Supersymmetry - ATLAS

o &

JERS,
E
o
Op320

N
s
o

S

Stockholms
universitet

Xuanhong Lou (Stockholm University)

on behalf of the ATLAS Collaboration

11th Edition of the Large Hadron Collider Physics Conference
227 — 26t May 2023, Belgrade, Serbia

)

TL

EXPERIMENT



Introduction

* An overview of the Supersymmetry (SUSY) searches in ATLAS

Results covered in this talk all based on the ATLAS full Run 2 data (139 fb™")

Electroweak Production
Relatively low XS
small mass splitting

Long-lived Particles
Displaced jets, leptons...
Covered in Mohsen’s talk

section [pb]

cro

R-Parity Violation (RPV)
High jet/lepton multiplicity
(Often) low pT_...
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pp, VS =13 TeV, NLO+NLL - NNLOgpprox+NNLL

10°
— §§ —— xx (higgsino)
— gq — X1 X1 (wino)
2 — 44" —— Ri X3 (wi .
10 T = Strong Production
— L,RELR . .
Relatively high XS
100 - (Mostly) inclusive searches
0—2 i T . .
Third Generation
15t and 2" generation
10-% squarks can be too heavy
106 : : : : . : .
250 500 750 1000 1250 1500 1750 2000

particle mass [GeV]
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https://indico.cern.ch/event/1198609/timetable/?view=standard#137-llp-results-from-atlas

Gluino and Squark Production: Same-Sign (SS) / 3L

ATLAS-CONF-2023-017

electroweak gauginos to
LSP via cascade decays
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direct LSP decay to SM
lepton via non-zero RPV

Key Discriminant: Effective Mass

jet £ miss
meff—Zp +Z:pT+ET

SRGG(gluino)/SS(squark)WZ
Suffix “L”, “M”, “H” denotes mass splitting between

gluino/squark and the LSP
In SRSSWZ, “M” is further split into “ML” and

q y/g “M H ”»
p 1547
< <0 i
_- ~:t ¢ / 1 X1 SRname | sy (£) (e (0) [npews | tjes | P [GeVT [ EF™ [GeV] [ men [GeV] [Ad(£122, pi™) [Sig(EF™)
. SRGGWZL | =2(z3) >6| =25 >200 |>8x ¥ ph >02 >6
V4 /u <, b SRGGWZ-M >2(0) 0 [>6] =>40 > 190 > 1300 > 08 -
P SRGGWZ-H >2(-) =6 >40 > 150 > 2100 - -
1537
q 157
SRname | ngig(£) [npies | e [ 75 [GeVI] EF™ [GeV] [ meg [GeV1 | B/ pl | 5 pL/ 3 i [nz e
SRSSWZ-L >4 > 25 > 0.2 X mregy - - < 0.2 oF
electroweak gauginos to lightest stop decay to SRSSWZML| | o [56] 525 | 150 | >80 | 12 | <03 | =11
SM leptons + LSP tbq via non-zero RPV SRSSWZMH) 5] >d0 | >0 | >900 | >LL | <04 | 21
SRSSWZ-H =35 > 40 > 250 > 1500 > 0.3 < 0.7 -

Z filter based on same-flavor
opposite-sign (SFOS) leptons

t: based on number of SFOS pairs with 81 < msros < 101 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-017/

Gluino and Squark Production: Same-Sign (SS) / 3L

ATLAS-CONF-2023-017

q v/t
1547

( N:E f/y<X9

P 1537
q 157

electroweak gauginos to
LSP via cascade decays

universitet

electroweak gauginos to
SM leptons + LSP

direct LSP decay to SM
lepton via non-zero RPV

lightest stop decay to
tbq via non-zero ;ZPV

SRGG(gluino)/SS(squark)Slep

Same suffix denotation as SRGG/SSWZ

In SRSSSlep, additional “H (loose)” region defined
with relaxed m g cut, allowing for binned fit

SRname [ nsia(0) [ e | njess | 5 1GeVI] ER [GeV I ERS 5 pit | pf2 1Gev] | other
SRGGSlep-L - > 0.4 > 30 Emis)y pl > 1.4
SRGGSlep-M| 23" | 0 | 24| =40 > 150 >0.3 >0 [Ag(£102,p) > 0.7
SRGGSlep-H > 100 - - 3 ph > 1200GeV
t: SFOS pairs with 81 < mgros < 101 GeV are not allowed

SR name nsig(0) | 5 [GeV [ s [ iews | Py [GeV] [ EXS [GeV] [men [GeV] | Ag(£162, pT™)
other requirements
SRSSSlep-L 3 <60 | [>3]>60.6025] >100 | >600 | >14
¥ pi/z p]lf‘ < 0.6
SRSSSlep-ML 3 [ >30 | 0 [23]>606025] >100 | >700 | >14
ERs /¥ pl > 07, T pifE pr < 0.6
SRSSSlep-MH 3 [ 40 [ 0 [22] »60 | 200 [ >1000 [ >05
EMs)¥ pl > 07, AR(E1,£2) > 0.2
SRSSSlep-H 7 [ >0 | [z2] »00 | »200 [ »200 [ >03
AR(f1,02) > 0.5
SRSSSlep-H (loose)| 37 [ >40 [ 0 [z2] 60 | 200 [ >1000 | 03
AR({1.02) > 0.5

Z veto

*: additional baseline leptons are not allowed, nor SFOS pairs with 81 < mgpog < 101 GeV

Xuanhong Lou | Supersymmetry - ATLAS | 24 May 2023 | Page 4 ATLA
EKPER\MENST


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-017/

Gluino and Squark Production: Same-Sign (SS) / 3L

ATLAS-CONF-2023-017

direct LSP decay to SM
lepton via non-zero RPV

SRLQD
RPV coupling of LQD type
2 SS leptons, high m_q, no requirement on pT .

SR name | nsig (£) | Np-jets | Mjets | Py [GeV]

SRLQD 2 - |=5 > 50

megr [GeV]
> 2600

q I//g
» /v SRUDD
1, =t 57];< © RPV coupling of UDD type
» Suffix denotes b-jet multiplicity
o~ 14 .
2 /7 _ 2 SS leptons, no requirement on pT_.
P 1537
q
tv SRname | nsig(6) | npijers | jess | PX' [GeV] | megr [GeVI| Z p¥' [Gev]
. . . RUDD-1b 1 > - 1
electroweak gauginos to electroweak gauginos to lightest stop decay to EREDT TS g ~ ;g ~ 1388
LSP via cascade decays SM leptons + LSP tbq via non-zero RPV -———— 1 2 — ~ ~
N SRUDD-ge2b >2 [>5] >50 - > 1600
& Waissm = uyuQHy — dyaQHa — eyeLHy + nHyHy SRUDD-ge3b >3 [>4] >50 | >1600 -
g ‘"w“%%f’ z 1 1
5 8 iy T kT (). i ko
?/’V,q ; g\l‘{\O -+ 5/\ J LiLj(fk -+ /\l 7 Lind,k -+ [L’ LiHu + 2/\ & U; dl dk
StOCkhO].mS Xuanhong Lou | Supersymmetry - ATLAS | 24 May 2023 | Page 5 ATLAS

universitet

EXPERIMENT


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-017/

Gluino and Squark Production: Same-Sign (SS) / 3L

ATLAS-CONF-2023-017

* Background estimation

*  SM WZ (RPC only) — constrained in dedicated control region (CR)

*  Charge-flip, fake/non-prompt (F/NP) leptons

* No significant excess over the SM prediction in all SRs
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g 18 Vs =13 TeV, 139 ! [ Fake/non-prompt wz B iz

W 16— post-it 9w =l & Otvers

B ww, ZZ, VWV

111 RN

) T T .
S UNNT) FUUU OSSO SO SUSUUROS FOUUUUOS. SUSUUOOS JSUUPOOS, SUUUUUTS SSUPPUOD SUUPpOp s SUTOUUSY SUUUUNS SOUUUONS SUUUON OO SO
c
@
Q
=
[

4 = T 4 24 I T 4 S T o4 4 I T % a =2 o o a

N o N N =2 5 N @ &8 &4 a =2 2 4 o o 7o 9 9 I

Z 2 2 Z N N =2 2 9 @ 2 4 5 0 § Jd QO Q o O
< s 7] » pm » ®» O @ W = T Ao a A .
< ORI G INO] = = K b o a
5 CO0 3 0 2 @ p o & ¢ 0o P 9 n @ T > 2 8 8
ceufrald F x LT o g o @ ¢ © B 2 o 2 % z Z
SWURE T F oo O oo o & & & oG L @ & 0§ “w o F F
= 3 “w ®» n @ o o o ) )
o ~ w0 wn n
4//?+S‘r\ @

9]
o

Stockholms &

universitet

) [GeV]

0
1

m@

2500

2000

1500

1000

500

1 1 1 I L 1 1 | 1 1 1 I 1 1 1 ‘ 1 1 I I‘I 1 I 1
1000 1200 1400 1600 1800 2000 2200

exclusions for other
scenarios in backup

q q w

§ § production, § — qq'WZZ; m(;) = (M() + m())/2, m(z;) = (M(E) + m(Z,))/2

— ATLAS Preliminary
Vs=13 TeV, 139 fb ausy

All limits at 95% CL — Observed Limit ¢t1a, ;)
SS/3L abs. 139 1b”
[arXiv:1909.08457]

=~~~ Expected Limit {-1a,,,)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-017/

Stau and Gaugino Production: 2 Tau Final State

ATLAS-CONF-2023-029

direct production of
stau pair to tau + LSP

T

! 4
o %l
F %t
p

electroweak gauginos
to SM tau + LSP via
intermediate Wh

electroweak gauginos
to SM tau + LSP via
intermediate stau
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Key Discriminant: Stransverse Mass [arXiv:hep-ph/0304226]
mr2 = Hlln [mﬂx (mTl(DTl,(IT) mTz(PTz,PT —qr ))]

mr(pr,qr) = V2(prgr - Pt - qr)
For events where two massive pair produced particles each decay to two
objects, a kinematic endpoint can be seen in the my, spectrum

SR-BDT

4 overlapping SRs
defined based on
the BDT score
Among them, the
SR with the best
expected sensitivity
will be chosen for
interpretations

2,

Number of events
QL

ATLAS Preliminary ¢ Data 5SM Total
Vs =13 TeV, 139fb" [ Wijets [l Top
Direct stau channel | Higgs Multi-jet

Multi-boson = = = m(x, ) (80, 1) GeV

W Z+jets - == m(x3) = (400, 1) GeV

VRs 1 SRs
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https://arxiv.org/abs/hep-ph/0304226
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-029/

Stau and Gaugino Production: 2 Tau Final State

ATLAS-CONF-2023-029

direct production of
stau pair to tau + LSP

T

Key Discriminant: Stransverse Mass [arXiv:hep-ph/0304226]

mr = rmn [max (mTl(PTl,(IT) mTz(PTz,PT —qr ))]

mr(pr,qr) = V2(prgr - Pt - qr)
For events where two massive pair produced particles each decay to two
objects, a kinematic endpoint can be seen in the my, spectrum

electroweak gauginos electroweak gauginos
to SM tau + LSP via to SM tau + LSP via
intermediate Wh intermediate stau

(M"L\
;2 _&gyr‘

O
/Vf'} + S‘r\
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SR-C1C1/C1N2
SRC1N2 divided
into opposite-sign
(OS) and same-sign
(SS) base on the
charge of tau pair
SRs further
separated into LM
and HM regions

ATLAS Preliminary
Ys=13TeV, 139 b’
Intermediate stau channel

=== m(, /x2 x) (157,92) GeV = = = m(¥,/%,.

Number of events

T T T T T T T
¢ Data <=SM Total Multi-boson

Wajets [l Top quark [ Z+jets
W Higgs ~ Multijet

, 7)) = (300,150) GeV = = = m(7", ) = (700, 400) GeV

T,

7)) = (1100, 0) GeV

.................
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-029/
https://arxiv.org/abs/hep-ph/0304226

Stau and Gaugino Production: 2 Tau Final State

ATLAS-CONF-2023-029

direct production of
stau pair to tau + LSP

T

! 4
o %l
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p

electroweak gauginos
to SM tau + LSP via
intermediate Wh
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electroweak gauginos
to SM tau + LSP via
intermediate stau

Key Discriminant: Stransverse Mass [arXiv:hep-ph/0304226]
mr2 = Hlln [mﬂx (mTl(DTl,(IT) mTz(PTz,PT —qr ))]

mr(pr,qr) = V2(prgr - Pt - qr)
For events where two massive pair produced particles each decay to two
objects, a kinematic endpoint can be seen in the my, spectrum

SR-Wh-LM/HM
Invariant mass of
the 2 tau leptons
fall within the
Higgs mass range
Apply high my,
requirement to
reject the SM
backgrounds

T
ATLAS Preliminary
10° s =13 TeV, 139 fo”
Intermediate Wh channel

Number of events

T
¢ Data ;-;SM Total Multi-boson
B Top quark [ Z+jets [ Higgs
Mis-ID ©

- M@, X,) = (225, 75) GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-029/
https://arxiv.org/abs/hep-ph/0304226

2 Tau Final State

Stau and Gaugino Production

ATLAS-CONF-2023-029

! 4
. . = =0
* Background estimation .- 1
*  Multijet — constrained using ABCD method Ts~. 0
. . . . T 1
* SM top, W/Z+jets — constrained in dedicated CRs P i
*  Other irreducible background — validated in VRs T
* No significant excess over the SM prediction in all SRs exclusions for other
* First sensitivity to right-handed stau pair production at the LHC! scenarios in backup
T o 2 X T TE 52X T TE s 2% T
S-350;L|R,::Liﬁv|||X|T)|:||||v||v|w||w|vwvmu wum[l\ll[lllL;-3007|LI‘_|\)TT|Z“|\|\|||||||||| LI B B |ww|7;2507?T||x?’||||||||ww T T T T T T T
S L ATLAS Preliminary 18 - ATLAS Preliminary 18 - ATLAS Preliminary -
= 300 fs=13 TeVv, 138 b = L (s=13TeV, 139" 4 = F {s=13TeV, 139" B
Tl C Alllimits at 95% CL 1 T 250 Al limits at 95% CL mhc) oppl  Alllimits at 95% CL N
£ ) 0: | ;);pemecstimit(ﬂcm) 1 € [ - - - Expected Limit (+10,,) . £ F -~ Expocted Limit (H1a,,) 4
= — served Limit — = -
° C ATLAS (Expected) Phys. Rev. D 101 (2020) 032009 7 200~ T ObservedLimi _ r B
C | LEP abserved ] r ATLAS (Expected) Phys. Rev. D 101 (2020) 032009 1 1501 — Observed Limil B
2001 E u ] & .
. 1 s @ - I+ 1
E A7 = r _?@’, - L& 7
150~ & E Fo& e 4 o0 -
£ & ] 100—,-" e e - i ]
100F-" — g - s ] - .
£ J C .7 4 ] 50__ ]
50 = ’ \ E r ]
é(’*.r,\ GZ./I T PO O PR R BT P 0_.\’.\\-\-\-\I.-.-I-..-I-.-.I....H.": ol RS, | | TR
SeYs @ 100 150 200 250 300 350 400 450 500 550 100 150 200 250 300 350 400 450 100 150 200 250 300 350 400
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-029/

Higgsino Production: 2 Photons + 2 b-jets Final State

ATLAS-CONF-2023-009

gravitino mass
negligible (1 MeV)

A

(yy)

—
w m
=]

* Events selected by diphoton trigger

* Preselection to reduce fake photons: 120
* Invariant mass m,, € [90, 160] GeV

MET < 100 GeV

CR1

w m(yy)
y

[EY
o]

120

MET > 100 GeV

CR2

SR2

CR2

*  py/m,, > 0.2 for each signal photon
* 3 non-overlapping SRs

* Major backgrounds
* Resonant — determined by MC

* Non-resonant (F/NP photons) — determined by the “2x2D sideband method” [arXiv:1107.0581]
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60 100 140 m(bb)

35

145 m(bb))'
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https://arxiv.org/abs/1107.0581
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-009/

Higgsino Production: 2 Photons + 2 b-jets Final State

(I
80750

ATLAS-CONF-2023-009 g
=
> 20 = T T T T T = 20 T T T T T = 20 T T T T T T T T %‘OE
& F ATLAS Preliminary ¢ data — Total SM & ATLAS Preliminary ¢ data — Total SM & ATLAS Preliminary # data —Total SM
= 18 {s-13TeV,L=1391" [dphoton i = 18 {s-13TeV,L=1391" [dphoton i = 18 {s-13Tev, L=139 1" [diphoton [l .
% 16 — SR1h R P T % 16 - SR1Z W B B 16 - SR2 Wy B 10
é 14 E ¢ WHiggs (other) é 14 WHiggs (other) é 14 .Higgs {other)
w = §eemiE)=150 GeV w --m(7 =150 GeV w mE)=150 GeV 10
12 : -~ m{7,)=200 GeV 12 -m(f }=200 GeV 12 M(%,)=200 GeV
wE | B~ hG)-1.0 0 _ BE-hG-05 0 arﬂhe)_w 0 1
8 i— 8 8
6 = 6 6 10"
4 BN | o B 4 4
2 2 2 10
g E T T 3 g T T E| g E T T E] _3
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£, *—x RN \Ik \It\\\\\\'% £, x}\\\# N\T\\\\\\\: g ! *;\ BORK \F \:\ \\\% o
01(50 110 120 130 140 150 1-60 O100 110 120 130 140 150 1-60 0160 105 110 115 120 125 130 135 140 145 1-50 §
m,, [Gev] m,, [Gev] m,, [GeV] -
0
. Wl . . . i
* No significant excess over the SM prediction in all SRs ]
: ~0 =, . I3
* Assuming B(X|, — hG) = 100% : @
* Theoretical prediction excluded at 95% CL for neutralino mass < 320 GeV
. ~0 = ~0 ~ 60
* Assuming B(X, — hG) + B(X|; — ZG) = 100% :
e e . . . . . 50
* Limits set as a function of Higgsino mass and branching fraction
. ~0 ~ .
< Qs * Exclusion down to B(X; — hG) = 36% for neutralino mass = 130 GeV
& o) 1
5‘".3}" s
7 % £
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A B L
E— f;gggg Limit ATLAS Preliminary 3
E Expected Limit 1o _ . =
E Expected Limit +2 ¢ E_? 3‘TeV, 1:?,9 b E
C === Theoretical pred. All limits at 95% CL ]
B - h G)=100%, m(@)=1 MeV E
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00 200 300 400 500 700 800

m(F)) [GeV]

PP*Xm mh 770 7078, 70— hG orZG

40

" ATLAS Preliminary

(s=13TeV, 139 b

All limits at 95% CL

==~ - Expected Limit (=1 o,,,)
——— Observed Limit (+1 uagf;)
\\\\ Excluded Area

4b, arXiv:1806.04030
4L, arXiv:2103.11684

2L, arXiv:2204.13072
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-009/

Summary and Outlook

* Newest result in search of Supersymmetry from the ATLAS Collaboration:

e Strong SS/3L
* Electroweak tt (first sensitivity to right-handed stau pair production at the LHC)

* Electroweak yybb
* Data observations consistent with the SM prediction

* With the accumulation of Run 3 data, larger statistics expected, allowing for
searches targeting even more challenging region in SUSY parameter space!
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Gluino and Squark Production: Same-Sign (SS) / 3L

ATLAS-CONF-2023-017 4

q

q w

d g production, g — qq’wzi?; m(;“{:) =(m(g) + m(i:))ﬂ, m(i:) = (m(i:) + m(i:))fz

=~~~ Expected Limit {-1a,,,)
— Observed Limit (1 cﬁif’;)

SS/3L abs. 139 1b”
[arXiv:1909.08457]

S 2500~ ATLAS Preliminary
Dé, - Vs=13 TeV, 139 i
£ ~ All limits at 95% CL
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q w
2200& g production, § ﬁqWZx ; m(x ) = (m(@) + m(E)/2, m(z,) = ;) + m(7, w2
[ T T T I T T T I T T l [ T T ]
2000:_ "ATLAS P Prel|m|nar¥ -~~~ Expected Limit (+10,,,) E
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-017/

Gluino and Squark Production: Same-Sign (SS) / 3L

ATLAS-CONF-2023-017 7 49
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-017/

Gluino and Squark Production: Same-Sign (SS) / 3L

ATLAS-CONF-2023-017 ¢ q A

b

f- ,\;§ d lightest stop decay to
it < d tbq via non-zero RPV

direct LSP decay to SM
lepton via non-zero RPV

p b
t
g g production, g — t:|q§éD i" = lqq d ﬁproduction, g—tLtobd
; _l TT T T T L LI} I T 17T | L I LI I T 1T [ LI I TT I_ ; [ T L L 1 T I L | L I T 1T T | T 1T 1 I T ]
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Stau and Gaugino Production: 2 Tau Final State

ATLAS-CONF-2023-029
P
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Stau and Gaugino Production: 2 Tau Final State

ATLAS-CONF-2023-029
P

electroweak gauginos
to SM tau + LSP via
intermediate Wh
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Smuon Production: Micro-displaced Muons

arXiv:2305.02005, submitted to Phys.Lett. B

* Transverse impact |d,| > 0.1 mm
*  Major background -
semileptonic b-hadron decays
*  Other SM processes with prompt
leptons negligible based on MC
* Extended ABCD method used to

estimate background in the SR

Set of Regions ’ Lower displacement region ‘ Higher displacement region | Threshold mo+ - | Additional cut
1 0.1 <|do| < 0.3 0.6 < |dp] <3 mm 200 GeV |
2 0.1 < |dg| < 0.3 0.6 <|d 140 GeV
3 0.1 <|do| < 0.3 0.6 <|dy| < 1.3 mm 125 GeV

|do *-| mm
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Stockholms
universitet
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not included due to
signal contamination
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Smuon Production: Micro-displaced Muons

arXiv:2305.02005, submitted to Phys.Lett. B
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