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Why missing E+ (MET)?

Clear proxy to BSM physics in colliders

» Provides direct and model-independent
signatures of BSM

» Helps in reducing SM backgrounds
(e.g. multi-jet events)

Jets (visible)

ATLAS-PHOTO-

2016-026-3

“Dark sector” search programs at ATLAS (in a broad sense)
» Object-based invisible searches (e.g. E%niss+ X)
» Supersymmetric DM (stau-bino coannhilation, wino, higgsino, and etc.)
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Four new BSM search results which use EXSS with full Run 2 data

N O
o O

ATLAS Online Luminosity
2011 pp =7TeV

—— 2012 pp E 8 TeV
2015 pp 13 TeV

13 TeV

13 TeV

13 TeV

13.6 TeV

13.6 TeV

13.6 TeV

ﬁ

» DM s-channel mediator search summary

—— 2016 \{E

—_— 201733 F
— 2018

pp =

=

5

(o)}
o

— 2022 pp

o)
o

2023 pp
2024 pp

> Stau and electroweakino search with EXSS + di-tau

N
o

o
=
>
=
0
o
=
S
-]
4
g
O
S
o
=
[
O

w
o

> Higgsino search with EX'SS + displaced track

N
o

uonelqies ¢/

—
o

» SUSY EWK pMSSM summary

o

oct
Month in Year

All results accessible from AtlasPublic page
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DM with s-channel mediators SAHICEPP

The University of Tokyo

+» Reinterpretation of ATLAS searches in the context of s-channel DM simplified models
» Dirac fermion DM with spin-0 or spin-1 mediator

Benchmark models

Mediator Acronym Symbol \ JE ‘ Couplings Signatures

Spin-0 N T A

Scalar 1.0 1.0 | Jet + EDSS, ¢f + Emiss,
bb+EPS,
Pseudo-Scalar 1.0 1.0 | t(W/j)+ EF"™, titt

Spin-1 8y
1.0

Vector

YO Sewyiwiz +Emis,

Dilepton resonances,
Dijet resonances

Axial-Vector

EXOT-2018-62
Jun 3, 2024 Kaito Sugizaki (UTokyo) - LHCP 2024 at Boston e —


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-62/

DM with s-channel mediators ICEPP

+» Summary of considered analyses targeting spin-0 mediator models
» Most have the typical E{'">° + X signatures

Analysis Models targeted Final state signature Key Characteristics

Boosted decision tree and binned
likelihood fit of cos 6, , .
Statistical combination of 77 + ET"*
final state analysis

bb + EIS [53] S/PS 2 b-jets, EXS, 0 ¢

tf + EMSS [54-57] S/PS 0-1-2¢, EX™S, > 1 b-jets

tW + EIsS 0-1¢ [58] S/PS 0-1¢, E™sS, > 1 b-jets, W tagged jets ~ Binned likelihood fit of Emiss

tW + ErTniss 2¢ [59] S/PS 2¢, > 1 b-jet, E%ﬂss Single bin likelihood fit
tj + E%‘iss [59] S/PS 1¢, 1-4 jet, 1-2 b-jet, EITniSS Binned likelihood fit of BDTs
Jet + E%liss [60] S/PS,V/AV 1 high-pr jet, E%‘iss, 0¢ Binned likelihood fit of E%liss

tt [71,72] V/AV, S/PS {+jets; 2 large-R jets Binned likelihood fit of m;,z
tett [73] S/PS Same-sign £*£* and £*£*£F Binned likelihood fit of BDT

EXOT-2018-62
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DM with s-channel mediators SAHICEPP

The University of Tokyo
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The University of Tokyo

Stau and electroweakinos: EM'*S + di-t

+ Target physics

Direct stau production Electroweakino pair production with intermediate staus

Motivated by |4

stau-bino
coannihilation
scenarios
> Key features » Key features
« Di-t trigger « Di-7 and di-t + EXSS triggers
« SR categorization by target mass m(7) * SR categorization by target electroweakino
and mass splitting Am (%, )’Z{’ ) masses and tau charge combination

- BDT trained for each SR using EXsS,
pt and mt of taus, and their relative positions

SUSY-2023-03
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Stau and electroweakinos: EXIsS 4 dI-T SHICEPP

Direct stau production ATLAS 4Data M Total HMuli-boson = - - (s, 7) - (0, 1) GeV
. . Ys=13TeV, 139 fb Wijets [l Top Z+jets 7
< Background components and estimation Direct stau channel [l Higgs | Mutiet
» Multi-jet: data-driven ABCD method
» W /Z + jets, multi-boson, and tops: normalized MC v s )

R o

—
<

—
<

=== m, :’)=(4oo, 1) GeV

Number of events
QL

% Exclusion limits set on mass-degenerate 7, ; and
separate 7; and 7 pair production
» Significant improvement by the introduction of BDTs
 Limits greatly extended for 7, ; and 7, productions
Sensitivity to T production for the first time at ATLAS
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Stau and electroweakinos: E™'sS

ICEPP

The University of Tokyo

Electroweakino pair production with intermediate staus

ATLAS

« Background components and estimation
» Multi-jet: data-driven ABCD method
» W/Z + jets, multi-boson, and tops: normalized MC
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+ Exclusion limits set on wino-like electroweakinos decaying
solely to staus and sneutrinos
» Limit extended by about 400 GeV for higher masses
» Sensitivity in compressed regions improved by
addition of SS tau channel
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Vs =13 TeV, 139 fb™
Intermediate stau channel
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¢ Data <=SM Total
Wiijets [l Top quark [l Z+jets
B Higgs Multi-jet
= = = m(x;, %) = (300, 150) GeV = = = m(X:, %) = (700, 400) GeV
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Higgsinos: ET"'*° + displaced track w!GEPP

+ Target physics: higgsino LSP with compressed mass spectra
> Am(ii, 7)) = 0.4-1GeV, not yet searched at the LHC
» Highly motivated by natural SUSY but very challenging

< Signature: jet + ESS + low-p displaced track

» Main selections
« EIISS trigger
« Leadingjet pr > 250 GeV & EX'5S > 600 GeV
* Track with pr =2-5 GeV, d, significance > 8
* Lepton and photon veto

» Leading backgrounds
« W(- 1v) + jets with displaced tau track
« W/Z + jets with displaced QCD track

SUSY-2020-04
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Higgsinos: E™SS + displaced track

ICEPP

The University of Tokyo

+» Background estimation
» Tau track: MC normalization using CR with higher track pt (8-20 GeV)
» QCD track: data-driven method using W (— uv) + jets dominated CR

+» Excluded up to higgsino mass of 170 GeV
» A step closer to closing the “higgsino gap” with LHC

ATLAS

Vv/s=13TeV, 136-140 fb~"

PP — X3X7» XX 3> XiX1 X7 Xy (Higgsino)

m(x3) = m(x3) +2Am(x7, X39)

3¢ + Soft 2¢
Disappearing track, m(x3) = m(x?)
LEP2 %f excluded

=+ Theoretical prediction for pure Higgsino

All limits at 95% CL

SUsY
+1 Utheory)

-~ Expected Limit (+10exp)

Data / SM
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(ec0)? [fb] 0.10
95

SR-Low

Observed data 35

SR-High
15
SM prediction 37+4 14.8+2.0

QCD track 140+1.7 10.0x1.6

W(— 1ev)+jets 9.6+1.6
W(— m,v)+jets 10.6 +2.0
Others 32+0.7

obs

13.5
6.3
15.1%63

ATLAS
s=13TeV, 140 fb

2.0+0.6
1.9+0.8
0.8+0.4

0.07
9.9
9.65%%

¢ Data N\ Total SM
QCD track Wijets (g, 4 track)

W-jets (t,,, track) Other

(Signal m(%"), Am)=(125, 1.0) GeV
- = (Signal m(¥.), Am)=(150, 0.5) GeV
(Signal m(i1), Am)=(125, 0.35) GeV
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SUSY EWK pMSSM summary cICEPP

pMSSM Parameter Meaning
. . . tan 3 Ratio of the Higgs vacuum expectation values for the two doublets
X Relnterpl‘etathn of e'ght ATLAS SUSY EWK My Pseudoscalar (CP-odd) Higgs boson mass parameter
searches in the context of 19-parameter p Higgsino mass parameter
. M, My, M3 Bino, wino and gluino mass parameters
phenomenOI()glcal MSSM (pMSSM) model A;, Ap, Ar Third generation trilinear couplings

Mg, M, Mz, , M}, Mz,  First/second generation sfermion mass parameters
MQ~, Miy, My My, Mz, Third generation sfermion mass parameters

+» Workflow (simplified)

Detector-level evaluation

Sample random pMSSM « ATLFastll
points obtained from scan « RECAST
/ l Yes
(Calculate various A e
observables & xsecs, 0.001 < CLEXP-best g1 Use particle- Exclude if CLPS < 0.05
filter models ) - B No Jevel results (with best exp. analysis)

SUSY-2020-15
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@ The University of Tokyo

SUSY EWK pMSSM summary

EWKino BinoDM

o . |M;| range 0-2TeV 0 - 500 GeV

+» Two pMSSM scans performed for model sampling LSP type Neutralino Bino-like neutralino
» General electroweakino scan Number of models generated:

Sampled 437500

(squarks and slepton decoupled) Successful generation 370017

» Bino DM scan to compensate models in Correct LSP type 286267

ug |” . e e h Satisfy DM relic density constraint QA% < 0.12 11122

unnel” regions, surviving the Satisfy LEP chargino mass constraint 10174

relic density constraint 120 GeV < m(h) < 130 GeV 8897
Satisfy non-DM external constraints 5752

Satisfy all external constraints 1769

+» Considered analyses

Analysis Relevant simplified models targeted

FullHad [24] Wino ¥ X5 via WZ, Wino Xi%5 via Wh, Wino ¥} ¥] via WW
1Lbb [15] Wino X7 X3 via Wh
21.0J [19] Wino X X1 via WW, slepton pairs

212 [25] Wino X7 X3 via WZ

3L [23] Wino ¥ 45 via WZ, Wino ¥ %5 via Wh, higgsino X D794t
4L [22] Higgsino GGM

Compressed [20] Wino X li)? 3 via WZ, higgsino X f)? 3)2 ?

Disappearing-track [27] Wino X f)? { and X li)? (1)

SUSY-2020-15
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SUSY EWK pMSSM summary

+» Result interpreted as the fraction of models excluded
» Constraints on pMSSM are generally weaker than those on simplified models
» Bino-LSP (including funnel regions) almost completely excluded, by also
considering external constraints

ATLAS
EWKino scan, /s =13TeV, 140fb™"
ATLAS exclusion fraction

@ The University of Tokyo

EWKino scan BinoDM scan
Bino-LSP Higgsino-LSP  Wino-LSP

Electroweak precision constraints 9.7 % 9.8 % 9.7 %
Relic density constraint 96.0 % 12.8 % 0.3 %
Direct detection constraints 83.8 % 67.7 % 24.4 %
All non-DM external constraints 39.3 % 29.3 % 37.8 %
All external constraints 98.8 % 75.8 % 54.0 %

Overall ATLAS Run 2 + non-DM external 46.7 Y% 33.9 % 67.5 % 53.4 %
Overall ATLAS Run 2 + external 98.9 % 77.3 % 83.0 % 84.1 %

SUSY-2020-15

3
2 FullHad 2.6 % 3.0 %
c c ) 1Lbb 0.0 % 0.0 %
W|n0/b|n0 for é Compressed 1.4 % 0.0 %
. [e]
a" CO“S'dered g 21L.0J 0.0 % 0.0 %
= 21.2] 2.9 % 3.1%
models 5 3L (off-shell) 0.6 % 0.0 %
| I 3L (on-shell) 0.8 % 1.2 %
800 1000 1200 ' 417 0.1 % 0.0 %
@) [GeV] Disappearing-track 0.1 % 45.7 %
Overall ATLAS Run 2 SUSY searches 11.2 % 5.7 % 48.5 % 25.0 %
ATL. o 13 7oy, 401 m(A) > 480 GeV 0.4 % 1.6 % 0.4 % 4.8 %
_ ATLASoeigﬁJs,io?ir_actio:a}ter non-DM external constraints 8(”1 — lIlV) < 0107 04 070 00 070 00 070 81 070
E — gggg;zs;e:;g};;g_p'- Overall ATLAS Run 2 11.6 % 7.2 % 48.7 Y% 28.3%
ngg SinO for °:>'<' Flavour constraints 33.8 % 22.8 % 32.5 %
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The University of Tokyo

Summary SHICEPP

< Wide variety of search programs are conducted at ATLAS using E'SS (MET)
» DM mediator searches
» Supersymmetry (staus and electroweakinos)
» And many more, soon with Run 3 data

¢ Many nice results from Run 2 by deep understanding of collected data

¢ More results coming soon with Run 3 data
» Addition of data for further sensitivity
> A lot of effort put into exploring new phase spaces by
detector upgrades, software updates, and sophisticated analyses

Jun 3, 2024 Kaito Sugizaki (UTokyo) - LHCP 2024 at Boston 15
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Stau and electroweakinos:

EmISS

di-T

@ The University of Tokyo

Direct stau production

Full list of BDT training inputs

Emlss' Pt (Tl 2) mr (Tl 2) Ad)(Tl 2 Emlss) AU (T1; TZ) AT] (Tl 2 Emlss) m(Tlr Tz), Meff, MTsum

BDT Training Preselection

N medium 7
Charge combination
Trigger

Nelu

N b-jets

EDIsS [GeV]

mT, [GeV]
m(7t1,12) [GeV]
AR(71,712)

Bin 1 | Bin 2

Target Low m(7) ‘

scenario Small Am (¥, X ?)

‘ SR-BDT1 ‘

N medium 7
BDT1 score
BDT?2 score
BDT3 score
BDT4 score

€ (0.73,0.78)

Jun 3, 2024 Kaito Sugizaki (UTokyo)

SR-BDT2
Bin 1
Mid m(7)
Large Am (7, )??)

> 0.78 -
€ (0.78,0.82)

>2
oS
asymm. di-T

=0

=0

> 20

> 30

> 120
<4

| Bin2 ’ Bin 1

=2

> 0.82 -

- € (0.79,0.86)

- LHCP 2024 at Boston

SR-BDT3

Mid m(7)
Small Am (7, )?(1))

| Bin 2

> 0.86

’ SR-BDT4

‘ High m(f)

SUSY-2023-03
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Stau and electroweakinos: EM'SS + di-1 SAICEPP
Electroweakino pair production with intermediate staus

CIC1-LM | CIN20S-LM | CIN2SS-LM | CICI-HM | CIN20S-HM | CIN2SS-HM

Trigger asymm. di-T di-7 + E%liss
E%“SS [GeV] < 150 > 150

N medium 7 > 2 > > 2
N tight 1 > 1
Charge combination OS
N b-jets =0
N jets <3
|Ap(71, 12) -
m(‘rl, T2) [GeV] > 120
EMSS [GeV] > 60
MTsum [GeV] -

mt) [GeV]

SUSY-2023-03
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Stau and electroweakinos: EX'SS 4 di-t

Background estimation for direct stau

|

mTZ or stum

[GeV]

Multi-jet

CR-A )

Multi-jet T
VR-E )

Multi-jet
CR-B

Used for nominal
ABCD method

Used for validation
and systematic
uncertainty estimate

Multi-jet
VR-F

Multi-jet
CR-C

very loose 1,4
orthogonal with SR

Jun 3, 2024

medium or tight 7,4

Kaito Sugizaki (UTokyo) - LHCP 2024 at Boston

Process W+jets

Region WCR | WVR

Charge combination

N medium 7 1
N tight 7 0 _
N elu =1pu =0

N b-jets =0 >1 >1
Trigger single u single u asymm. di-7
pr(11) [GeV] - - > 95
p1(72) [GeV] - - > 65
max[pt(7), pT(1)] [GeV] > 95 > 95
min[pr(7), pr()] [GeV] > 60 > 60
ET™ [GeV] > 20 > 20
mt,, [GeV] € (50, 150] € (50,150]
mt; [GeV] > 30 > 30
m(7, 1) [GeV] > 120 > 120
m(t1, 1) [GeV] — _

BDT score | All<0.5 | Any>0.5 |

ICEPP

The University of Tokyo

Process \ Z+jets | Multi-boson | Multi-jet | Inclusive

Region | ZCR | ZVR | MBVR | MIVR | InclVR

Charge combination ‘ oS

N medium 7 =2 =2 = =2

N elu =0 =0 =0

N b-jets =0 =0 =0
Trigger asymm. di-t asymm. di-t asymm. di-t
EIisS [GeV] - >20 >20
mT2 [GeV] > 30 > 30 > 30
m(t1,12) [GeV] <120 <120 > 120
AR(11, 1) <4 <4 <4

BDT1 score <0.10 | >0.10
BDT?2 score - -

BDT3 score
BDT4 score

<0.60 | <0.60

SUSY-2023-03
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Stau and electroweakinos: EX'SS 4 di-t

Background estimation for electroweakino

Channel

| variable

|| CRB/CR-C | VREE/VRF | CR-A/SR

Ci1C1-LM

mty [GeV)
EISS [GeV]

€ (15, 35]
€ (10, 150]

€ (35, 80]
e (10, 150]

> 80
€ (60, 150]

C1C1-HM

mt2 [GeV]
MTsum [GeV]
E}rmss [GeV]

€ (35,60]
€ (100, 300]
> 50

€ (60, 85]
€ (200, 400]
> 50

> 85
> 400
> 150

CIN20S-LM

mty [GeV]
EsS [GeV]

e (15,35]
e (10, 150]

e (35,70]
e (10,150]

> 70
€ (60, 150]

ICEPP

The University of Tokyo

Process

Wjets

Top

Region

| WCR-OS | WVR-OS | WCR-SS | WVR-SS | TCR-SS-HM | TVR-SS-HM | TVR-OS-LM | TVR-OS-HM

Charge combination oS

Trigger

N medium 7
N tight T

N loose T

N “very loose” T

Nelp

N b-jets
p1(7) [GeV]
pr(p) [GeV]
Top tagged
mr,,, [GeV]
mT{H +mr, ¢
E‘;““ [GeV]

m(7y, 12) [GeV]

mr2 [GeV]
MTsum [GeV]
[Ag(71, T2)|

veto
< 140

[GeV] -

> 60

€ (40,70]

single u
=1

> 70

SS

€ (50, 150]

< 60

> 80
> 50

> 60

< 400

SS

: iss
di-7 + Eq

<2
1
2

>1

> 150

> 400

oS

asymm. di-7 ‘ di-7 + Efl!'iss
2
1

€ (20, 150]
> 120
> 40
> 150
> 1.0

CIN20S-HM

mty [GeV]

MTsum [GeV]
E_rrmss [GeV]

€ (35,60]
€ (150, 300]
> 50

€ (60, 85]
€ (200, 400]
> 50

> 85

> 400
> 150

CIN2SS-LM

MTsum [GeV]
|A¢ (11, 12)]

< 100
<1.5

€ (100, 200]
<1.5

> 200
> 1.5

CIN2SS-HM

MTsum [GeV]
E,IFISS [GeV]

€ (100, 200]
> 50

€ (200, 450]
> 50

> 450
> 150

Jun 3, 2024

Process |

Z+jets

Multi-bosons

Region

| ZVR-OS-LM | ZVR-OS-HM | MBVR-OS-LM | MBVR-OS-HM | MBVR-SS

Charge combination
Trigger

N medium 7

N tight 7

Nu

N b-jets

E,‘rniss [GeV]
m(71, 72) [GeV]
AR(7y, 12)
Ag(t1,72)]
|A¢ (71, ET™)|
mysum [GeV]
mr2 [GeV]

oS

asymm. di-7 | di-7 + Efrniss

€ (40, 150]
<170
<1.0

asymm. di-T
>2
>1
=0
€ (70, 150]
< 80

<1.2
<1.0

> 180
> 60

oS

: miss
di-7 + Ep

SS
single u
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Higgsinos: EX'SS + displaced track SAICEPP

recoil [G eV]

[o2]
o
o

--VR--1--VR--

>
>

20
Track pt [GeV] 1p  Of-LowEmss

. Variable SR (CR-0¢) CR-1u VR(CR)-2¢ VR(CR)-1y

Varlable SR CR_Th CR_T[ VR(CRZ)-Th VR(CRZ)-Tg Trigger E‘Tniss E‘Tniss i Single-e E%’jss or Single-e Single Photon

N(e) =0 =0 = =1 - -0

N¢ =0 =1 =0 =1 N(u) -0 -1 =0 - =0
=0 =1 =1 =2 =0

mT [GCV] - - < 50 - < 50 xie . IU) =0 =0 =0 =0 =1

p'rlc‘acoﬂ [GCV] > 600 > 600 [300’ 400] QEZ; {gg} - > _10 - > _30 pr(p) > 12 (11(7)T(e) > 30)

Track 2,5 8,20 5,81 ([8,20 my [GeV] - - - - (662, 116.2]

pT [ ] [ ] [ ] ([ ]) mlTl [GeV] - [56, 106] - [56, 106] -

Track S(dp) > 8 >3 >3 il [GeV] > 600 > 300 [300, 400] > 300 > 300

Track S(do) >8(<8) - >8(<8)

SUSY-2020-04
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@ The University of Tokyo

SUSY EWK pMSSM

+ Actual workflow

Model generation
SPHENO 4.0.58 Superlso 4.0
Sample SPueNo 4.0.58
random (fixed m(Higgs))
PMSSM FeynHiGas 2.18.0 MICROMEGASs 5.2.1

points

O LSP & 7 Im(h) - 125| < 5GeV Calculate
m(y)>LEP limit >—>| cross-sections

Successful
generation? (@r* < 0.12) - with ProspiNO

-

// i \\\\
" m(¥}) < 1200 GeV \\

— and T'(¥f, ¥9) > 0 >
excluded _ and opwx > 00716 _—

Particle-level evaluation

Simua’Fe A Patch signal yields

at particle-level into preserved
likelihoods & calculate

SIMPLEANALYSIS CL, with PYHF

Use particle-
level results

Detector-level evaluation

9 Obs.
ATLFastll simulation Exclude if CL,™ < 0.05
(using best expected analysis)

Kaito Sugizaki (UTokyo) - LHCP 2024 at Boston
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SUSY EWK pMSSM

@ The University of Tokyo

+» Applied constraints
» Chargino LEP constraint and Higgs mass constraint also applied

Category

Flavour

Precision electroweak

Jun 3, 2024

Constraint

Bb — s57)
B(Bs — pup)
BBt - 1v)

Ap

IBSM(z)

mv

m(W)

Relic density
Direct detection 0°Spin-independent
Direct detection 0°Spin-dependent

Lower bound

3.11 x 1074
1.87 x107°
6.10 x 1073

—-0.0004

80.347 GeV

Upper bound

3.87 x 10™4
4.31x 107
1.57 x 1074

0.0018
2 MeV

80.407 GeV

Notes

2022 PDG average (20 window) [58]
Most recent LHCb result (20~ window) [59]
2022 PDG average (20 window) [58]

Updated global electroweak fit by GFiTTER group [60]
(not including CDF W mass measurement [61])
Beyond-the-Standard Model contributions to precision electroweak measurements

on the Z-resonance from experiments at the SLC and LEP colliders [62].
2022 PDG result (excluding CDF W mass measurement [61]) [58]

but with the 20~ window expanded by 6 MeV to allow for uncertainty due
to the top-quark mass in the MSSM Higgs calculation [63]

Latest bound from Planck [64]
Exclusion contour on direct detection of DM from the LZ Collaboration [65]

Exclusion contour on direct detection of DM from PICO-60 [66]

SUSY-2020-15

Kaito Sugizaki (UTokyo) - LHCP 2024 at Boston 23


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-15/

Top associated DM: E'S + mono-top SICEPP

The University of Tokyo

+ Target physics
» Scalar[vector DM mediator associated with top

w)
]
5]
o
=]
5]
o0
o0

+» Signature

> Main selections Boosted top-
. E’{‘niss trigger with large-R jet

SR1b XGB > 0.5
(350 < pr <2500 GeV)
«  A¢(j, EMI5S) > 1to suppress tt background SROb  XGB>0S5
- BDT (XGBoost) trained for each target

mainly with EX5S and jet-related variables AP, (GERS)

N, b-ta
\"
N

TCR

| .y EXOT-2022-40
Jun 3, 2024 Kaito Sugizaki (UTokyo) - LHCP 2024 at Boston
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Top associated DM: E"'*S + mono-top cICEPP

+ Background components and estimation
» ttinSR1b and I + jets in SROb normalized using dedicated CRs
» Background predictions validated in dedicated VRs

Scalar mediator SRs Vector mediator SRs

ATLAS ¢ Data Scalar x5 ATLAS ¢ Data Scalar x 5 ATLAS ¢ Data Vector x5 ATLAS ¢ Data Vector x 5
(s =13 TeV, 139 fb™" [l Top Z+jets (s =13 TeV, 139 fb™" [l Top Z+jets Is =13 TeV, 139 fb™' Il Top Z+jets s =13 TeV, 139 fb™" [l Top Z+jets
Monotop Wijets Single top Monotop Wijets Single top Monotop Wijets Single top Monotop W-jets Single top
SROb Scalar Diboson [tV *E- SR1b Scalar Diboson [tV SRO0b Vector Diboson [tV SR1b Vector Diboson [tV

Post-Fit Uncertainty— Pre-Fit Bkg. Post-Fit Uncertainty— Pre-Fit Bkg. Post-Fit Uncertainty — Pre-Fit Bkg. Post-Fit Uncertainty — Pre-Fit Bkg.

0‘8.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 0'8.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
XGBScalar XGBScalar XGB

0'85 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 0‘8.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 095 1

Vector XG B\'e:lc'

EXOT-2022-40
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Top associated DM: E'SS + mono-top SAICEPP

¢ Exclusion limits on signal cross sections
» Limits extended with respect to early Run-2
by 800 (300) GeV for considered models of scalar (vector) mediator

—

lllllllllll!lllllllIlll!l!llllllllllllll "I""I'llllllllllll’ll

ATLAS —— Theory (LO)
Vs =13 TeV. 139 fb™’ - 95% C.L. Obs. Limit

Vector DM mediator 95% C.L. Exp. Limit
a=05,g =1,m =1GeV [[7] 95% C.L. Exp. +10
X x
[ ]95% C.L. Exp. +2¢

ATLAS - Theory (LO)
‘Ig =13 TeV. 139 fb_1 — 95% C.L. Obs. Limit

Scalar DM mediator 95% C.L. Exp. Limit
95% C.L. Exp. 1
Aq=08,y =04 ] p. 1o
[ ]95% C.L. Exp. +2¢

T IIIIIII

L Illllll

m, =1GeV

LI lllllll

-
=
=
=
=
=
=
3
=
-
-
-
S
3
=
-

LI lIllllI

TT l]l]lll

T 1 IIIIIII

I

1III 1 llIlIIII | llIlllll | IIIIIIII | lIlllIII 1 llIIIIlI -

i | Illlllll | llllllll 1 llllllll | llllllll 1 llllllll | 10

| Illlllll

llllllllllllllllllllllllllllllllllllllll lllllllllllllllllllllllll

2500 3000 3500 4000 4500 5000 5500 6000 1500 2000 2500 3000 3500
m, [GeV] m, [GeV]
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Top associated DM: E"'*S + mono-top cICEPP

XGBoost inputs

Variable Description Scalar Vector VLQ
DM mediator DM mediator

miss ..
E.lr11 Missing transverse momentum v v

E.l'l‘i-‘“ -pr(J)

miss R . _
Q ED" and large-R jet pr balance: BT pr(7)

N jets Small-R jet multiplicity

AR pax Maximum AR between two small-R jets

MT min ( E?iss, b-tagged jet) Transverse mass of E%‘iss and the closest b-tagged jet
Miop-tagged jet Mass of the large-R top-tagged jet

A (J, jets) Scalar difference of large-R jet pr and the sum
, JELS
PT ] of pr of all small-R jets.

Hry Sum of all small-R jet pt
HT/E_leSS Ratio of Hr and E%’i'“
AE (E%liss, J) Energy difference between E%‘i'“ and the large-R jet

A¢ ( miss 7 Angular distance in the transverse plane between
T b

E,'l.niss and large-R jet

rr(J) Large-R jet pr
m.T(E.IrE1 iss, J) Transverse mass of the E1".1iss and large-R jet

. Angular distance in the transverse plane between the
A¢(b-tagged jet, J) . , ,
large-R jet and the leading b-tagged jet

EXOT-2022-40
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Top associated DM: E™5S + mono-top

+» Exclusion limits on various parameters

ATLAS
(s=13TeV, 139fb"
Scalar DM mediator
yl =04, ml =1GeV

— Obs. 95% CL
-- Exp. 95% CL

Exp. +1o
Exp. -16

Exp. +20
Exp. -26

vl

Ll

Scalar med.

Ll

|

phaf ban o ey L

2500 3000 3500 4000 4500 5000 5500 6000
m, [GeV]

ATLAS

(s=13TeV, 139 fb”
Vector DM mediator
a=0.5, m = 1 GeV

— Obs. 95% CL
-- Exp. 95% CL

Exp. +1o
Exp. -1o

Exp. +20
Exp. -20

—_

—
o

O0bs. 95% CL

Vector med.

Ll

A i
1000 1500 2000 2500 3000 3500
m, [GeV]

/ Glheory

o

O0bs. 95% CL

1078

o
o
ry

/G(heo

ATLAS
(s=13TeV, 139 b
Scalar DM mediator
A,=02, m = 1 GeV

— Obs. 95% CL
-- Exp. 95% CL

Exp. +1o Exp. +20

Exp. -1o Exp. -20

/ o”thoory

-
o

Oobs. 95% CL

L e e B

2500 3000 3500 4000 4500 5000 5500 6000
m, [GeV]

ATLAS
{s=13TeV, 139 fb"!
Vector DM mediator
gZ=1,mx=1GeV

— Obs. 95% CL
-- Exp. 95% CL

Exp. +10 Exp. +20

Exp. -1o Exp. -20

PEERTTTT SRR MR ]

Ll

R R R R RR R RARRERAR RS REn e ]

AR Y, A W .
000 1500 2000 2500 3000 3500
my [GeV]

—_

ATLAS
{s=13TeV, 139 fb"
Scalar DM mediator
Ay=02,y, =04

— Obs. 95% CL
-- Exp. 95% CL

Exp. +10
- Exp. -1

Exp. +20
- Exp. -20

T
PR

IARRRRRR

T
Ll

Ll

|

T T TR T TR T

..“.‘|I....I....I...||J

2500 3000 3500 4000 4500 5000 5500 6000
m, [GeV]

il PRI [P IR

ATLAS
(s=13TeV, 139 o'
Vector DM mediator
a=0.5, g.= 1

— Obs. 95% CL
-~ Exp. 95% CL

Exp. +1o
Exp. -1o

Exp. +20
- Exp. -20

T T T
PRI |

|

T

Ll

Ll S I

1000 1500 2000 2500 3000 3500
my [GeV]
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Stop and DM: E'5S + top pairs (I+h) < ICEPP

+ Target physics
» Stop pair production
» SM-singlet DM + (pseudo) scalar mediator

< Signature: EM'S + one leptonic top + one hadronic top
» Main selections
« Single lepton and EXSS triggers
* Resolved hadronic tops identified with dedicated “top-NN"
* Event categorization based on large-R jet, b-jet, and top requirements
Stop/DM Stop only

Boosted

ngh EmISS
1b-lep-Ot | 1b-had-Ot | 2b-Ot | 1b-lep-1t | 1b-had-1t | 2b-1t

Analysis Category

N(R jet, pt > 600 GeV)
N(top-tagged IR jet)

Np_jet with AR(D, IR jet) < 1.1
Np_jer with AR(D, IR jet) > 1.1

top-NN-tagged multiplet

Np—jet
Niight—jet

topp,q candidate top-NN multiplet
top;,, candidate £+j| t+b €+b | E(+) | E+b | €+b | £(+)

Event NN selection | See Table 3

SUSY-2023-22
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Stop and DM: E'5S + top pairs (I+h)

ICEPP

The University of Tokyo

Stop-NN

—_
o

ATLAS Simulation SM

—— T, T bWy

iy

Vs=13 TeV T, am(f ) €1175,200] GeV

: miss
High-E.™ 2b Tf, Am(f ) €[200,500] GeV

A.U. (normalised)

+» Event NN trained in each category
> "Stop-NN" and “DM-NN" using
momentum components of each object

T, Am(x0)> 500 GeV

0 0102 03 04 05 06 0.7 08 09 1

NN Output
350 ATLAS \. t[f)za(ti ll,vv) _tsf-':L
Vs=13 TeV,L=1401b" pge1L B Single-top
3001~ SR high-ET"** 2b Wajets [l Others
3 a . m(,%))=(1200,200) GeV
«» Background components and estimation 7120600500 Gov

> tt, single-top, W+ jets, and ttZ(— vv) U b O 44
» All backgrounds estimated from MC with
fits to low-NN-score CRs

0.9

1
NN Output

Jun 3, 2024 Kaito Sugizaki (UTokyo) - LHCP 2024 at Boston

A.U. (normalised)

DM-NN

ATLAS Simulation SM
—— tt+DM, m(a)=100 GeV
[5=13 TeV tt+DM, m(¢)=100 GeV
m(
m(

; miss tt+DM, m(a)<100 GeV
ngh-ET 2b

tt+DM, m(¢)<100 GeV

0 0.1 02 03 04 05 06 07 08 09 1
NN Output

® Data —SM
ATLAS R ttZ(— llvv) ti-2L

Vs=13TeV, L = 140 [T [ Single-top

SR high-E:'ss 2b Wiiets B Others
m(¢,x)=(200,1) GeV
m(a,x)=(200,1) GeV
m(¢,x)=(50,1) GeV
m(a,x)=(50,1) GeV

Data/SM

. 1
NN Output

SUSY-2023-22
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@ The University of Tokyo

Stop and DM: E'5S + top pairs (I+h)

o~ ~ " - 0 ~0
t, production: t, - ti?, bWZ? t, production: t, — tx‘, be~|

- - - Expected limit (+10,,,) == = = Combined expected Iimiis(=1 Oep)
Vs=13 TeV, 140 fb‘1 ——— QObserved limit Vs=13 TeV, 140 fb-1 Combined observed limit
---—-- JHEP04(2021)174 (exp)
‘(\@\\ — = JHEP04(2021)174 (obs)
o\ & -

—--—--- EPJC80(2020)737 (exp)

Limits at 95% CL = = EPJC80(2020)737 (obs)
- — — - This work (exp)
This work (obs)

Limits at 95% CL

+» Exclusion on stop pair production
» Significant improvement in mass
regions with Am(%,, ¥Y) ~ m(t)
» Statistical combination with
all-hadronic tt + EIsS

1000 1100 1200 1300 600 700 800 900 1000 1100 1200 1300 1400
m(t,) [GeV] m(t,) [GeV]

1)

—e— Observed 95% CL ATLAS
Expected 95% CL
I Expected =10 s =13TeV, 140 fo”
[ ] Expected =2 0 i
Theory unc. on o, (g=1.0) Scalar, tt), ¢ — xx
This work, 1L (exp)
——— This work, 1L (obs)
2L (exp)

—e— Observed 95% CL ATLAS
Expected 95% CL
[ Expected +10 Vs =13 TeV, 140 fb™
Expected =2 o _
Theory unc. on o, (g=1.0) Pseudoscalar, tta, a — xx
This work, 1L (exp) 9=9=9-~ 1.0, m(x) =1 GeV.
——— This work, 1L (obs) i
2L (exp)
2L (obs)
(
(

% Exclusion on tt + SM-singlet DM
» Combined limits with OL and 2L
channels drawn as a function of o
(pseudo) scalar mediator mass e
» Mediator mass excluded up to
350 GeV for this assumption

95% CL limiton o, /o, (g=1)
95% CL limiton 6, /o, (9

30 40 50 60 70 200 300 400
m(¢) [GeV]

30 40 50 6070 200 300 400
m(a) [GeV]
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Dark Higgs: EX'SS + bb < ICEPP

+ Target physics
> Two-mediator DM model with Z' and dark Higgs s
» Three interpretation scenarios
* m, =200GeV
* m, =900 GeV
c mg=70GeV

< Signature: EMSS + pb
» Main selections
« EIISS trigger
« EWISS 5150 GeV
. Two b-tagged small-R jets (resolved) or one large-R jet with two b-quarks (merged)
» Leading backgrounds
« Z(— vv) +jets for both topologies
* Resolved: tt, W (— #v) + jets
* Merged: Diboson, W (— #v) + jets

CONF-2024-004
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Dark Higgs: EX'SS + bb

+» Background estimation
> 7 +jets, W + jets, and tt MC are normalized in dedicated CRs

¢ Exclusion limits for three scenarios
» Scenario 1: up tom,s = 3.4 TeV excluded for mg = 70 GeV
» Scenario 2: up tom, = 4.1 TeV excluded for ms; = 75 GeV
» Scenario 3: up tom, = 4.8 TeV excluded for m, =700 GeV

; ATLAS Preliminary
Vs =13TeV, 140 fb"

L S(bb) + E'T"‘“, Scenario 1
& Limits at 95% CL

LN L N L L B L N L B B L L L LB B B B LI B B

- ATLAS Preliminary Observed Limit
- Vs=13TeV, 140 fb”

= S(bb) + E""SS Scenario 2
- Limits at 95% CL

Expected Limit
=104

22 Ogp

80

\ Observed Limit
= = = = Expected Limit
60 : :
=1 0gp

£2 Ogyp
Thermal Relic Density

I|Il|ll|l|ll||l|llllll|
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40
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PV A VA A G VAVATA VAV AYAYL VT
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PO T W TR A N DA T o s e o N OSNPSS ) [PT ST (YO ) [T YN 1O T

20
2000 2500 3000 3500 4000 4500 5000 5500
m,, [GeV]
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g 0.70

eée;\qe: - Ned

ICEPP

The University of Tokyo

T T T T T T T

[ Z+jets ATLAS Preliminary

[ fi+singletop VS=13TeV, 140 fb~'
Background Only Fit

B SMVh
I Diboson

T
¢ Data
FCJ W+jets

[ XXX\ Uncertainty

1
1u Control Region !

2/ Control Region Signal Region

—— Pre-fit/ pred.

+\

s o0 \ A0 350\50 500\ 506 ») 0. 290\ 0. 350\ 0! 600\ 600 ») 0. 200\ o 350\50 500\ o 150\\_' 0. )

3\ @ 20 @ &0
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1
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- ATLAS Preliminary Observed Limit
Vs =13 TeV, 140 fb’

- S(bb) + Emiss Scenario 3
C Limits at 95% CL

I 1

Expected Limit
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=10,
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