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1. Introduction
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1. Introduction

1.b Neutralino Mixing

@ Neutralinos are linear combinations of bino, neutral wino and neutral higgsinos
%5 >:N21‘\é0>+N22-|W30>+N23'|F/2 >+Nz4-“'72>

@ Origin of the neutralino mixing is the EWK symmetry breaking

X3 — h® — LSP Coupling

o Consider 2 cases:
o Gauge-mediated SUSY breaking: higgsino )2(1] (NLSP), gravitino G (LSP)
@ Required phase space: AM = meo > my
i

| \

o Gravity-mediated SUSY breaking: mostly wino X3 (NLSP), mostly bino %0 (LSP)
@ Required phase space: AM = meg — meo > my,
i
@ Coupling: non-vanishing iff neutralinos are gaugino-higgsino admixtures
-0 -0 = _7 Noy — tanBy - Na1) (sinc - N1z + cosar - Nig
£39—10—x3 2sinOyy I )( )

+ (N12 — tanfw - Ni1) (sina - Noz + cosar - Nog)
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1. Introduction

1.c SUSY Particles Cross-Sections

PP, VS = 13 TeV, NLO+NLL - NNLOapprox+NNLL
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1. Introduction

d SUSY Searches at the LHC
Analyses Link to Int. Lumi.
Reference ‘ [fb_l]
Electroweakinos
Y+ %3 > W(— £F ) + h(— bb) + X ATLAS-CONF-2019-031 139
xli + %8 = W(— eEu) + h(— yy) + X ATLAS-CONF-2019-019 139
%E + %3 — W(ad) + h(— bb) + X Phys. Rev. D100 (2019) 36
GE 4 %9 = W(— £E0) + h(— bB) + X @ »
Xli + %8 = W(— eE0) + h(— yy) + X @ D
T+ %9 = W(— eE0) + h(— ww/zz/r7) — etet et 4 x @ v
A9 — Z/h(— bb) + G pairs Phys. Rev. D 98 (2018) 092002 36
Third Generation Squarks
B — t+ X3(— Z/h+ %J) pairs ATLAS-CONF-2019-016 139
m JHEP 08 (2017) 006 (36)
by — b+ X3(— h+ x7) pairs ATLAS-CONF-2019-011 139
» ATLAS-CONF-2018-040 (80)
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1. Introduction

1.e Analyses Strategy: Signal Regions

Signal Regions Background

SUSY Model (SR) Estimation (CR)

Likelihood Fit

o SR: Phase space regions with highest signal to noise ratios

Steve Muanza (CPPM M i NRS-IN2P3) Higgs Boson in ATLAS SUSY Searches September 23



1. Introduction

1.e Analyses Strategy: Control & Validation Regions

Signal Regions

SUSY Model ) ion (CR)

Likelihood Fit

o CR: Phase space region dominated by a background
process

o VR: Phase space region between CR & SR
Verify backgrounds extrapolation from CR to SR

observable 2

observasle 1
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1. Introduction

1.e Analyses Strategy: Likelihood Fit

Signal Regions Background

SUSY Model (SR) Estimation (CR)

Likelihood Fit

o Fits are performed in CRs and SRs, not in VRs

@ Background-only fit: main backgrounds normalized to data in their CRs (profiling syst.
uncert.), neglecting signal contamination in CRs, predict backrgound contamination in SRs
and VRs, calculates p(s=o)-value in SRs

@ Model dependent exclusion fit:
CLg limits on cross-section and SUSY particles masses in a given model
@ Model independent exclusion fit:

A0 95
CLs limit on 0,2, calculate p(s)-value separately for each SR
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for YT + %9 — W= + h® 4+ F7 with L = 36.1 fb!

@ Ref: Phys. Rev. D100 (2019)

@ Four signatures explored
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2. Searches in the EWK SUSY Sector
1

2.a Comprehensive Search for YT + %9 — W= + h° 4+ 7 with L = 36.1 fb~

o Fully hadronic channel: W=*(— qg’) and h°(— bb)
o Trigger: BT, with offline cut: T > 200 GeV
@ SR Definition:

| SRHad-High SRHad-Low

Variable

‘Vlepton = =

Niet (pr > 30 GeV) €[4, 5] €[4, 5]
Nijot =2 =
N > 0.4 > 0.4
EP [GeV) > 250 > 200
Megr [GeV) > 900 > 700
my [GeV] € [105,135] € [105,135]
Mg [GeV] € [75,90] € [75,90]
mer [GeV] > 140 > 190
mi™" [GeV] > 160 > 180

- +
Megr = X P7° + 5 b +¢T

My = &PT fr [1 + cosA¢(p #T ]

Mer = %,,f;l o2 [+ COSM,(,,J;] #2)]
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for YT 4+ X9 — W= + h® + E7 with L = 36.1 fb!

o Fully hadronic channel: W=*(— qg’) and h°(— bb)

o Background: tt dominant in all SRs

@ Main Systematic Uncertainties: theoretical (tf) in SR-HadLow, experimental (JES) in
SR-HadHigh
e CRs: 0L B0 rev,som e s Ex::‘:

CRHad-TT(HM) mi Oiv
Dsingietop  MDivoson

Events / 50 GeV

Data/SM
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2. Searches in the EWK SUSY Sector

o Fully hadronic channel: W=*(— qg’) and h°(— bb)

o Background-only fit: systematics profiled

CR channels CRHad-TT(HM) CRHad-ST(HM) CRHad-Zj(HM) CRHad-TT(LM) CRHad-ST(LM) CRHad-Zj(LM)

Observed events 102 17 39 695 23 8
Fitted bkg events 102 + 10 17+4 39+6 695 + 26 2345 78+9
7 97 +11 3.7+£20 29424 659 & 34 47423 10412
Single top AT 105 ot 19+19 15+6 1.0£0.9
W+ jets 11.5‘:3‘5 22+ 1.1 0.0059 £ 0.0025 3.9+3.1 2.8+ 1.2 0.0059 £ 0.0026
Z + jets 1L.1+£0.6 0.08 £ 0.07 3247 9.5+3.2 0.09 £ 0.04 63+ 17
tH+V 0.634+0.14 0.62 +0.16 20404 31405 0.80 +£0.17 3.7+0.6
Diboson 0.08708% <0.07 0.840.8 1.16 + 0.34 <0.07 0.8+0.5
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for YT 4+ X9 — W= + h® + E7 with L = 36.1 fb!
o Fully hadronic channel: W=*(— qg’) and h°(— bb)

S —————
8 20 ATLAS * Data W w+ets =
. o 18 (s=13Tev,361fp" STomsw [Hzvets 7
@ SR Unblinded: ® SRHad-Low E“ E“V E
5 16 Single top Diboson  —
2 smyoevs

< P e m@ R R=Es00) Gev ]
& 1 /KX )=(650, E
I m( K)=(700,0) Gev 1
) e E
10 -
8 ]

6

4

2
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for YT + X9 — W= + h® + E7 with L = 36.1 fb!

o Semi-leptonic channel: W=(— ¢*v) and h°(— bb)
o Trigger: E7, with offline cut: T > 200 GeV
@ SR Definition:

Variable ‘ SR1Lbb-Low SR1Lbb-Medium SR1Lbb-High
Nlepton =1
ph [GeV] > 27
Niet (pr > 25 GeV) =2or3
b-jet =2
B [GeV] > 200
mer [GeV] > 160
mp [GeV] € [100, 140] € 140, 200] > 200
5 [GeV] € [105,135)
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for YT 4+ X9 — W= + h® + E7 with L = 36.1 fb!

o Semi-leptonic channel: W=(— ¢%v) and h%(— bb)

o Background: tt dominant

o Systematic Uncertainties: theoretical dominant in all SRs, experimental (JER) sub-dominant
e CRs:

> T T T T T T
2 ATLAS ® Data W W-iets
o 1 s -
o Vs=13TeV,36.1fb" Totalsm [Jiv
© CR1Lbb-TT(HM) W [ Diboson
) [single top [l Others
g
>
|
=
2
s
o
e U
| | | | | | |
200 300 400 500 600 700 800 900 1000
my [GeV]
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2. Searches in the EWK SUSY Sector

2.a Comprehensive

arch for ;{f + X

o Semi-leptonic channel: W=(— ¢*v) and h°(— bb)

@ Background-only fit: systematics profiled

CR channels  CRILbb-TT(LM) CRILbb-TT(MM) CRILbb-TT(HM) CRILbb-Wj CRILbb-ST
Observed events 192 359 1115 72 65
Fitted bkg events 192+ 14 359+ 19 1115+ 34 72+9 65+8
t 147 + 33 325 + 32 1020 + 90 15+ 14 20135
Single top 28 + 25 WL 60170 4 33+25
Wtjets 16+7 7.3+27 25+ 11 51417 844
tH+V 1.16 £ 0.20 2.8+04 6.9+11 0.079+0.022 32406
Diboson 0.57 +0.24 0.92 +0.29 13404 21+11 0844028
Others 0.125 + 0.032 0.20 + 0.06 19405  0.24+017 0.10+0.04
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for YT 4+ X9 — W= + h® + E7 with L = 36.1 fb!

o Semi-leptonic channel: W= (— ¢%v) and h%(— bb)

> T T T

8 ATLAS ® Data W w+ets
=S Vs=13TeV,36.1fb" jToaism [Jiv

@ SR Unblinded: @ SR1Lbb-Low Wi [Woiboson
0 [singletop [l Others
g 1052 m,/Gev < 135 e m(IK)=(550,75) Gev
m MO/ K)=(625.0) Gev
=
I}
|
5
o
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for YT 4+ X9 — W= + h® + E7 with L = 36.1 fb!

o Leptonic channel: W=*(— ¢*v) and h°(— WW /ZZ/7T)
o Trigger: 1 Lepton OR 2 Leptons, with offline cut: pr(¢%) > 25 GeV
o SR Definition: ¢t¢* + E7 channel

Variable | SRSS-j1  SRSS-j23
Ange <15 -
Nie, (pr > 20 GeV) =1 =2or3
Nt =0 =0
B2 [GeV] >100 > 100
my [GeV] > 140 > 120
Mg [GeV] >260 > 240
my;5) [GeV] <180 <130
mry [GeV] > 80 > 70

Mty = ming, [maX (MT(VTisA, Gr|My), MT(¥SB7ET = 5T|Mx))]
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for ;\Zli + %3 — W* + h0 4 F7 with L =36.1 fb~!
o Leptonic channel: W=(— ¢*v) and h%(— WW /ZZ/7T)

o Main Background: Fake and Non-Prompt (FNP) leptons

o Main Systematic Uncertainties: experimental uncertainties in estimates of FNP
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for YT 4+ X9 — W= + h® + E7 with L = 36.1 fb!

o Leptonic channel: W=*(— ¢*v) and h°(— WW /ZZ/7T)

T T T T T T
ATLAS
s=13TeV,36.1fo! * Da@ Oz
SRSS23 %1oaism  [Jav
R [CInon-prompt [l charge flip—|
Ewz W other
BWww
o0

....... mGL/T;)=(175,0) GeV ]

®

@ SR Unblinded:

Events / 50 GeV
N

)

=
T T T T T T T T T T
IR RN AR R AR RN LA

A o @

S

50 100 150 200 250 300 350 400
ET [GeV]
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2. Searches in the EWK SUSY Sector

0

S 10°E ATLAS eDaa  [Osingletop [Jiv -

I V5=13TeV, 361 b Rowisv Wwsiers  [oiboson
OIbb, 1ibb mi Ozves  @omers 7

t

g 2

o i

3 9 —

: -

=

£ s s s s

5 P, '%“m Rl“"tow Ritgy, Plkbbﬁ)gh

Events

(M Nored)/ O

ATLAS epaa  @ww  [oters
{s=13TeV, 36.1fb" RTowsm [zz WHiogs SM.
[ [Enon-prompt [Jiv riboson
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SR S Sk, kS Sk Sa.
SS1 Sz 3L~op031 3#0%51 34~sr05a “‘Lsposl
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Searc 5+ X5 — WE + b+ E7 with
@ Model Independent Limits:
Tyis (D] Sebe S po-value
SRHad-Low 0.26 94 95733 0.50
SRHad-High 0.10 3.6 43438 0.50
SR1Lbb-Low 0.23 8.3 8.0%33 0.46
SR1Lbb-Medium 0.28 10.0 56717 0.04
SR1Lbb-High 0.18 6.4 61734 0.44
SR1Lyv-a 0.15 5.5 BRI 0.03
SR1Lyy-b 0.28 10.1 6.47%8 0.09
SRSS-j1 0.12 4.2 G 0.50
SRSS-j23 0.27 9.9 6.6°%1 0.17
SR3L-SFOS-0Ja 0.08 3.0 44773 0.47
SR3L-SFOS-0Jb 0.16 5.9 5.0 0.35
SR3L-SFOS-1J 0.26 9.2 9.473% 0.50
SR3L-DFOS-0J 0.08 3.0 3.8%%8 0.43
SR3L-DFOS-1Ja 0.25 9.0 ORuH 0.50
SR3L-DFOS-1Jb 0.10 3.7 10748 0.50
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for YT + X9 — W= + h® 4+ E7 with L = 36.1 fb!

>
7
%
~
8
°)
c
S
£
3
-
O
S
n
=3

XX~ Whi X2, mGd) = 0 Gev
R B o L o e B
LATLAS —1Ibb
| Vs =13 TeV, 36.1 b —olbb
3
—Fr
—1yy
— observed
---expected

o All Channels:

10

200 300 400 500 600 700 800
mix/x;) [GeV]
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2. Searches in the EWK SUSY Sector

2.a Comprehensive Search for ¥ + %3 — W* + h® + E7 with L = 36.1 fb~*

50|

X, - wn €56
> o T 3
o All Channels: & 300 ATLAS E
: [ Vs=13TeV, 36.1 b’} All limits at 95% CL ]
< 250F - 0bB - Expected e
€ F —1bb  — Observed B
E——rF ]
2000 41 =
150 E
100 E

500706 800
mEr%) [Gev]

0

il | | |
200 300 400 500
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2. Searches in the EWK SUSY Sector

2.b Search for ¥F + %9 — W*(— + hO(— bb) + E7 with L =139 fb~?
@ Ref: ATLAS-CONF-2019-031

al}ﬂllﬂlivm

; v
VR0 ‘SIRILM Ilmm
’ %

2
SRMM II
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-031

2. Searches in the EWK SUSY Sector

@ Ref: ATLAS-CONF-2019-031

RE - wn 3w . h B
500p T T T T T
450F- ATLAS Preliminary
=13 TeV, 139 b, All limits at 95% CL
400E ___ eopecea im0,
35

30 s .
25 .
20
151

i — T
ATLAS Preliminary 4 Data = Total SM
=137V, 139" & I Single top
Lefu+bB+E7 B W+ets [ Di-/Multiboson
Others

- Observed Limit

Number of events

g
g 10
5 5
O s i zeEzzzIzIEIob S5 5555 7 3
z I 52 £z Iee £ e £ e g L L Il Il L Il I I I
A R R R R R R 0%300 300 400 500 600 700 800 1000
mx;/x) [GeV]
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2. Searches in the EWK SUSY Sector

Channels Names|

Category 1
Category 2
Leptonic  Category 3
Category 4

Selection

Category 5
Category 6
Hadronic ~ Category 7
Category 8

M;; € [10,120] GeV.
>2, Mj; € [40,120] GeV
> 2, Mj; € [40,120] GeV’
M;; € [40,120) GeV'

Category 9
Category 10
Rest  Category 11
Category 12

N;j<2or (N, >

Mj; ¢ [40,120] GeV)
M, ¢ [40,120] GeV)
. M, ¢ [40,120) GeV)

2
=
2,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-019

2. Searches in the EWK SUSY Sector

@ Ref: ATLAS-CONF-2019-019

) )
o 350 . ; - =, ATLAS Preliminary —— Observed limit
3 E ATLAS Preliminary ;:tlal-vv-b E w 1k (s=13Tev,139f5* . Expected it
v 30F 5= 1 3 X = iss iss ]
2 E s=13Tev, 139" . Non-resonant Bkg | < [ PP = Nipgcoy + BT~ vy + E7°° [ Expecteds 10 lmit |
2 E —— Fitted Signal = X L ]
$ 25 r 1
E g SM Higgs E 5 i [ expected: 20 it
200 —— Total E E|| L I 1
E E 29 I
E 3 s
1085 E F I I I I I 1
o - i L | . LE
E ) ) B [[Limits at 95% CL 1
0 110 120 130 140 150 160 2 2 2 2 2 2 2 2 2 ¢ ¢ ¢
5 % % 3 % %2 % % 3% 3 3 3
S T T
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2. Searches in the EWK SUSY Sector

@ Ref: ATLAS-CONF-2019-019

XX - ?h BR&k w‘?) BR&D r&‘j 100%
ET

" K50~ we X, BREE - W) = BRAS - hid) = 100%
10 ]
g = Gpserved it ‘ R ‘ " T ATLAS Preliminary
Expected limit ATLAS Pvehmlnary 1Ibb, [arXiv:1812.09432] Vs =13 TeV, 139 fb*
[ Expected: 1o fimit OIBb; [arxiv:1812.09432] .
I Expeciod 2 i V5= 13 Tev, 130 16" . [arXiv:1812.00432]
B Theoretical prediction Limits at 95% CL —— 1y, lanv1812.09432] Limits at 95% CL

— Observed

m&‘j) =0.5GeV

10

1072

I I I I I I I I I T H i
150 200 250 300 350 400 450 500 550 600 506~ 500 900 500600 500

M) [Gev] m(e &E) [GeV]
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2. Searches in the EWK SUSY Sector

2.d Search for H — Z°/h°(— bb) + G pairs with up to L = 36.1 fb~!
@ Ref: Phys. Rev. D 98 (2018) 092002

@ Search topology: at least 3 b—jets+/E(-r

>y
b B160-
g [
p h/Z b §14OT Kinematically
rd L
-

notallowed

\

1
[N
n
@

9

VR

1

9

R VR CR

Il Il L Il
80 100 120 140 160 180
m(hl) [GeV]
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2. Searches in the EWK SUSY Sector

2.d Search for H — Z°/h°(— bb) + G pairs with up to L = 36.1 fb!
@ Ref: Phys. Rev. D 98 (2018) 092002

@ Search topology: at least 3 b—jets+/E(7—

ﬂ T T T T T T T
S imi e Data = Total background
.- ATLAS Preliminary o £ e op
w (5=13 TeV, 36.1 fb* B X [ Weers
[JZ+jets [ Diboson
[ Multijet
10
Y
N
1
107"
=
o
0 — — et
2
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2. Searches in the EWK SUSY Sector

d Search for H — Z°/h%(— bb) 4+ G pairs with up
o Ref: Phys. Rev. D 98 (2018) 092002

@ Search topology: at least 3 b—jets+/E(-r

- == NLO*NLL HH prod. + 1o
" ATLAS PreIlmlnf\ry — Obsewved limit
\5=13 TeV, 24.3-36.1 b - - Expected it
W B

B(H — hG) [%]

Al limits at 95% CL.

Cross section [fb]

, L , L L
200 @0 S0 G0 700 80

.
R

m(H) [GeV] ATLAS Preliminary

> 2 V5=13TeV, 24.3-36.1 b

gie s Observed limit (= 1055)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.98.092002

3. Searches in the Strong SUSY Sector

for stop pairs in tt + hZ +

@ Ref: ATLAS-CONF-2019-016
Pre-selection
Number of signal leptons >3
t Number of SF-OS pairs >1
h Leading lepton py [GeV > 40
p 'l
[l - -0 Subleading lepton py [GeV] > 20
= 5(3 X1 |m3EO% —my| [GeV] <15
- -0 Requirement / Region SRis  SRip SRay  SRup
RN X2 )20 Third leading lepton pr [GeV]  >20 >20 <20 <60
ty ! Njers (Pr > 30 GeV) >4 25 23 23
p 7 T taggedjots (Pr > 30 GeV) >1 0 >1 - =i
Leading jet pr [GeV] - - >150
t Leading b-tagged jet py [GeV] > 100
EP™ [GeV] >250 >150 >200 > 350
P [GeV] -~ >150 <50 >150
mi, [GeV] > 100 - -
y
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-016/

3. Searches in the Strong SUSY Sector

a Search for stop pairs in tt + hZ + 7 final states wi

@ Ref: ATLAS-CONF-2019-016
i prodion T, 1+ 2.8 - 2n+ £, m)<0ev
Y 12007 T t T T 7
H ATLAS Preliminary o Data 3% Standard Model 8 [ ATLAS Prelminary ]
g 14 vy = {5=13 Tev, 139 1o ]
=13 TeV, 139 fbr FNP W Muti-boson 2 L TVt
2 iz -2 and 2 E ]
M [ === Expected Limit(s10,) ]
SR, L == Observed Limit 4
8 o

o0~ axiv1706.03986 1
. NN [ B
4 AN L ]
\\\\\ 600— —
2 ]
E L ]
8 o | anof 1
g o i i i i r 1
H } | r 1
2 L 1 . 4
7 (G (200.250) (Z50.300) (H00350) 2360 150 150 »150 2150 2200 (300350)(B00350) 2350 »350 20— . |

e 008 ‘ 2 0%00) (300.450) (430600) 800 <50 (s0180) ~15b ) B0150) > 150 I
m(;) [Gev)

y
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-016/

3. Searches in the Strong SUSY Sector

3.b Search for sbottom pairs in +F£7 final states with L = 139 fb~!
® Ref: ATLAS-CONF-2019-011

h SRA, SRB CRA1¢, CRB1¢
VRAO?, VRBO?Y

b
X5
-0
<~ X2 -
j - 1 3
p I :
b ! N
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011/

3. Searches in the Strong SUSY Sector

3.b Search for sbottom pairs in +£7 final states with L = 139 fb—!
® Ref: ATLAS-CONF-2019-011

%sm ot § pata

©

) T T > 12 T T T T T T T T
§ - zejets Wi ] imii
g ATLAS Preliminary ! g ATLAS Preliminary [z Boter
V= 13 TeV, 139 ! Moter  Wsingle-top T 10 5=13Tev, 1391 zrjes [ singec
SRs, postfit . 2 § ! oeton
%SMTotal ¢ Data g SRA, post-fit
g
w

..... (5, 1050) = 1100, 330, 200 Gev

——

il s
50 100 150 200 250 300 350 400 450
m(h,,.) [GeV]
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o

L L L L L
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011/

3. Searches in the Strong SUSY Sector

b Search for shottom pairs in +-£7 final states wit

@ Ref: ATLAS-CONF-2019-011
5, B,production 5, ~ b K~ b am (. = 130 Gev

5,5, production 5, ~ b 8 ~ b ¥ miy = 60 Gev s o T T T T ]
% 1600 ‘ ‘ ! ! ! | 8 1400~ ATLAS Preliminary |
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= [ Vs=13TeV, 139 fb?, 95% CL ] 52 1200 |
§m 1400 P — g F - Expected Limit (+10,,,) ]
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E 1200 3 4 10001~ e ]
£ L ] F @ 1
1000~ i 3 800~ -
800 'v' — 6001 == g
600 % = 4000 3
3 .» ? L pp———— e
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011/

Conclusions (1/3)

Higgs Boson as a Probe for SUSY

@ LHC experiments have started to be sensitive to SUSY production with a Higgs boson in the
final state at Run2
@ Analyses started probing the following couplings:
o Gravity-mediated SUSY breaking models: g)_(gihoiig
o Gauge-mediated SUSY breaking models: g’:’?,2_h0_é

o Most of these analyses already cover the full Run2 dataset, corresponding to L = 139 fb—!

@ No significant excess of data over the SM expectations are found
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Conclusions (2/3)

us of the Exclusion Limits

Analyses Largest Excluded Mass Int. Lumi.
at 95%C. L. [GeV] 1]
Electroweakinos
X+ 53 = W(— ¢Ev) £ h(— bB) + X M_g 4 > 740 139
X5, X1
for M_og =0
LS|
X5 + K3 = W+ h(— v) + X M_o 4+ > 310 139
X3.X7
forM_g =0
X1
%E + %3 — W(qd') + h(— bb) + X M_o 4 > 680 36
X5,X1
for M_og =0
LS
T+ %0 = w + h b) + X M
X1 + Xy = W(— £+ v) + h(— bb) + L0 o= > 540 36
X3.X7
forM_g =0
X1
XE + %3 = W(— eF0) + h(— ww/z2) M_o 4 > 275 36
X5,X1
- eEeE /30t 4 x for Mg =10
1
E %9 o w(o T h X M 180 36
Xp + Xy = W(— v) + h(— vv) + )~(o)~(i>
2°X1
for M_g = 0, (Exp. Limit)
X1
A9 — Z/h(— bb) + G pairs My > 880 36
for MG =0
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Conclusions (3/3)

Status of the Exclusion Limits

Analyses Largest Excluded Mass Tnt. Lumi
at 95%C. L. [GeV] |
Third Generation Squarks
f — t+X3(— Z/h+ X3) pairs Mz > 1120 139
for M, o .0\ = (875,0
(x8,%9) { )
Mz~ > 830 (36)
for M, g _o. = (520, 0
(%3.%9) (520,0)
by — b+ %3(— h+ xJ) pairs Mg > 1500 139
for M, .o .0y = (1100, 60
(28,9 = (1100.60)
My > 1400 (80)
for M, o .o\ = (1250, 60
(%3,%9) { )

@ More results are in the "pipeline”, check regularly "ATLAS SUSY Limits Summary Plot”
o Reminder: these limits hold only for the considered Simplified Models
o An effort to interpret ATLAS Run2 SUSY searches in complete models (pMSSM) is

ongoing...
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-022/fig_23.pdf

BACK-UP J
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Supersymmetry

Minimal Supersymmetric Standard Model

@ Associates a new field with S + % to each SM field, with "N = 1" SUSY operator (rep. for
chiral fermions)

@ Same gauge group as the SM (no new gauge interactions)

o Needs two SU(2), Higgs doublets (avoid anomalies from higgsinos)

o Parametrize the SUSY breaking through 109 parameters, in addition to the 19 SM
parameters

@ These are soft SUSY breaking parameters (don't re-introduce quadratic divergences)

@ SUSY broken in a high energy "hidden sector” (unknow mechanism)

@ SUSY breaking is mediated to the "visible sector” O(1 TeV) via

e gravitational interactions (or anomalies)
e gauge interactions
o R-parity: Rp = (—1)L+25+38 is conserved
e SUSY particles are pair-produced
o Unstable SUSY particle decays into 1 lighter SUSY particle
o Lisghtest SUSY particle (LSP) is stable = good candidate for Cold Dark Matter
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Neutralino Mixing

e MSSM Lagrangian: £ D %(@%)tMN\U(Z + h.c.
o Interaction basis: (W0)t = (—iéo, —iW2, A, I:IS)

o Neutralino interaction eigenstates: . .
IXiz12,3,4 >= Niv - [B® >+ Nig - [W > + Nig - [HG > + Nig - |[HG >

o Neutralino mass matrix:

My 0 —Mzcosfsinfy, MzsinBsin6y
My — 0 Mo MzcosBcosOy,  —MzsinBcoslyy
N'=| —MzcosBsinfy,  MzcosBcostyy 0 —u
MzsinBsin6\y —MzsinBcosOy —u 0

@ Neutralino mass eigenstates: |M>~<<_)71 vs 4| = diag (My) = Ut MyU*
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Thanks for your attention
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