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QOutline:

* General strategy for searching SUSY
> SUSY searches in run2
> Towards to run3

> One more thing...




Why SUSY:

> Despite the huge success of the SM theory, physics Big Questions » .
. . 2 (2 %, ‘o 3
beyond SM is strongly motivated: Big %‘%% «Z;fo-% %, 4'% 45, =3 5, %, :
eas - % - s ¢ % Q
> hierarchy problem, dark matter, quantum e ;
Compqsitene_;ss, -g_
description of gravity, the GUT e.t.c... @ dmensions 3
Extended (
Higgs Sector s
To )
> Supersymmetry (SUSY) extend the SM and connect pariner Z
. . . . Wiz .
SM Fermions & Bosons with their super partner into a . 3
. Dark Matter o
set of super-multiplets Hidden 3
i 3

> Solving hierarchy problem if only soft breaking of

supersymmetry (mass constraint within TeV scale, N
could be produced in the LHC)

> Provide stable DM candidate (Lightest-SUSY-
Particle) if R-parity is conserving (RPC)

PR — (_ 1)3B+L+2S

> Including graviton & gravitino needed for the
GUT...




General strategy of searching SUSY:

Dozens of analysis team covering all aspects of SUSY scenarios and models: further separated via final states
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General strategy of searching SUSY:

ot BKG estimations
Finding signal regions * Dominant bkgs:

" Dedicated SRs are designed for targeting signal models to " Estimated directly from data events in control re Qns (CRs):

enhance the signal sensitivit Y
? / " Data-Driven (DD) methods e.g: ABCD, MxM and

" Different sets of SRs are designed to target at different phase FakeFactor methods

space (e.g: boost, compressed) Corrected by data in CRs

Multi-bin” strategy is applied to maximize the exclusion power * Estimations will be validated by comparing to data eve .

Best CLs value for each point are chosen from those inclusively in validation regions

SRs " Minor bkgs: Estimated directly via MC simulations

D RS e Tt et e mcnc —————GsnnssERAREY
Systematics estimations

" Experimental uncertainties:

Statistical interpretations

" Uncertainties coming from the imperfection of the simulation,
" With estimations of BKGs and data events in SRs, obtained by all kinds of correction factors e.g: Lumi, pileup ...

excess or agreement could be seen
Uncertainties coming from DD estimation methods

" 95% CLs exclusion limits will be drawn for targeted
models on phase space if there is no excess observed

m N L. . .
Uncertainties coming from the parameter choices of used MC

sample e.g: renormalization and factorization scales, PDF ...

" Theoretically uncertainties:

W‘m
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General strategy of searching SUSY:

The SUSY group structure

SUSY WG

(Higgs WG W ( New since June \
( SIAneea - ' 40 analysis teams, each with
HDBS WG (combinations, DM) ‘ analysis team [l | analysis team [EEE—_._ i
S. Argyropoulos, Z. Wang typically two contacts (wiki page).
a Y
Strong+Summaries Electroweak Rie2 .
. (gluinos, squarks, combinations) (charginos, neutralinos, sleptons) S
Exotics WG B. Latour, L. Heinrich, T. Potter D. Kéck, S. Carra (GiiatoR: PSS Vet b
UEH RPV/LL Background forum CP Liaisons
(long-lived & more) (R-parity violation & long-lived) (Bkg modelling, SUSYTools) e/gamma: E. Ballabene
E. Thomson, K. Di Petrillo M. Holzbock, M. Hank Muons: L. Bruce
b-tagging: L. Osojnak
\ Taus: Y. Liu
LLP forum SUSY Conveners ;’;'t:/'MKETT: ?1 Lunday
UEH&RPV/LL conv. J. Montejo, S. Alderweireldt Sy Les UL
Ge R ML: S. S. Gurdasani

MC production: Y. Liu, N. Khang

Derivations: |. Siral, S. Huang
Trigger: K. Nagano, P. Kontaxakis
\Upgrade studies: J. Long

Contacts

Analysis Preservation: M. Feickert

Cross sections/Feynman diagrams: J. Mamuzic, J. Shahinian HistFitter: J. Long

HepDATA: F. Gravilli, M. Zhai
R22: E. Gramstad
Exotics liaison: J. Burr

R ;
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urrent searching results:

CMS Moriond 2021
Overview of SUSY results: gluino pair production
137 fb™! (13 TeV)

PP — 88

g — ttxy

ATLAS SUSY Searches* - 95% CL Lower Limits

August 2023
Model Signature  [Ld:t ('] Mass limit
PO S0 Oe 2.6 jet: Emiss 0
L G N jets ! 140 1.85 m(¥7)<400 GeV
g monojet  1-3jets ERS 140 | g [6xDegenl 09 @ m(it)=5 Gev
£ 82 2oqat Oe. 26jets EMS 140 | @ 2.3 )=
S & 3ot M J T 4 _m(F1)=0GeV
] z Forbidden 1.15-1.95 m(¥})=1000 GeV
‘% Tepu 2-6 jets ) 140 z 2.2 m(¥})<600 GeV
o ee, ppt 2jets  EP™ 140 |2 2.2 m(¥})<700 GeV
B Oep  7-11jets EMS 140 |z 1.97 m(E}) <600 GeV
% SSe,u 6 jets 140 4 115 m(g)-m(¥})=200 GeV
= 0-1eu 3b  EP® 140 |z 2.45 m(E?)<500 GeV
SSe,u 6 jets 140 |z 1.25 m(z)-m(¥})=300 GeV
biby Oe,u 2p  EPe 140 B, 1.255 m(f})<400 GeV
by 0.68 10 GeV<Am(b, X1)<20 GeV
25 bbb SbEY — bt Oe,u 6b  EF™ 140 |3, Forbidden 0.23-1.35 Am(T3,7})=130 GeV, m(¥})=100 GeV
s % 27 2b w140 | By 0.13-0.85 Am(¥3,%9)=130 GeV, m(¥})=0 GeV
§§ fiii, -t} Oteu  2ljet  EP™ 140 |7 125 m(F)=1 Gev
c S A Wbt Teu Bjets/tb EFS 140 |7 Forbidden 1.05 m(E})=500 GeV
S5 Aih-Tby, 551G 127 2jetsb EPS 140 [ Forbidden 1.4 m(71)=800 GeV
O ST S e s Oe.u 2¢ BP0 361 |e 0.85 m(¥})=0GeV
B Ocu  monojet ERs 4o |7 0.55 m(i.)-m(¥)=5 GV
111, iy, X9—Z/h) 12epu 1-4b  EP™ 140 |7 0.067-1.18 m(¥3)=500 GeV
hir, bl +Z Beu 1b Epse 140 B Forbidden 0.86 m(¥))=360 GeV, m(7,)-m(¥})= 40 GeV
)‘(,*)?2 via Wz Multiple ¢/jets ) Emiss 140 | /0 0.96 m(t})=0, wino-bino
ee, it > 1jet Eﬁ"“ 140 )2% )?2 0.205 m(¥i)-m(t})=5 GeV, wino-bino
XX viaww 2e.p E?f“ 140 | ¥y 0.42 m(#)=0, wino-bino
VS via Wh Multiple ¢/jets EPS 140 | XXy Forbidden 1.06 m(¥})=70 GeV, wino-bino
. K vialy v 2eqn EPS 140 |7 1.0 m(Z,7)=0.5(m(¥})+m(t}))
2§ ool 27 Ep™ 140 |ENERFRDIINeEa 048 m(E?)=0
WS 7 piig, I-C0) 2eu Ojets  EF 140 |7 0.7 m(E)=0
ee, ip >1jet  EMs 140 |7 0.26 m(@)-m(¥})=10 GeV
HH, H—>hG/2G Oe.p >3b Bt 140 |7 0.94 BR(YY — hG)=1
dep Ojets  Ep™ 140 | g 0.55 BR(Y) — ZG)=1
Oep >2large jets E fss 140 i 0.45-0.93 BR({| — ZG)=1
2eu >2jets EMS 140 | & 0.77 BR(Y! — ZG)=BR(¥) — h()=0.5
Direct ¥¥7 prod., long-lived ¥7 Disapp. trk ~ 1jet  EFs 140 x 0.66 Pure Wino
Xy 0.21 Pure higgsino
« .
§ % Stable g R-hadron pixel dE/dx EPS 140 z 2.05
&E  Metastable z R-hadron, g—aqqt) pixel dE/dx EP™ 140 | & [*(®) =10ns] 2.2 mp?‘,’)_=1 00 GeV
S S -6 Displ. lep EMs 140 | &0 0.7 w0 =0.1ns
~ . & 0.34 () =0.1ns
pixel dE/dx Epe 140 7 0.36 (0)=10ns
)?f/\-/f/)?? Xzt e ' 140 Pure Wino
YLV IS - wwyzeeeery dep Ojets  EP™ 140 m(¥1)=200 GeV
28, g%, X - qqq >8 jets 140 225 Large 1)),
> T, i—t¥) X} = ths Multiple 36.1 m(¥})=200 GeV, bino-like
& if, i—b¥T, Xt — bbs >4b 140 Forbidden m(¥1)=500 GeV
iy, fi—bs 2jets +2 b 36.7 0.61
hiy, i—>ql 2e.p 2h 36.1 0.4-1.45 BR(7) —be/bu)>20%
1u DV 136 1. BR(7, —q)=100%, cost,=1
T IV, 0, —tbs, XT —bbs 12ep  6jets 140 | 0.2:0.32 Pure higgsino
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

>

No significant excess observed yet

>

BTY, 2/30 excess are normal in SUSY searches

" Up to ~2.5/1.2/1/0.7 TeV §/G3,q4/7/l got excluded

g — bby?
g — qq¥?
& — qa(i/X9) = aa(W/Z)x9

BF(YE:x9) = 2:1, ¢ = 0.5

0 500 1000 1500 2000
mass scale [GeV]

CMS (preliminary) Moriond 2021

Overview of SUSY results: squark pair production
137 fb~! (13 TeV)

pp — tt
t—tx?
t = bii —» bW =
t— (t%9/b%; — bWRY) = =
t - b’ AM < 80 GeV (max. exclusion)
t — bif — bff'R AM <80 GeV (max. exclusion), = 0.5
toc? AM < 80 GeV (max. exclusion)
T = bRE - bul - butx?
pp — bb
b by
b = tiF = tW=g? Mgy =50 GeV.
pp — a4
a—a}
0 250 500 750 1000 1250 1500 1750

mass scale [GeV]

CMS Preliminary June 2023
Overview of SUSY results: electroweak production
137 fb! (13 TeV)
S0+
PP —* X2X1
PP = X9X; — kL — IR ~
PP = X9 — Fubl — Tl
PP — X3 — v = TorTRIRY
PP — X954 — WH 3¢/ arXiv:2106.14246
1ejets: arXiv2107.12553
(0 WX: arXiv22030957
| Combination: SUS-2L008
PP — 80— WZY
:2111.06296 AM = 5-10 GeV
(06 WAX: arXivi2205.00507
Combination: SUS-2L.008
PP — X9X: /XN X3 /38— (WH/Z)RY arXiv:2111.06296 higgsino simplified model, AM = 5-10 GeV
Stox
PP~ X1 X1
PP G S W 112¢ opposite-sign: arXiv:1807.07799 a, =1 Gev (£ =359 17")
|06 WX arXiv:2205.00507
PP — Vi i, i = ([,,/,g,;) — il BF(iv) = 50%, =05 (£ =359 ")
pp — U
pp = Iy riyr. D — 18
. L . L L .
0 200 400 600 800 1000 1200 1400

mass scale [GeV)

7

F oK B

SUN YAT-SEN UNIVERSITY




SUSY excess observed in run2:

HIGGSINO WITH TWO HIGGS SEARCHES IN MULTI-BJETS EVENTS JHEP05(2022)014

S
[}
e
S =0 CSB
s
S
gl fn=2 SB
N,=4| SB SB - CSR
Vv —
- o =2 SB
. . . . S a
Events are categorized by boosted two bjets or resolved two bjets v -3 SB SB S
> o . . 5 aGEV
Backgrounds were estimated using sideband and controlled by o
d N, N,=2| CSB CsB =
. r CSR =
control regions: NSRe =K Ngg o m;, [GeV]
CSB 0 100 140 200 g
(Myp) [GeV] -
> . o e [60,95] [95,145] [145,260]
Excess observed in bin11, reaching to 2.1¢ . [GeV]

Even it doesn’t looks like an SUSY excess, but still good sign to
investigate CMS 137 fb™ (13 TeV)

S ~ = =0 = o)
& 500 PP—> K H = HHZ X3, m(Xd) =m(x3) =,
(5 o :T
» — == Expected 1,20 o
CMS " |Pred $ Data 137 fo™ (13 TeV) < experiment 3
= Resolved, 1.1 < AR, < 2.2 Resolved, AR,y < 1.1 Boosted Lé’400 """""" Observed £10y,,,, E 10 5
— .Nb=3 .Nb=4 _Nb=3 .Nb=4 ,NH=1 _NH=2 B i =
100 pro[GeVl ©  pro[Gevl i pr*[Gevl i pr[GeVl i pr[GeV] i pr [GeV] B . £
= 5, % é %, M, N, N, P, . . N, T, 0, v, T %, B | =
= g P, : P 9 9 D % 9 P % g P 300 , @
— = g : - =102 &
0 — : - - c
<~ E elon - 4 8
2 s 200(— a ©
qCJ 10 == - (0]
= = B — 10 g
L - : E 8
1 oo o | S
10_1 0 | :'i' J'V'P'Ku [ le‘- I R V| |‘
S | 1 1 | I | 1 | I |
12 13 14 15 16 17 18 19 20 21 22 200 300 400 500 r?]o(g“o) [é(g)v]
Bin number X2

R ;
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https://link.springer.com/article/10.1007/JHEP05(2022)014

SUSY excess observed in run2:

G2HDM &

T /
g t

(d)

P! XiPgi=1

ATLAS
{s=13 TeV, 139 fb™
my = 900 GeV

Observed significance [c]

0
P! 2iP=1 Pic! 2iPsi=1

Ly p- L
t/b p t/ b
PR 0 )\133
\ A/
gy 7 Y\{
£y ut Llv
E _I T T T T ] T T T T | | | I_ UE _I T T T T | T T T T I T I T T T T I T T T T ]
= - ATLAS —— Prediction i & - ATLAS —— Prediction 1
& 105 V{s=13TeV, 139 b — Observedlimt 3 & 10E {s=13Tev, 139 1" — Observed limit
5 - 95%C.L. limts e Expected limit 3 8 F 95%C.L. limits e Expected limit 3
L [ Expected limit 16 | L I Expected limit 16 |
1k susy Expected limit +2¢ _ 1 Susy Expected limit +2¢ _
107 ERA: E
10 I E
0—3 i 1 1 1 ] 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I_ 10— | 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 |
200 300 400 500 600 700 200 300 400 500 600 700
Myyggsino [GEV] Myino [GEV]

g2HDM models with varied coupling strength & my;
SUSY models with prompt RPV decay and varied mass of the relevant particles

SRs categorized by N, & N,,;,, & DNN scores

Largest deviation (2.80) observed for g2HDM

Exclusion 7 up to ~700 GeV

SUSY searches can be guidelines for all NP phenomena

R ;
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https://link.springer.com/article/10.1007/JHEP12(2023)081

SUSY excess observed in run2:

LONG-LIVED CHARGED SUSY PARTICLES IN DE/DX MEASUREMENT JHEP12(2023)158

Category ‘ Item | Description
Pixel dE/dz Low: dE/dz € [1.8,2.4] MeV g~ 'cm?
Inclusive
High: dE/dz > 2.4 MeV g~ 'cm?
IBLO_Low:  dE/dz € [1.8,2.4] MeV g~ 'cm?® and OFipL = 0
Binned IBLO_High: dE/dz > 2.4 MeVg~'cm? and OFipp, =0
IBL1: dE/dz > 1.8 MeV g~'cm? and OFipL = 1

Massive long-lived and charged particle leaves track in the inner track detector g sl aTLas | g sl aTLAS ]
; 3: For Short Lifetimes //i ; 3: For Long Lifetimes /7_
> . . (e} (e}
With pixel tracker, dE/dX can be measured for each track 2 L S - T u
= =
| 2 . . . . 9’ 17 }/~/ — (g)‘: 17 /}I’IH —
With Bethe-Bloch equation (dE/dX = f(fy)), and pT one can obtain the particle 2 07 HH {1 2,7 HI,I
mass from the track 0.5 HH ] 0.5 JJrH
0.3 /r 0.3 yd
0.2 g 0.2 '
£ LU NI B D B B B B & 8T T \ LA B B B O J // J //
S 107 ATLAS mpz}w'pﬁe”' | 165"'-..-._% ATLAS E | P T o4l m<i20GeV |
2 c i . o 5— ', Low-p_ Reco. 3 Tl ‘ e ‘ — gzt L R S - .
g 10°F M 302 MeV <p <351 MeV s i, hloa P 01 0203 05 1 2 3 01 0203 05 1 2 3
T 10k ¢ | paworo | pamor 2 b PR RO Target Mass [TeV] Target Mass [TeV]
10° F — Fit OF0 - - Fit OF1 § sb- ¥ i zgig IS zgg =
E E AA. \ " i N j ° ° ° °
TIPS - " Excess observed in in the high-dE/dx and high-
107 s o E
2 " od b L 1 I*?%a B A R i M mass range
10= Y‘M* E 2E ¥4||\H|| T T |!\\||—E
1k WI\| L %%m E
£ Q@ OF | s sseseed .
(o H g o 4" " Reachto 3.60inthe SRforM = 1.47¢V
0402 0 02 04 06 08 1 12 14 SE L %
|Og10[ dE/dXtrunc/(Mev g—1 cmz)] 2x107" 1 2 3 4 5678910
oY " This search not only suits for SUSY models but is

5 also sensitive to every similar case
1+ (fy)

MPV =
aed(PY) (B7)?

(co +cilogo(fy) + ¢, [loglo(ﬁ}/)]2>

Unfortunately, the excess was killed by the
following studies using TOF info to obtain the fy

10
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https://link.springer.com/article/10.1007/JHEP06(2023)158

SUSY highlights in run2:

PHE—->uGuG

LONG-LIVED /¢

; 7/ COMBINATION

E % ATLAS = = = Expected limits I_;
e 10 gls=13TeV, 13907 ObZerved limits i =
7 £ Al limits at 95% CL Slopton Signature 4 10° &
10° & isplaced, 3 I
D % oo o + 104 ! Production mode Wino Wino Wino Higgsino GGM
[L B 10 3 [ Prompt, EPJC 80 (2020) 123 _f - /‘-;i;. /\71_ /?it /fg fli /‘-;g fi;- /?1_, )Zit /‘-;?,2’ /‘-;(1) /\73
- G _— . 3 8 8 .
o T i ‘ Decay mode XEoswE) | s wad) | B - wErd 2 - z/hG
Seo ) 107 T o | Xy - zx¥) | X - hi)
MK G 10 ;_/J Searches
p . - EL All Hadronic [23] v v v v
-/ 100 1L [24] v v
I 10 : 1Lbb [25] v
PLB 846 (2023) 138172 ™™ bttt 2L Compressed [26] v
100 200 300 400 500 600 700 800 900 2L0J Am > m(W) [27] v
m(i, ) [GeV] 2L0J Am ~ m(W) [28] v
" First time fill the gap between the prompt and long-lived scenario § Frd v y v
using reinterpretation - 3LBY v v
] SS/3L [32] v v
4L [33] v
" Multi-b [34] v

N ~0 . =0 500 ATLAS ) =0 ok =0 ATLAS - e =b=0,-0 0 ~ ATLAS s=13TeV, 139"
Wino XX~ WW X? X? ér.’(;’ﬁ‘r‘r‘\‘isnary Vs=13 TeV, 139 o™ Wino sz‘ - Wz XX, Preliminary Vs=13 TeV, 139 fb Wino XZ X, Wh X? X? Preliminary Vs=13 TeV, 139 b’ Higgsino xf/xg/x1, X, Z/h G Preliminarys e
;300 rrrrprrrTprr e T e v e T e e e e e e e T e e rr ey Tl Al limits at 95% CL ;500:' L L L L e ': S‘ SN DL L ELEEL AL L L B ) 3100i"I""l""l""|""|""|""I""l 4
() : - LEP (o) - = Al limits at 95% CL (o)) 500 -_ _—' All limits at 95% CL O‘_' :_ All limits at 95% CL
©) i Aras rn s o 4 = = S, = Jcombination — 5
— - arXiv:1403.5294 — - - Combination — o - Observed Limit O] o Combination
—~ -] ol;-— 400 o ..., Observed Limit c{?{ r- s g 1— @105 e = )
7] Combination = E E e E 400~ —_ _ Expected Limi 1 E--~ z
J... Observed Limit £ 350 ] _ _ Expected Limit C ] (10,,) E Expected Limit

—7 et E q 1% N Jindividual Anlyses DS E (£10,)
1o e S00F° oawiatsoae 3001 I i &

1 250 :_ 4 _: - = Expected Limit L = = Expected Limit E Individual Analyses
| Individual Analyses S ' I o comprecces C i - : — Observed Limit
~ = Observed Limit 200 — . F b aerv:|9p|1.12801 200 — . = anvzi0801678 = = Expected Limit

- e 5 L o PR W - s ] — 2t .

i w 150E . . al: — XIv2106.0167¢ C ' [ ] 1 T aniv2103.11684
o ATuas.conF2022.050 % ; H HE = hovBteB0t6m - : [ : 1 ;)f;‘mma — 2204 13072

i 100 : i 5 3 A aasess 100 ' P | 1 N Al Hadronic
i arivi2209.13935 = 5 a q__ a2 C . . : l‘ : = Nuasconr znz2050 arXiv:2108.07586
N | Hadronic iz .Y ' 3 = arXiv:2204.1307; r ' . \ ShilE 7 - — it

0 : : J ' I I 1 L R 0200200 " 600 800 1000 1200 300 300 400 500 600 700 800 9001000
100 200 300 400 500 600 700 800 9001000 600 800 1000 o 0.0
m(t’) [GeV] (%) [GeV] m(x,/x,) [GeV] m(X,/Z,/%,) [GeV]

ATLAS-CONF-2023-046
First time to have a combination in SUSY, full use the published results

[ studies also performed, but no extra sensitivity was gained

~

Lots of studies on combination ahead: [, g, 3, 7and b

>
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https://www.sciencedirect.com/science/article/pii/S0370269323005063
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-046/

SUSY highlights in run2:

EWK PMSSM-19 SCANNING

Model generation

SPHENO 4.0.58

GM2CaLc 1.7.1
SuperlIso 4.0
MICROMEGAs 5.2.1

7V LSP &
Successful

Calculate
cross sections
with ProspINO

|m(h) - 125| < 5GeV
m(¥)>LEP limit
Q2 < 0.12)

generation?

m(¥;) < 1200 GeV
and T(7F, 20) > 0
and ogwk > 0.07 fb

Yes

Particle-level evaluation
Simuate events
at particle-level

SIMPLEANALYSIS

Use particle-
level results
Detector-level evaluation
ATLFAsTII simulation RECAST

Patch signal yields
into preserved
likelihoods & calculate

CL; with PYHF

0.001 < CLEP-*=t < 01

More scanning results are coming: general scanning and strong scanning

Strong relationship with phenomenologists

v

Parameter min max Note
M;, (=M iz) 10TeV 10 TeV Left-handed slepton (first two gens.) mass
M; (=Mz) 10TeV 10TeV Right-handed slepton (first two gens.) mass
My, 10TeV 10TeV Left-handed stau doublet mass Analysis
Mg, 10TeV 10TeV Right-handed stau mass
Mg, (=Ms) 10TV 10TeV Left-handed squark (first two gens.) mass FullHad [24]
My, (=Mj, 10TeV 10 TeV Right-handed up-type squark (first two gens.) mass
M; (=Mj;) 10TeV 10TeV Right-handed down-type squark (first two gens.) mass 1Lbb [15]
Mg, 2TeV 5TeV  Left-handed squark (third gen.) mass 21.0J [19]
M;, 2TeV  5TeV  Right-handed top squark mass 21.27 [25]
Mg, 2TeV  5TeV  Right-handed bottom squark mass 3L [23]
M, -2TeV 2TeV  Bino mass parameter 4L [22]
M, 2TeV  2TeV  Wino mass parameter
mpr 2
u -2TeV 2TeV  Bilinear Higgs mass parameter Compressed [20]
M3 1TeV  5TeV  Gluino mass parameter
A; -8TeV 8TeV  Trilinear top coupling
Ap -2TeV 2TeV  Trilinear bottom coupling
A -2TeV 2TeV  Trilinear T lepton coupling
Ma 0TeV  5TeV  Pseudoscalar Higgs boson mass
tan 8 1 60 Ratio of the Higgs vacuum expectation values
é_TLAS Prelimingry
5 =13TeV, 140fb~', EWKi , ATLAS exclusion fracti
— 600 INo scan exclusion fraction 1 _O
% ====ATLAS simpl. wino/bino model excl.
0] ‘ -
g @
& 500 088
s . =
~ = 3]
€ 400 &
%]
0.6 g
300 o
E
0.4+
200 c
2
28
100 F 02 s
0 - 0.0
200 400 600 800 1000 1200
m(x;) [GeV]
®  X;i/X%co.ann. o XX -bb ® A/Hfunnel
o X~ zh o MR- w ® Other
o X8 -tt ® Z/hfunnel

future

Other highlights like Unfolding SUSY searches:

" WTW™ measurement using unfolded SUSY 2L0J search [EPJC]

12

Recasting (reana) is applied and can be published for use in the

ATLAS Preliminary
Bino-DM scan
Before ATLAS Run 2

Simplified models targeted

Wino ¥ 72 via WZ, Wino ¥ X3 via Wh, Wino X7 ¥ via WW, Higgsino
GGM
Wino ¥ s via Wh

Wino ¥{ ¥ via WW, slepton pairs

Wino 5 %5 via WZ, Higgsino GGM

Wino %575 via WZ, Wino ¥ ¥s via Wh, Higgsino ¥{ %5 ¥, , Higgsino GGM
Higgsino GGM

Wino ¥ X5 via WZ, Higgsino ¥ ¥9 4\

Disappearing-track [27] Wino X7 ¥] and ¥ %}

m(x9) [GeV]

Mass / GeV

Mass [GeV]

1200

1000

800

600

400
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https://link.springer.com/article/10.1140/epjc/s10052-023-11508-9

Guidelines for searches in run3

Novelty:
" 13 TeV/139 fb-1 to 13.6 TeV/~250fb-1 won't have a significant improve in searches

n n

Focus more on the “new” “model-driven” strategy instead of the “signature-driven”
Excess/Anomalies:
B anomalies, mu g-2 and W mass all can constraint the pMSSM phase space
Follow-ups on the excess observed before
Holes in pMSSM scanning:
" Will use the coming pMSSM scanning results as a guideline to search for the SUSY models

" With “clustering” tech to choose the benchmark models

" Compressed regions are expected to be highlighted
arxiv:2204.04202.pdf

JHEP10(2015)134
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https://arxiv.org/pdf/2004.07939.pdf
https://link.springer.com/article/10.1007/JHEP10(2015)134#citeas
https://arxiv.org/pdf/2204.04202.pdf

Stop searches in run3:

my compatible with mg,, ~ 1.5 TeV

W mass from stops, mz, =2mg, TanB = 20

3.0

mg [TeV]

0.5 A

>
o
) e
/ 10
—— AMy, =10 MeV
—— AMy =20 MeV 14
=AMy =30 MeV
—— AMy, =40 MeV

m—mp =125 GeV, FeynHiggs 2.18.1
———mp = 2*Amy =125 GeV

W mass from stops, mz, = 0.5mg, Tanp = 20

e —————

Mass of lightest stop mass eigenstates my;

~ DMy =10 MeV
w— AMyy =20 MeV
=AMy =30 MeV
w— AMy = 40 MeV
Mass of lightest stop mass eigenstates my;
—— mj, =125 GeV, FeynHiggs 2.18.1
- mpE2*Am), =125 GeV
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Maybe we start seeing
some excesses? ;)
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Stop searches in run3:

>

Need to probe all possible stop

(s =

8,13 TeV, 20.3-140fb ' August 2023

productions and decay modes and run
combinations!

. 43body 3-body 2-body .

2 b ¢ [
P ) W/ v P . v
g t W .
X or X - X
~. % =~ g
Xi i P X
p w q p q

weo Observing mixed-flavor squark production

could probe the (semi-) Weak vertex directly:

— N WeG— g (W-g—G- )

* Expected to be found @ HL-LHC

++ ANY HOLES OBSERVED IN PMSSM SCANNING

I T T T | T T T | T T T I T = Observed limits

ATLAS Preliminary
t,t, production, limits at 95% CL

= = Expected limits

Data 15-18,¥s = 13 TeV, 140 fo ™

E= monojet, 1, - bif' i?
[2102.10874]

B 0L ] /T, > bW /T, - b 3
[2004.14060]

L T o T bW /T b
[2012.03799]

= IUNN, T 0 T - bwy
[ATLAS-CONF-2023-043]

— 2L T,/ T bW /T, > bif ]
[2102.01444]

Data 15-16, Vs = 13 TeV, 36.1 fb ™'
=T /T, - bW /T, - it i

[1709.04183, 1711.11520,

1708.03247, 1711.03301]
T ot

[1903.07570]

Data 12,¥s =8 TeV, 20.3 fb
BT o ) /1, - bWy /T, - it 7]

& 200 400 600 800 1000 1200 (1506 06616)

m( t,) [GeV]

Xsec of the resonant squark production at the LHC
can easily exceed pair-production

UDD yielding the resonant stop, where the
constraints are weaker than the light version
allowing larger coupling (a.k.a prompt decay case)

Contribute to FCNCs, potentially contributing to
flavor physics observables
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EWK searches in run3:
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SUSY towards to run3:

"~ “SUSY is the most complete microscopic theory conceived so far to go beyond the SM”:
" In principle can be used to compute any* observable quantity
" In principle contains the ingredients to deal with all/most issues that the SM cannot address
" "Supersymmetric models are extremely compelling theoretically”
"~ "SUSY is the most complete “"LHC"” of experimental signals conceived so far to go beyond the SM":
" Itis quite hard to find an experimental signature that can be attained in another model and cannot be attained in SUSY
" The model also comes with “some” way to judge how likely it is the particular signal at hand
" The model allows to derive the experimental implications of observing such signal
" Being “complete” in the theory and experimental sense:
" You can use it to stress-test the capability of your present (or future) accelerator+experiment

" Create a solid ground for exchange about reinterpretation/preservation of the searches

Searches for supersymmetric models are extremely useful
(even if SUSY is not realized in Nature)
Reinterpretation/Preservation is the key

17 )Tk g
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Reinterpretation & Preservation:

" Key point for future “generation”: " Probe much more of SUSY theory space

afterwards
" SUSY could be hidden in the existing data

" Probe much more of BSM theory space afterwards
" NP could be hidden in the existing SRs

" ldentify best-fit scenarios afterwards

What we have learned at What we have learned
time of publication long after publication
W, M,
Impossible to >
reinterpret A A
>W\\ >M'|

M,

Possible to

reinterpret A — o

My

Anders Kvellestad
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Reinterpretation & Preservation:

" What we have so far?
" SModelS, HiggsTools, DarkCast:
" Medium accuracy, less simulations

" MadAnalysis, CheckMate, GAMBIT(ColliderBit), Contour+Rivet:

" Medium accuracy, medium simulations

" No tools for full simulation and can not access to analysis details
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Reinterpretation & Preservation:

reana

" reana: is a reproducible analysis platform allowing scientists to run
containerised data analysis pipelines on remote compute clouds.

CLI Ul

roofit.5

roofit 4

$ reana-client create -w roofit

$ reana-client upload -w roofit
File /code/gendata.C was successfully uploaded.

File /code{ $ reana-client logs -w roofit

$ reana-clid--; Workflow engine logs

roofit has M7921-93-01 07:59:15,670 | root | MainThread | INFO | Publishing
‘code/gendata.C(20000, "results/data.root”)"', total steps 2 to MQ
NAME  RUN_17021-93-01 07:59:24,803 | root | MainThread | INFO | Publishing

$ reana-clig

'code/fitdata.C("results/data.root", "results/plot.png")’, total

$ reana-cliesteps 2 to MQ

®

Job

I Bilt for 14

[IaRoeFit v3.60

| Welcome to ROOT 6

| From togs/vé-18-044
| Try "help’, *

Processing code/gendotd

NAME 2021-03-01 07:59:33,842 | root | MainThread | INFO |
code/gendataysers/e60e58da-3f12-4c76-bd2a-799d4364876b/work flows /45e75d61
code/fitdat
$ reana-clig
NAME  RUN |
roofit 4 |==> Job logs
$ reana-clid==> Step: gendata
results/plof==> Workflow ID: 45e75d61-e139-424b-a709-37fd4e8e8dfe
==> Compute backend: Kubernetes
==> Job ID: reana-run-job-e674c¢8b1-d275-436e-8582-b6ad66b0170b
==> Docker image: reanahub/reana-env-root6:6.18.04
==> Command: mkdir -p results && root -b -q
'code/gendata.C(20000, "results/data.root")"
Web Ul
© roofit #5 finished in 28 seconds
Finsshec 8 minutes ago step 212
dulop O Werkspice B specfavon
siop | penda © [EEDD @ i @ s onerook W04 § w3 oot b ot o

| reana

© roofit #5 finished in 28 seconds

Finished 8 minutes ago step 22

6l

send

-~ devd
Copyri;

—(®

reana

Workflow controller Job controller

Job
controller

A

Shared
storage

\
\ Sbatch

/
/

.
OX
/
/ Kubernetes

,’ REST AP
/

\ HTCondor

\
\

©'

\

Slurm
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Reinterpretation & Preservation: [eana

" reana: is a reproducible analysis platform allowing scientists to run
containerised data analysis pipelines on remote compute clouds.

input data set

i input[7] |

:\/ ---------- e T -n. : ------------------ . .. --' stages:
. . . . - name: filterl

: filter1[0] filter1[1] | : - | filter1[2] filter1[3] : el

: ; . : scheduler_type: multistep-stage

. ; : : parameters:

. . . . input: {stages: init, output: input, unwrap: true}
: output output | : . [ output [ output : batchsize: 2

2 . . . scatter:

. . : method: zip

...................... -~ rareELaNes [LipE]

step: {$ref: steps.yaml#/filter}
- name: filter2
dependencies: [filterl]
scheduler:
scheduler_type: multistep-stage
parameters:
input: {stages: filterl, output: output,
unwrap:true}
batchsize: 2
scatter:
method: zip
parameters: [input]
step: {$ref: steps.yaml#/filter}
- name: filter3

filter2[0] filter2[1]

filter3 ; dependencies: [filter2]
: scheduler:
. scheduler_type: singlestep-stage
" parameters:
output . input: {stages: 'filter2', output: output}
: step: {$ref: steps.yaml#/filter}

R ;

} / SUN YAT-SEN UNIVERSITY
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Reinterpretation & Preservation: [eana

" reana: is a reproducible analysis platform allowing scientists to run
containerised data analysis pipelines on remote compute clouds.

RPC-RPV Combination: G-, (—tbs) / g—tbs, m(%;)=200 GeV, bino-like 7,

< 3000 e
® 2800 ATLAS Preliminary RPC > 3 b-i =
ightfles - — >3 b-jets -
w e @ @ @ E‘% 2600E- Ys=13 TeV, 36.1 fb" RPC OL 7_111 j =
selectsignals 29 E -@- Expected — RPV 1L § E
selectsignals[0] E 2400 - - Observed —— RPC-RPV SS/3L 8 —
C 95% CL limits g =
|sekczcd_siﬂaﬂu’m91’) [selected_signal][1][0] 2000 :_ . %_:
~ 1800F , I
- O JEE
weightsignals|0] weightsignals|1] 1 600 — _2_ g__
C T -
|databkgcache) [weighted_signal] [weighted_signal] 1 200 :_ é_:
1000: el Al raul raaul PR nnunllL B
runfit[0] RPC 1 0‘3 1 0-2 1 0_1 1

B PPN Basss b a2 2 1323

@ 102 10 1 10" 10?0103 0709
%, lifetime [ns] BR(g — tbs)

> >

The platform now is being used and tested internally: The platform now is being used and tested internally:

" pMSSM efforts " Almost all run2 SUSY analysis preserved their
workflows

>

Combination efforts

>

Will be published for use in the near future

>

Other reinterpretation efforts
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Summary:

v

Very completed searches have been performed for the run2 datasets:
> Covering almost all the scenarios using simplified models

> Null (almost) results so far with few excesses here or there

" Up to ~2.5/1.2/1/0.7 TeV §/§3,4/7/l got excluded

>

Warping up the run2 searches:
> Combinations: 7 & [ & 7
> RPC-RPV: Fill the gaps between the long-lived and prompt decays

>

PMSSM scanning: Understanding the current search power in the full picture

v

Brainstorms to the run3 and future:

> Novelty: new models, new phase space

v

STiLy
> Guided by the anomalies AUVEANDCANBE VER
Reinterpretations & Preservation: YUSEF U

> Build a bridge between experimentalists and theorists
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THE END
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