Consider decays with on-shell top quarks (Am(7,, 7) > 175 GeV) b i
C

» Common event selection : top-tagged large-R jets, b-tagging working point
. : b-jet c-jet light-jet
b- or charm-tagged jets, large £ efficiency  misidentification —misidentification
- First exploration of sighature with top- and charm-jets /7% 20% 0.9%
c-tagging working point
- Analysis-specific charm-tagging algorithm (DLIr) eff?c;jee;cy b-iot rejection light-jet rejection
developed based on b-tagging algorithm (DLIr) 209 29 5
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https://link.springer.com/article/10.1007/JHEP07(2024)250

Stop to Top/Charm + Missing Transverse Momentum oz 02 250 K NTEAS

I I I I I
ATLAS Z+jets B Wi+iets
Vs =13 TeV, 139 fb™ tt Bl Others
B iz B Single-top
&b SM Total ¢ Data

m(f, %)=(900,1) = = = m(t,)=(700,400)
Emm m(t1,§Z1):(1000,100)

+ SRs targetting high mass splitting (compressed)

Bkg.-only Post-fit

regime, observe excesses/deficits but all within 2o

+ Stop mass excluded up to

- 800 GeV in high mass splitting regime

Significance

- 600 GeV in compressed regime

1
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https://link.springer.com/article/10.1007/JHEP07(2024)250

Stop Search with many Light Flavor Jets and Leptons

CMS-PAS-SUS-23-001

» Search for stop production in R-parity violating (RPV) and Stealth SUSY (SYY) models
- SYY : Hidden sector with mass degenerate scalar particle (S) and its superpartner (S)
- RPV : Lightest SUSY particle allowed to decay to SM particles (e.g. 7! — uds)

= These scenarios lead to final states without large missing transverse momentum

R-parity violating scenario Stealth SUSY scenario

Light flavor jet

top quark (= lepton)

Gravitino (but very soft)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-001/index.html

Stop Search with many Light Flavor Jets and Leptons

CMS-PAS-SUS-23-001

+ Final state : 2 top quarks + multiiple jets = Main background : 17 + jets
- Top quark pair production with jets from initial- and final-state radiation (ISR and FSR)

- Estimated by a data-driven method (ABCDisCoTEC method)

Distance Correlation : statistical measure of nonlinear dependence

Distribution of output scores from two NNs (S & Snn2)

ABCDisCoTEC method . o CMS simutation Preliminary 138 fb:1 (13 TeV) KDEsig5 KDEbkg
+ ABCD method requires two independent variables . ' I4 )
» Train two NNs with classifier loss term and . . 3
@ Distance correlation loss term (DisCo) 2
0.4 - : - 2 -2
@ Non-closure loss term
= NN scores forced to be independent N _1 )
00 0.2 0.4 0.6 0?8 1.0 ° °

SNN, 1
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-001/index.html

Stop Search with many Light Flavor Jets and Leptons

CMS-PAS-SUS-23-001

Lower boundary of output scores (Snn1 & Snn2) optimized for low- and high-mass
Good agreement between observed data and prediction by ABCDiISCoTEC method

- Stop mass in RPV (SSY) model excluded up to 700 (930) GeV

138 fb™' (13 TeV) 138 fb™' (13 TeV)

:8_ - CMS RPV '.g_ - CMS Stealth SYY
~ 10° = Preliminary = 0y (NNLO+NNLL) = 10° & Preliminary == o_. (NNLO+NNLL)
Q - - Q - o
o 102 = 95% C(;I;)upper limits o 102 = 95% CL upper limits
= —e— (QObserved = —e— (QObserved
- e Median expected L e Median expected
10 = 68% expected 10 = 68% expected
; 95% expected ; 95% expected
1= =
107" 107" &
107 102
:IlllIII|IIII|IIII|IIII|IIII|IIII|IIII|II :IllIIII|IIII|IIII|IIII|IIII|IIII|IIII|II
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
m-[GeV] m-[GeV]

Vertical dashed line : Transition from low-mass optimization to high-mass optimization ABCD boundaries
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-001/index.html

ELECTROWEAK PRODUCTION




General Search for Compressed SUSY _,...........

Compressed mass spectra motivated by Bino coannihilation, nearly pure higgsino etc.
- Small mass splitting leads to visible objects with low-momentum
Strategy to search for a wide range of potential sparticle signatures

- Require ISR jet to boost SUSY system and require large E™*

- Categorize events by number of leptons, jets, b tags and kinematic variables

Electroweakino production Slepton production Stop production

/ A t
~0 ‘f N = / ~ ¥ / ~0
p Xo .& ... % p f,,/ -------- X1 P e ® X1
S0 T ~el S0 T~~~ .0

~+ @ -t ~ ~ L. - -~ ...

p i c\\\ X1 p / \ X1 p : \ X1

W= low-momentum = soft objects (£~ t
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-003/index.html

General Search for Compressed SUSY _,...........

Event kinematic variable reconstructed with

Recursive Jigsaw Reconstruction (RJR) algorithm

@ Impose a decay tree on the events

@ Recursively iterate through rest frames

® Specify four-vectors of each frame

S CM .~ CM

Roo — ‘PI * P1sr
ISR — ‘—’CM
Pisr

If m; ~ mp , INVisible particles receive
out-sized momentum of the ISR kick

= R,sg S€Nsitive to mass splitting
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-003/index.html

General Search for Compressed SUSY _,...........

Sensitivity extended to higher masses especially in compressed mass regime
- Wino (Higgsino) limits extending to 300 GeV (180 GeV)
- Slepton limits extending to 275 GeV

Wino Higgsino Slepton
CMS Preliminary 138 fb"' (13 TeV) CMS Preliminary 138 fb™ (13 TeV) CMS Preliminary 138 fb™' (13 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-003/index.html

General Search for Compressed SUSY _,...........

Sensitivity extended to higher masses especially in compressed mass regime
- Wino (Higgsino) limits extending to 300 GeV (180 GeV)
- Slepton limits extending to 275 GeV 4= Limits extended to wide range of Am(Z, 7?)

Phys. Rev. D 109 (2024) 112001

CMS 137 (129) b (13 TeV) CMS Preliminary 138 fb™! (13 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-003/index.html

Compressed Higgsinos with Mildly-Displaced Tracks eusre... SYATLAS

132 (2024) 221801 EXPERIMENT

In the compressed Higgsino regime, 7 acquire a lifetime of order ¢z ~ 6(1) mm

+ ¥y decay produce tracks with increased impact parameters (do)

+ ldentify 7 decay tracks by requiring a “mildly displaced track®: S(d,) = | d,|/o(d,)

- Idea from the "cornering higgsino” paper [H. Fukuda et al., Phys. Rev. Lett. 124, 101801 (2020)]

Higgsino exclusion limits Schematics of the "'mildly displaced track’
40 June 2021 ,
r— T T T T T T T i\/ l I I I I l
S - N jet =0
() ATLAS Preliminary X
g 20 - Vs=13TeV,136 - 139 fb~" | 4 1
— s PP — X9X7, XaX3, X X7, X7 X7 (Higgsino)
oo 10- RN All limits at 95% CL E p 7
- N ° ] /
n - - AN — Observed limits - O /
~— B - = Expected limits T ~
P = - X /
= - = 1 /
& : /
< oL 3 i 7
P - - /
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i Disappearing track, arXiv:2201.02472, m(x3) = m(x9) i X 1 V4
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.101801
https://link.aps.org/doi/10.1103/PhysRevLett.132.221801
https://link.aps.org/doi/10.1103/PhysRevLett.132.221801

Compressed Higgsinos with Mildly-Displaced Tracks eusre... SYATLAS

132 (2024) 221801 EXPERIMENT

SR-Low SR-High

No significant data excess in all SRs

Observed data 35 15
SM prediction 37+4 14.8+2.0
° ° ~—+ ~O p
- ( 7t )
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W(— 1ev)+jets 9.6+1.6 2.0+0.6
with a maximum reach of 170 GeV in the chargino mass W(— mv)4jets 106£2.0  1.9+038
Others 32+0.7 0.8+0.4
Track S(d,) distribution Exclusion limits (overlayed with previous analyses)
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https://link.aps.org/doi/10.1103/PhysRevLett.132.221801
https://link.aps.org/doi/10.1103/PhysRevLett.132.221801

LONG-LIVED PARTICLE SEARCH




LLPs with Large lonization Energy Loss ,......c...

+ Heavy stable charged particles have a small relative velocity (B=vic)

- Can be detected by higher rate of ionization energy loss (dE/dx)

- Target : long-lived gluino, stop, stau particles & fourth generation lepton (z’)

/\

p . P
g@ip) E (LLP)
Long-lived -~
SUSY particles M =~ >)
gaLp) P T
p P

+ Two methods developed to cross-check any potential excess in the data

e

\—

@ A simple, very inclusive search = lonization method

@ More exclusive channel = Mass method
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/

LLPs with Large lonization Energy Loss ,......c...

Inclusive lonization method

FPixels GStrips
i .

Use two uncorrelated dE/dx discriminant

: : : Signal — | — |
measured In pixel & strip detectors
Background O-1 —0
13 : ' Strips
= Probability that a track is not a MIP (FF* & G>'
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/

LLPs with Large lonization Energy Loss ,......c...

Exclusive mass method

Mass of candidate particle can be calculated by approximating Bethe-Bloch formula

CMS Prel/m/nary

101 fb (13 TeV

Empirical
parameters

dE/dx estimate

IIII| Illllw|‘illllll| IIIIIIII| I

Events / bin

Probable value of dE/dx estimated

] éw IIIIIIII| IIIIIIIIi it

by squared harmonic mean

N

= Background

—— HSCP g (m=1600 GeV)
HSCP g (m=2000 GeV)_

(
HSCP T (m=557 GeV)
------ HSCP T (m=871 GeV)

I (1 A T A IIIIIIT/I

| - n
.
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|
J.LlllLl|| .I.lLlLl”l.

n=
=
= i )
=|
]

IIE—.—.‘:III
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.ﬁ

Values of K and C are determined using protons,

kaons and pions in data and MC for each year
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/

LLPs with Large lonization Energy Loss ,......c...

CMS Preliminary 101 fb™! (13 TeV) CMS Preliminary 101 fb™! (13 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/

Displaced Leptons o SIATLAS

EXPERIMENT

Gauge-Mediated SUSY Breaking model as benchmark Benchmark diagram £

- Long lifetime due to small gravitational coupling p

Performed search with full Run 2 + early Run 3 data
140 fb- 56.3 fb-!

+ Two approaches : ABCD analysis & EM-BDT analysis b

® ABCD analysis (Run 2 + Run 3)

LAr calorimeter timing

7
:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| IIIIIIII = -
3 ¢

—k
o

- Focus on dilepton events (ee, uy, ep)

- ATLAS Preliminary | CR data
o 4L Vs=136TeV, 563 ', EM-BDT ! ¢ SR data N
@ EM-BDT analysis (Run 3) QRS I
: e €€ (100-300 GeV, 10 ns) i £
107" = ' e &5 (100-300 GeV,30ns) =  §

- Focus on displaced e/y final states (le, ey, yy)

Normalized Events / 0.2 ns

- Electrons with no tracks will be reconstructed as photons

¢

- |dentify displaced (delayed) e/y using ML techniques i 1 E

- Use Liquid Argon (LAr) calorimeter timing as input
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http://cds.cern.ch/record/2905292

Displaced Leptons ATLAS

ATLAS-CONF-2024-011 EXPERIMENT
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10° 5

No significant data excess in all SRs

Improvement in sensitivity due to

smuon :New LRT-based trigger + better trigger acceptance in forward region

selectron : New LRT-based trigger + EM-BDT analysis
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http://cds.cern.ch/record/2905292

Compact Muon Solenoid

summary ATLAS

EXPERIMENT

L)

» Many new results published with full Run 2 data (Including many results not covered today)
- Large sensitivity improvement not only by statistics, but also by new analysis methods
- SUSY results with early Run 3 data are also starting to come out

- Run 3 ongoing with exciting developments that will enhance the discovery potential

ATLAS SUSY public results CMS SUSY public results

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary CMS Preliminary March 2024

July 2024 s=13 TeV .
y Model Signature  [£ae i Mass limit Ret Vs=13Te UDD, grtbs, mg = 2500 GeV g 2104.13474 (Jets with displaced vertices) 0.0006-0.09 m 140 fb-1
ode 9 ' ke B ' - eterence S UDD, g-tbs, m;=2500 GeV g 2012.01581 (Displaced jets) 0.003-1m 132 fb~!
33, g—qt) Oep — 28jets Ep™ 140 WG EXDeGEn] 1.0 1.85 m(¥})<400 GeV 2010.14293 & UDD, £-dd, m; = 1600 GeV i 2104.13474 (Jets with displaced vertices) 0.00035-0.08 m 140 fb~?
» mono-jet  1-3jets  EFS 140 |G [8x Degen] 0.9 m(g)-m(¥))=5GeV 2102.10874 Y . . ; 1
o 0 ) ; ~ o > UDD, t-dd, m;=1600 GeV t 2012.01581 (Displaced jets) 0.002-1.32 m 132 fb
S 2229t Oe,u 2-6jets EPS 140 z 2.3 m(¥})=0GeV 2010.14293 n " ! N
- . z Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293 5 LQD, t=bl, mi = 600 GeV t 1808.05082 (2 + 2 jets) <0.031m 36 fb!
B @ g—aaWh . Tep  26jets ) 140 |2 22 m()?:g)<600 GeV 2101.01629 (7] LQD, £-bl, m; = 460 GeV t 2110.04809 (Displaced leptons) 0.0001-10 m 118 fbt
<) 28, 8—qq(tOX; ee, 2 jets EF'S 140 4 2.2 m(X})<700 GeV 2204.13072 " o - . . » 1
5’ 22, FoggWZl Do T jets s 140 2 1.97 (i) <600 GeV 2008.06032 LQD, t=bl, m;=1600 GeV t 2012.01581 (Displaced jets) 0.005-0.24 m 132 fb
% SSe,u 6 jets 140 z 1.15 m(z)-m(¥})=200 GeV 2307.01094
c an o~ =0 -1 o miss = 7 ~ 9 - . .
= g g DA LA AN S 125 235 m(g)_:g‘lg;iggggzg 21106028 GMSB, §-gG, mg = 2450 GeV g 2012.01581 (Displaced jets) 0.006-0.55 m 132 fb7?
— o - 5 GMSB, g~—>g(§, mg=2100 GeV '] 1906.06441 (Delayed jet + MET) 0.32-34m 137 fb~!
8 2b EPSS 140 b 1.255 ¥ 2101.12527 . . - . .
brbn oH r 4 o 10Gev<Am P20 aey S0t 10207 Split SUSY, §-qdx?, m; = 2500 GeV g 2012.01581 (Displaced jets) 0.007-0.36 m 132fb7?
o5 bbb —b¥Y — bii) Oe,u 6b E%:::: 140 | by Forbidden 0.23-1.35 Am(TS, £)=130 GeV, m(¥1)=100 GeV 1908.03122 Split SUSY, §-qqgx?, ms =1300 GeV g 1802.02110 (Jets + MET) <lm 36 fb1
85, ar 2b B0 e Am(E2.T1)=130 GeV, miX1)=0 GeV 2103.08189 Split SUSY (HSCP), fyg = 0.1, mg = 1600 GeV g CMS-PAS-EX0-16-036 (dE/dx) 50.7m {13 bt
23 A, hoil O-leu  2ljet EN 140 | & 1.25 m(r)=1GeV 2004.14060, 2012.03799 " a
38 i nowd Ven 3o EFY 140 |4 e — mii?)-500GeV 2012.03799, 240113430 mGMSB (HSCP) tanp =10, 41> 0, ms =247 GeV % CMS-PAS-EX0-16-036 (dE/dx + TOF) S75m »|13b
S5 ni, f,—)‘?lﬁv, #1516 , 127 2jets/Ab EMS 140 |7 Forbidden 1.4 m(z)=800 GeV 2108.07665 (8) Stopped £, t-tx?, m;=700 GeV t 1801.00359 (Delayed jet) 60-1.5e+13 m 39 fp1
AR, Fiock) /e, ek Oe, 2 EP'SS 361 ¢ 0.85 ¥)=0GeV 1805.01649 N . . -
3 & Ao /8 Eodh 0 iﬁ mon;_jet Ehis Yo ;l 0.55 m(a,a)-mg,;:ge(iv 2102.10874 & Stopped g, §-qqx?, fzg=0.1, mg=1300 GeV g 1801.00359 (Delayed jet) 50-3e+13m 39 fb?
R, i), Wz Y 12eu  14bp  EMS 140 |7 0.067-1.18 m(EY=500 GeV 2006.05880 > Stopped g, §~qax3(uux?), fzg = 0.1, mg =940 GeV g 1801.00359 (Delayed pp) 600-3.3e+12m |39fb7!
hiy, h—h +Z 3epn 1b ENS 140 |7 Forbidden 0.86 m(¥})=360 GeV, m(7,)-m(¥})= 40 GeV 2006.05880 ‘g AMSB, x*-xIn*, my- =700 GeV = 2004.05153 (Disappearing track) 0.7-30m 140 fo~t
st=0 . 2 i miss o 0 =0 N . ~ = - . - . . _
XX viawz Multiple ¢/jets EDMi 140 | ¥ X 0.96 (¥1)=0, wino-b 2106.01676, 2108.07586 0 Oor txE-xn*, ms=1600GeV,m,o = 1575GeV y* 1909.03460 (Disappearing tracks + jets with M 0.11-10m 137 fb!
1z v e >ljet  ERS 140 | D 0.205 m(F mE)=5 GeV, wino-bino 1911.12606 g~->qqé(1 q“/iq‘”“xf X10 _)i( i M H X ( pp. y . ! o ) a1
T via ww 2e.u s qa0 | 0.42 m(@)=0, wino-bino 1908.08215 g-qx; or q'xi", Xi- =xin*, mg=2000 GeV, myo =1000 GeV i 1909.03460 (Disappearing tracks + jets with Mr,) 0.26—-2m 137 fb
1X1 g A 1 8 1)=0, - - -
TR via Wh Multiple ¢/jets BN a0 | BB Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586 Eotx? or byi*, Xy oxin*, mg=1100 GeV, my» =1000 GeV  x 1909.03460 (Disappearing tracks + jets with Mr,) 0:259m 1377
— XX vialy /v 2e,pu EYT"‘“ 140 % 1.0 m(Z,7)=0.5(m(¥;)+m(t})) 1908.08215 GMSB, X?—*HGGO%)/ZGN(SO%),mX =600 GeV XO 2212.06695 (Trackless jets + MET) 0.04-12 m 138 fb~1
X § #iot) 27 EDs 440 [FIIFRER] 0.35 0.5 m(¥})=0 2402.00603 O e N0 1 E o ! ! . o
WE 7 olig - 2eu 0 jets Eaf\.\ 140 |z 0.7 , mi)=0 1908.08215 GMSB, x?~HG(50%)/ZG(50%), mye = 300 GeV x2 2212.06695 (Trackless jets + MET) 0.05-24 m 138 fb
o ee. ppt > 1jet Ei\:: 140 ¢ 0.26 m(c).mui:'):mfiev 1911.12606 GMSB SPS8, x9-vG, myo = 400 GeV X0 1909.06166 (Delayed y(y)) 0.2-6m 77 fot
HH, H-hG(ZG qon B B N B 055 094 e oo GMSB, co-NLSP, /G, mj=270 GeV i 2110.04809 (Displaced leptons) 5e-05-2.65m 118 fb?
Oe,u >2large jets Eg‘:““ 140 H 0.45-0.93 BR(Y) — ZG)=1 2108.07586
Bew 2Rl EE140 0 ikl BRU — 26)-BRW] - 1G)-0.5 zeos1s072 HoZ0Z5(0.1%), Zo-Hitt, My =125 GeV, my = 20 GeV X 2205.08582 (Displaced dimuon) 5e-05-5 m 98 -1
D£&p\V.170), £p y My = , Mx = 5 -05—
Direct X1 X prod., long-lived X7 Disapp. trk  Tjet — EP 140 [¥} 021 0.66 o Puhre Wino 2201.02472 H-ZpZp(0.1%), Zp~uu(15.7%), my =125 GeV, my=5GeV X 2112.13769 (Displaced dimuon scouting) 0.0001-0.25 m 101 fb?!
- X X ure higgsino 2201.02472 o _ _ . - m 1
é § Stable # R-hadron pixel dE/dx E'r"?“ 140 - o108 220506013 H-XX(10%), X»ee, my =125 GeV, my =20 GeV X . 1411.6977 (Displaced dielectron) 0.00012-25m 20 fb~* (8 TeV)
T g Metastable g R-hadron, g—qgt" pixel dE/dx Episs 140 |2z [x(® =10ns] 22 m(?)=100 GeV 2205.06013 - H-XX(0.03%), X=Il, my =125 GeV, mx =30 GeV X 2110.04809 (Displaced leptons) 0.001-0.12 m 118 fb~t
S8 -6 Displ. lep EP™ 140 | &k 0.74 () =0.1ns ATLAS-CONF-2024-011 (] H-XX(10%), X~bb, my =125 GeV, my = 40 GeV X 2012.01581 (Displaced jets) 0.001-0.53 m 132 fb~!
3 ) , 7 0.36 (@) =0.1ns ATLAS-CONF-2024-011 = ’ - ’ . .
pixel dE/dx EPs 140 |7 0.36 w(?)=10ns 2205.06013 b~ H-XX(10%), X~bb, my =125 GeV, my = 40 GeV X 2110.13218 (Displaced jets + Z) 0.004-0.248 m 117 fb~t
2 9 h 2107.04838 (Hadronic d in CSCs) 0.12-450 137 fb~!
BT W ze—eee 3epu _ 140 | ¥[/¥] [BR(Z7)=1, BR(Ze)=1] 0.625 1.05 Pure Wino 2011.10543 $ H-=XX(10%), X=bb, my; =125 GeV, my =40 GeV X ) a rf)mc ecaysin s : m .
TEVT XS — wwzeeeew dep Ojets  EPS 140  [IH /RN =00 2 0] 0.95 1.55 m(¥%)=200 GeV 2108.11684 o H-XX(10%), X-1T, my =125 GeV, my=7 GeV X 2107.04838 (LLP decays in CSCs) 0.02-23 m 137 fb”
2z, gr—>%q/\7(|i; B = qqq GSIj_etls 140 |i& [[;n(,\?‘};:&;f ?e\glmso GeV] 1.6 2.34 ) Large A7), 2401.16333 %’ dark QCD, my,,, = 1500 GeV, my,,, = 10 GeV, agonstic Xdar 2403.01556 (Emerging jet + jet) 0.003-0.3m 138 fbt
S 07 i), X o bs ultiple 36.1 |1 [A,=2e4, fe- 0.55 1.05 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003 _ _ — : 1
AU > db 140 |7 Forbidden 0.95 m(E;)=500 GeV 201001015 dark QCD, My, =1500 GeV, Mg, =10 GeV, GNN Xgark  2403.01556 (Emerging jet + jet) <04m 138 fb
fif1, i1 —bs 2jets+2b 36.7 71 [qq, bs 0.42 0.61 1710.07171 H-XX(10%), X~bb, my =125 GeV, my = 40 GeV X CMS-PAS-EX0-23-013 (Displaced Jets Run3) 0.0005-2.5m 35fb~1(13.6 TeV)
iy, ii—qt 2e, 2b 140 |7 0.4-1.85 BR(7 —~be/bu)>20% 2406.18367 J ; -
171, fi=g e 26 L ., - ¥ SR el 20 240618367 HoXX(10%), X-dd, my = 125 GeV, my = 40 GeV X CMS-PAS-EX0-23-013 (Displaced Jets Run3) 0.0005-2.5m 35 fb! (13.6 TeV)
)?f/)zg/)??,;ﬁ’.zezhx,ﬂebm 1-2e,u  >6jets 140 | &} 0.2-0.32 Pure higgsino 2106.09609 H-XX(10%), X->TT, my =125 GeV, my =40 GeV X CMS-PAS-EX0O-23-013 (Displaced Jets Run3) 0.001-0.5m 35 fb~! (13.6 TeV)
1 1 1 1 1
-7 -5 -3 -1 1 3
. e . A 10 10 10 10 10 10
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV] ct [m]
phenomena is shown. Many of the limits are based on ) ) _ o - . — A . . .
simplified models, c.f. refs. for the assumptions made. Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Stop to Top/Charm + Missing Transverse Momentum oz 02 250 K NTEAS

+ 4 SRs defined to target different mass splittings Am(7,, 7?)

, Insure orthogonality using
~ - SRA : Bulk region .
R | = @O Number of top-tagged large-R jets
Ny - SRB, SRC : Intermediate region
= @ Stransverse mass (m,)
<
- SRD : Compressed region = Require ISR jet to boost neutralinos
Variable SRA SRB SRC
— Variable SRD CRttD | CRWD
Ntops _ . L1
(R = 1.0) > =0 > ETS [GeV] > 250
m12(J 3y 0> €) . pr(Jj1) [GeV] > 100
OV > 450 > 150 | [200,450]

Orthogonal selections Initial-state radiation jet (ISR) selection
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https://link.springer.com/article/10.1007/JHEP07(2024)250

Stop to Top/Charm + Missing Transverse Momentum oz 02 250 K NTEAS

Stransverse mass

+ Generalization of the transverse mass when there are two semi-invisibly decaying particles

mr2(Pr, Py D) = _, min qmax{mr( s Gr)s M (P, G7) 1}
qr+q9r=pPr

L px @ Decompose the missing transverse momentum () into two
p 5’1/ : . Ej% vectors and assign to each top- or charm-tagged jet
:\\ o, @ Calculate transverse mass for each top- or charm-tagged jet
D g t G @ Select trial vector which minimizes larger transverse mass
c _)% = ttbar background dramatically drop-off at the top quark mass
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https://link.springer.com/article/10.1007/JHEP07(2024)250

EXPERIMENT

LLPs with Large lonization Energy Loss ATLAS

Results using only pixel dE/dx information = Observed 3.6 ¢ (local) excess

» New analysis using both pixel dE/dx & calorimeter time-of-flight (ToF) information

pixel dE/dx pixel dE/dx + calo ToF chargino interpretation
6 JHEP 06 (2023) 158 6 ATLAS-CONF-2023-044 PR 0 ATL-PHYS-PUB-2024-009
> 1 O EFI I I I | I I I I | I I I I | I I I I | I | | |:§ CD 1 O EF [ [ [ | [ [ [ | [ [ [ :§ ;‘ 1 800 B . . ] _ ] ]
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o = m@ =22TeV, m(>~<1) =100 GeV, ©(g) = 10 ns + - . = = Inside mass cone + N - Iif 1400 - @  Stable charged Osus°v e
: 1 03 _ -r-m(x,)=13TeV, T(K) =10ns Serve — 1 03 — 7200 GeV,t=3ns — e - Vs=13 TeV, 36 fb", arXiv:1902.01636 theory
0 = ----m(T) = 400 GeV, ©(¥) =10 ns = = _-.T200GeV,t=30ns = S = Pixel dE/dx
o 1 02 L — Expected - 1 02 L ..%300GeV T =30 ns — Prediction - - 1200 [~ ¥s=13 TeV, 140 fb™", arXiv:2205.06013 _ _ _
= = g 3 = ’ 3 3 £ - Pixel dE/dx+calo ToF : . i
"E 10 = 5 = 10 — +_ s = g 1000 — Vs=13 TeV, 140 fb™!, This analysis : P
L - S 3 S [ S T CON & 3 = N ; S
1g = 1= [-9-- o B ! l !
= = = | + ...... - o] E — 800 - = L
107" k. = 107" N e .- - T T
10° E g 1o-2§ A | O B
1 0_3 | | | | | | | :J j | | | | l Lo L1 __L L | I . LE_ 1 0_3 J :_ l ! | | | | | L | 400 —_ 1 | | |
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https://link.springer.com/article/10.1007/JHEP06(2023)158
http://cds.cern.ch/record/2870112
http://cds.cern.ch/record/2899235

Compressed SUSY Results : Wino

ATLAS

EXPERIMENT

CMS Preliminary 138 " (13 TeV)
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SUSY in ATLAS and CMS
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Compressed SUSY Results : Higgsino ATLAS

EXPERIMENT

CMS Preliminary 138 fb™" (13 TeV)

July 2024 ATLAS Preliminary /s=13 TeV, 136—-140 fo~

T WL ~| R T T = _ 40 —— _ All limits at 95% CL
~y - > L | B Observed limits
D — = Expected limits
80 O, 20 - 0t 070 i koD
_— PP — XoX7 s XoX1> X1X1 » X1 X
70 Q < ) (Higgsino)
S = 10 e i 3¢ + Soft 2,
(b LN - y 3 m(x3) = m(x3) +28m(%y, X5)
Q) 60 g 5 B { 3 arXivi2106.01676 |
— — & 5 T S { arXiv:1911.12606
~~ ()] B '
?XF 50 Q. 4 L - e Displaced track,
- g— ............................................................. = 2.0 TeV m(x2) = M) +2Am(TE, ¥9)
Ji,x,_ 40 - o L - arXiv:2401.14046
N ‘ —_ - - .
c | O -7 s0Tev  |E 0.01 Disappearing track,
’ o oo = m(x3) = m(3)
< 30 % 1 e 0oty Jp 0 arXiv:2201.02472
| o)) - < 1E. &€ LEP2 { excluded
P 20.0TeV E Y7 exclude
20 0.5 F i ' E |
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Compressed SUSY Results : Slepton ATLAS

EXPERIMENT

100 CS Preliminary 138 b (13 TeV) 104 PP — fif g fi, gs i1 X3, bino LSP August 2023
,,'.‘ g il SR i ~ — EI rrrrr.Jrrr.r.prrrrjrrrr[ 1111 [ 1T T 11 |E
% - ATLAS Preliminary ap >’ +10=(2.5+0.5) x 10~° Al limits at 95% CL-
M S - V5-8-13TeV,203-140101 = ?ggﬁgf [?ng] i 2o Expected
: __________ ' > —~ B arXiv:1403.5294, Run 1 2¢ E= (60, 1.0. 1.0)
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Higgsino Searches by Collider Experiments ATLAS

EXPERIMENT

Compressed higgsino states explored by existing searches ( + )
. Leptons too soft to be reconstructed
. 77 lifetime is too short to pass enough inner detector layers

- New analysis method required to cover the compressed mass region ("Higgsino gap")

4 O June 2021
SOft 2—|epton ; ] T | T T T I I /r/ | | | | | |
D 20 ATLAS Preliminary
o) B /s=13TeV, 136 - 139 b
J q —~ .. PP — X955, X9 K47, 712 (Higgsino)
o L RN N
b 1 O £ e All limits at 95% CL
p q " - c N — Observed limits
= \ . .
- = Expected limits
* l o 5 r // ]
W = -
X1 ~0 <E] ] -
'''''''''''' X 1 2 i s } " ° ) "o
O Higgsino gap
o P — = :/ - e ———— —— s —_—
SN AR X(l) 1 | 3¢ + Soft 2¢, arXiv:2106.01676, 1911.12606, m(x3) = m(59) + 2Am(3%, %9) {
~( C 11 Disappearing track, arXiv:2201.02472, m(x3) = m(x°) ‘
X 2 * 05F LEP2 %F excluded
Z - == Theoretical prediction for pure Higgsino
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