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Gauge Mediated SUSY Breaking

. SUSY breaking mediated from hidden to visible sector by gauge interactions

MSSM Messenger Hidden Sector

Sector o (SUSY Breaking)

SU(3)xSU(2)xUT

. Lightest SUSY particle (LSP) : gravitino, G
- Weakly interacting, neutral
- Taken to be nearly massless : O(eV - keV)

. Assuming R-parity conserved—SUSY particles produced in pairs
- Decay to a stable gravitino LSP

- Experimental sighature : missing transverse momentum
. Next-to-lightest SUSY particle (NLSP)

: ~0
- Neutralino, #,

» From naive naturalness arguments, focus on relatively light higgsino, A

- Decays to h/Z+ G (Coupling to photons suppressed)
- Measurement with scanning the branching fraction: B(H —» ZG) = 1 — B(H — hG)
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Higgsino production and decays

. Production modes
- Cascade with small mass difference

» Considered in multi leptons analysis b
- Mass degenerate scenarios
» Direct productions of higgsino NLSPs
. Categorization )

- /Z boson decay
» Z — CC,bb, gq(light flavor)

- Higgs decay
» h — bb,yy

. Analyses covered in this talk (by ATLAS)

- 4 or more leptons arXiv:2103.11684

- 2 leptons + jets arXiv:2204.13072

- O lepton
> 4b arXiv:1806.04030
» 2b + 209, 49 arXiv:2108.07586
»2b + 21 ATLAS-CONF-2023-009

v Higgsino can be long-lived due to small coupling while focusing on prompt decays in this talk
cf. ) displaced decay vertex arXiv:2304.12885



https://arxiv.org/abs/2103.11684
https://arxiv.org/abs/2204.13072
https://arxiv.org/abs/1806.04030
https://arxiv.org/abs/2108.07586
https://cds.cern.ch/record/2854839
https://arxiv.org/abs/2304.12885

Variables

| — Z.p(i)|, i = all objects

MET significance
- S(EP™®) = Ef™*/\/H;
» H. = Xp, (scalar sum of momentum)

Events

Transverse mass
- Mz =2E;E(1 —cosb)

Effective mass
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https://cds.cern.ch/record/2630948

Four leptons analysis

arXiv:2103.11684

. Signal

- Higgsino pair production (including cascade)

— Z(COL(LE) + ERFs

. Signal regions
- >= 4 |leptons

- m,, close to Z mass for both lepton pairs

(for GMSB analysis)
- b-jet veto

- EM > 100 or 200 GeV

. Backgrounds
- "Reducible" : ZZ, ttZ

- "Irreducible” : Z+jets, ttbar

> 10*
()]

Events /25 G
Eii

—h
o
N

10

/////////

///////

////////

San B L LR BRI
= ATLAS ¢ Data LttZ .
- a 1 # Total SM Higgs 7
- \s=13TeV, 13910 Reducible © VWV =
:_>SRO 77 loose .ZZ Other E

GGM ZZ m(%)=500 GeV

///////

¢ Data
%4 Total SM Higgs
Reducible ' VVV

— ATLAS

s=13 TeV, 139 fb
—P SRO0-ZZ

//////////////////////////
S
S S
S S
S S S
S S
S S S S S S
LL S S S S S
VSISO IIIIS VIIIIS

Events / 50 GeV

zz Other
GGM ZZ m(%3)=500 GeV

tight

SR0-22 7,

////////////////////////

| | | | | |
Wiz

S S S S S S S S S S S S S ST
(PPN Voo ovesseses

////////////

Data/SM
o

N

////////////////

////////////////////

/////////////////////////

Data/SM

//////////////////////////

/, S
%, S

100 120

140 160

180 200 220 24
ET° [GeV]


https://arxiv.org/abs/2103.11684

Four leptons analysis

.- Result
- Better sensitivity due to low

backgrounds for Z — ¢¢

Higgsino ;zg 35? ;zj’ > 7hG
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Two leptons + jets analysis

. Signal
- Higgsino pair production
— Z(¢€) hiZ(bblqq) + EMS

. Event selection
- 2 leptons with opposite-sign electric charge(OS),

at least 2 jets and EM

5 TEATLAS 0 eobw o &  A-ATLAS e bam =
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https://arxiv.org/abs/2204.13072

Two leptons + jets analysis

. Results
- Observed data in agreement with SM prediction
- Exclude higgsino Next-to-LSP mass up to 900 GeV
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https://arxiv.org/abs/2204.13072

Four b-jets analysis

. Signal
_ h(bb) h(bb) + ES
» Requiring Higgs mass

. High-mass search : mj; > 300 GeV

- EM™S > 200 GeV : trigger

- >= 4 jets ( >= 3 b-tagged )

» Paired based on ARj (captures both h/Z)
- Separated jets and large mefr
- 11 normalized to data

» Other backgrounds from Monte-Carlo

. Low-mass search : m; < 300 GeV

- b-jet trigger
> Allows probing low-MET
- >= 4p-jets
> Use 4 w/ highest b-tag score paired
based on ARj; and mj
- Multi-bins in MET and mefs
» Extract 2-tag—4-tag normalization
and shape corrections in dedicated regions
using purely data-driven BDT
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FO U Y b -j etS a n a IyS i S arXiv:1806.04030
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All-hadronic analysis

arXiv:2108.07586

H ~0
)Zheavy ............................ >~<1i )ZI_L —-—.ﬁ>fg
I
. Signal
- h1Z(qq) hIZ(bblqq) + EX™S %
bt

> Two "boson-tagged” jets with large radii

- up to two b-jets (b) (H,B)
. Simultaneous interpretation for the large mass difference region m (Jaq) [GEV]
between LSP and NLSP 105
- Methods applicable for inclusive searches for models ‘
with Bino/Wino/Higgsino LSP ‘ ’ "9
\p
. Boosted Boson Tagging AR 2M ~75
- For highly boosted h/Z—qqg/bb h.Z T L 7 65
» Combinations with jet mass ’
and jet-substructure variables for "2-pronginess 20 100 135 m (U
- Performance
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All-hadronic analysis

arXiv:2108.07586
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YV + bb analysis

ATLAS-CONF-2023-009

. Signal
- h(yy) h/Z(bb) +

. Methods

miss
ET

- Three orthogonal SR to gain sensitivity to
different Higgsino mass hypothesis and decay

modes

. Backgrounds

- Resonant background from H — yy
(subdominant) determined from MC

- Non-resonan

using data ir

t background (dominant) estimated
the sidebands of myy distributions
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YV + bb analysis

ATLAS-CONF-2023-009
Results
- Excluded m(7") < 200GeV in Higgsino pair production
Sensitivity extended at the lower mass region
. S0 2520 2020 £0 L n& o 73
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Summary

March 2023 ATLAS Preliminary \s =13 TeV, 36.1-139 fb’

A L B A L B
. Several searches by ATLAS = o0E / A E
targeting GMSB scenario performed - -
- Assuming prompt higgsino NLSP decays to h/Z+ G 1 B v E
. Results O 70‘ N P VX Xy g Xy Xy —
- No signhal seen D 60," (~3gi3'20c)5 or 7 & -
- Constraining simplified models motivated by 50l e U Cvected limits
General Gauge Mediation f’li \4' ‘\‘ \‘ Observed limits 7
40 - ', |‘ \‘ All limits at 95% CL _:
- ; A — 4b, arXiv:1806.04030 n
. Future 30 \ v\t | —4L aXivi2103.11684
- Much more data (140 — 400 /fb) E :' | o ey o
coming in Run3 to explore wider regions 20;_ ; Y == 7bb, ATLAS-CONF-2023-009-
> Stay tuned ! 10 ;' v —
03|...|;..|....|..“.|...|...|.3
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Summary of ATLAS SUSY Searches

ATLAS SUSY Searches™ - 95% CL Lower Limits

ATLAS Preliminary

March 2023 Vs =13 TeV
= -1 = =
Model Signature  [Ldr [ Mass limit Reference
] ] ] ] ] ] ] I ] ] ] ] ]
4G, G—qX\ Oe,u 2-6jets Ep 139 FgX 8x Degen] 1.0 1.85 m(¥7)<400 GeV 2010.14293
@ mono-jet  1-3jets  ET' 139 g [8x Degen.] 0.9 m(g)-m(X})=5 GeV 2102.10874
S 88 -9 Oepu  26jets EP™ 139 |z 2.3 m()=0 GeV 2010.14293
= z Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
8 88, §—>qu)?(1) Teu 2-6 jets . 139 g 2.2 m(¥7)<600 GeV 2101.01629
L 3z §—qG(eOX) ee, 2jets  Ep™ 139 |2 2.2 m(X})<700 GeV 2204.13072
@ 33 3-qqWZY) Oe,pu 7-11jets  EP™ 139 |2 1.97 m()?(l)() <600 GeV 2008.06032
% SSe,u 6 jets 139 |2 1.15 m(z)-m(¥})=200 GeV 1909.08457
= g gotit) 0-1e,u 3b ERsS 139 | g 2.45 m(¥})<500 GeV 2211.08028
SSe,u 6 jets 139 |2 1.25 m(g)-m(¥1)=300 GeV 1909.08457
biby Oe,u 2b Efniss 139 by 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
w = biby, b—bYy — bt} 0e,u 6b EE%SS 139 | & Forbidden 0.23-1.35 Am(P5,7))=130 GeV, m(¥)=100 GeV 1908.03122
I§ 1S} 27 2b EPS 139 | B 0.13-0.85 Am(Y3,%7)=130 GeV, m(¥})=0 GeV 2103.08189
O .
82 i, ho O-lepu  >1jet EMS 139 |7 1.25 m(¥)=1 GeV 2004.14060, 2012.03799
2 g_ i, i = Wbt Teu 3jets/1b ET™ 139 f Forbidden ~ 0.65 m(¥7)=500 GeV 2012.03799
Q5 fif1, =7 1bv, 111G 1-21 2jets/1 b ET™ 139 i Forbidden 1.4 m(71)=800 GeV 2108.07665
s £ AR, ok /86, ek 0e,p 2¢  Ep 381 |2 0.85 m(¥})=0GeV 1805.01649
" Oe,u mono-jet  E 139 f 0.55 m(7,¢)-m(¥})=5 GeV 2102.10874
i1, i =0, X9—7/ht 1-2 e, u 1-4p  EPS 139 | § 0.067-1.18 m(t5)=500 GeV 2006.05880
hiy, h—f +Z 3e,u 1D ERSS 139 7 Forbidden 0.86 m(¥)=360 GeV, m(7;)-m(t})= 40 GeV 2006.05880
XX via wz Multiple ¢/jets _ EE?SS 139 | X503 0.96 m(t")=0, wino-bino 2106.01676, 2108.07586
ee, >1ljet  EMS 139 | ¥ /Xy 0.205 m(¥T)-m(¥})=5 GeV, wino-bino 1911.12606
XiX| via ww 2e,u EMss 139 | X 0.42 m(¥})=0, wino-bino 1908.08215
XX via Wh Multiple £/jets EPSS 139 | ¥;/X; Forbidden 1.06 m(¥1)=70 GeV, wino-bino 2004.10894, 2108.07586
- XX vialy/v 2e,u EPS 139 | F 1.0 m(Z,7)=0.5(m(¥7 )+m(¥})) 1908.08215
= g 77 otk 27 Eps 439 | ¥ [FLARL] 0:16-0:3 0.12-0.39 m(t})=0 1911.06660
WS 7 riLg, I-C0 2e,u Ojets ~ EX 139 |7 0.7 m(t))=0 1908.08215
ee, jijt >ljet EMS 139 |7 0.256 m()-m(t})=10 GeV 1911.12606
HH, A—>hGZG Oe,u >3b EE%SS 36.1 i 0.13-0.23 0.29-0.88 BR()?g — hG)=1 1806.04030
de,u Ojets Ex™ 139 |7 0.55 BR(| — ZG)=1 2103.11684
Oeu =2large jets EF" 139 H 0.45-0.93 BR(X|, — ZG)=1 2108.07586
2e,p >2jets  EMS 139 | @ 0.77 BR(Y] — ZG)=BR(} — h()=0.5 2204.13072
Direct ¥1X1 prod., long-lived X7 Disapp. trk 1 jet EPs 139 | Xy 0.66 Pure Wino 2201.02472
= X 0.21 Pure higgsino 2201.02472
1) .
2 © stable  R-hadron pixel dE/dx EMs 139 |z 2.05 2205.06013
6);(:3. Metastable g R-hadron, g_)qq)?? pixel dE/dx E;“_SS 139 g [7(g) =10ng] 2.2 m(¥})=100 GeV 2205.06013
S 8 I Displ. lep EPS 139 | & 0.7 (0 =0.1ns 2011.07812
— _ 7 0.34 (%) =0.1ns 2011.07812
pixel dE/dx EPS 139 | % 0.36 7(f)=10ns 2205.06013
T 0 v Sze—eer e, 139 | XT/%] [BR(Z1)=1, BR(Ze)=1] 0.625 1.05 Pure Wino 2011.10543
XX 165 — Wwzeeetvy 4epu Ojets  EFss 139 (Wi aE0] 0.95 1.55 m(¥}])=200 GeV 2103.11684
38, 5oqq0), X\ = qqq 4-5 large jets 36.1 g [M(})=200 GeV, 1100 GeV] 1.3 1.9 Large 47}, 1804.03568
S 7 o) ) S bs Multiple 361 |7 [,=2e-4,1e-2] 0.55 1.05 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& f, i>bXT, X1 — bbs > 4b 139 |7 Forbidden 0.95 m(¥})=500 GeV 2010.01015
f1f1, fi—bs 2jets+2b 36.7 f1 [qq, bs] 0.42 0.61 1710.07171
iy, f1—qt 2e,u 2b 36.1 i 0.4-1.45 BR(f; —be/bu)>20% 1710.05544
Tu DV 136 | @1 [1e10< 4, <1e-8,3e-10< 4, <3e-9 1.0 1.6 BR(# —qu)=100%, cost,=1 2003.11956
XEIXS 7Y, 20— tbs, X{ —bbs 1-2e,u  26jets 139 | x; 0.2-0.32 Pure higgsino 2106.09609
1 1 1 1 1 1 1 I 1 1 1 1 1

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

Mass scale [TeV]
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Strong productions
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G0, O lep. [2010.14293]

ATLAS Preliminary-
bbx1 > 3 b-jets [2211.08028]
>3 b-jets + =2 lep. SS [2211.08028, 1706.03731]
g— quX O lep. + 1 lep. [2010.14293, 2101.01629]
g— qqZ X 2 lep. OS SF [2204.13072]
>7-12 jets + 1 lep. + =2 lep. SS
[2008 06032, 1708.08232, to appear]
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> 11 [1808.06358]
> 1y [2206.06012]

Cc\fl

CQZ

~y

g— qq(l/vviy.

e
I

Colours indicate different models
Observed limits at 95% CL

\ \

10001200140016001800 2000 2200 2400

m(Qg) [GeV]

\s =8-13 TeV, 20.3- 139 fb” March 2023

3000 | | | | | | | | | | | | | |
—  § = ~, a’, ~ ~ . . N
> - AT ase ATLAS Preliminary -
O] - §-— qy(f 0 lep. + mono-jet [2010.14293, 2102.10874] -
'—'2500_— g — qW)Z? 0 lep. + 1 lep. [2010.14293, 2101.01629] -
?XF - §—>qZ'% 2lep. OS SF [2204.13072] .
‘é’ i > 2y [1802.03158] )
2000 | > 2 lep. SS [to appear] —
G —aliviw, via TV = 2 lep. SS [to appear] ]
B > 11 [1507.05525] _
- Colours indicate different models ]
1 500 | Observed limits at 95% CL l
1000~ —
500 —

500

|\
1500

I I I
1000

2000

m(q) [GeV]

18



The ATLAS detector
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