SUSY 2024 12 June 2024

Exotics at ATTLAS
(Dark sectors, ALPs, L.I.Ps...)

ATLAS

Audrey Kvam on behalf of the ATLAS Collaboration EXPERIMENT

University of Massachusetts, Amherst




SUSY 2024

EXOTICS GROUP

The Exotics program is

extremely active and diverse!

- Signature-driven

- Targeting a wide range of BSM
theories

- Searches for dark matter particles,
hidden-sector particles, new vector
resonances, leptoquarks, vector-like
quarks...

- Aim to provide model-independent
limits and use simplified models to
maximize reinterpretability

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

12 June 2024

Overview of SUSY searches at ATLAS already given by

oaquin on Monday

This talk will focus on recent results from the Exotics physics
program at ATLAS

More results presented in Maura’s, Simon’s. and Alexander’s talks
> bl

ATLAS Preliminary

Status: March 2023 fll dt = (3.6 - 139) fb~! Vs=13TeV
Model £y Jetst ET [ram) Limit Reference
T T T
20 ADD Gk ~glq Oery 1-4] Yes 139 [Mp 11.2TeV| n=2 2102.10874
§  ADD non-esonant yy 2y - 387 |Ms 86TeV  n—3HZNLO 1707.04147
£ ADDOB - 2] - 139 My 1810.08447
I ADD BH multjet - =3 - 36 Mg 9.55TeV =6, Mp = 3oV, 01 BH 1512.02586
®  RS1Gu —yy 2y - - 139 [ Gy mass 45TeV ™, 210213405
£ BUKRS G —» WW/ZZ  multi-channel 361 | Gk mass 23TeV 16806.02380
W BuKRS gk - tt Ten 2162142 Yes 361 [ gwcmass 38Tev Tim=15% 1804.10823
2UED/ RPP Ten  =2b>3) Yes 361 |KKmess 18TeV Tier (1), B(AC) 1) = 1 1803.09678
SSMZ' - 11 2ep - - 189 |Zimess 51TeV 1903.06248
o | SSMZ' T 27 - - 381 |Z'mass 2427TeV 1700.07242
Leptophobic 2/ — bb - 2b - 361 |2/mess 24 Tev 1805.09299
8 | Loniophobio 2/ et Oeu 215220 Yes 139 |Z'mess 41Tev Fim=12% 2005.05138
8 | ssMW v Tep - Yes 139 | W/mass 6.0 190605609
©  SSMW o1y i - Yes 139 |Wrmass 50TeV ATLAS-GONF-2021-025.
S ssMw - 21b21J = 139 W mass 44TeV ATLAS-GONF-2021-043
& HVT W — WZ model B 02eu  2/1J Yes 139 |Wrmass 43TeV o =3
G HVTW - WZ - (v'¢ modelC 3eu  2](VBF) Yes 139 | W<mass 340 GeV sven=1g =0 2207.03925
HVT 27— WW model B Tew  21/1J  Yes 139 |2 mass 39TeV. V=3 2004.14636
LRSM W — g 2u 19 - 80 | Wqmass 50Tev m(Ne) = 05 TeV, . = g 1804.12579
Clqqaq - 2j - a0 |a 218TeV i, 1703.08127
__ Clifqg 2ep - - 139 |a BETV] 2006.12948
O Cleebs 2e 1b - 138 [A 18 TeV 2105.13847
Clyuubs b - 139 |a 20Tev 210513847
Cl ettt zlep =1b=1] Yes 361 [A 2.57 TeV. 1811.02305
Axial-vector med. (Dirac DM) - 2 - 139 [ 38Tev 25,g,=1, m()=10TeV  [ATL-PHYS-PUB-2022.036
= Pseudo-scalarmed. (DiracDM) Oey,r.y 1-4] Yes 139 | Mimea 376 GeV m(x)=1 Ge 2102.10874
S | Vectormed. Z'-2HDM (Dirac DM) 0 e, 2b Yes 139 |ma 30Tev 82208, m{y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a__ muli-channel 139 |ma 800 GeV g1, m{x)=10 GoV ATLAS CONF-2021.035
ScalarLQ 1% gen 139 [Lamass 1.8TeV 2006.05872
Scalar LQ 2™ gen 139 [Lamass 1.7TeV B= 2006.05872
Scalar LQ 3 gen 130 [Qymass 1.49 TeV BLQ; ~ br) ~1 2308.01204
Q  ScalarLQ 3" gen 139 | LOYmass 1.24 TeV BLQE — tv) = 1 200414060
= | Scalarl Q39 gen 130 | Lol mass 1.43TeV BLQd 210111582
Scalar LQ 3 gen 139 | Lol mass 1.26 TeV/ B(LQE — br) —1 o1 125
Vector LQ mix gen 139 [ L0} mass 20TeV B(0 — tu) — 1. Y coupl. ATLAS-GONF-2022-052
Vector LQ 3" gen 139 |Lal mass 1.96 TeV B(LQY — br upl. 230301204
VIQ TT = Zt + X 2el2ui>3ep 21b21] 139 | Timass 1.46 TeV. SU(2) doublet 221015413
L9 viaBs - wyZbt X multi-channel 36.1 | Bmass 134 Tev. SUt2) doublet 1808.02343
T8 VLQTsaTonlTsn — We—X 2SS)28eu21b21] Yes 361 |Tsamass 1,64 TeV B(Tya > W)= 1, €(ToaWe)= 1 1807.11883
SE Vo7 HZe e 1b.23] Yes 138 | Tmass 18Tev SUi2) singlet, k- 0.5 ATLAS-CONF-2021-040
88 viay-ws 1b21] Yes 961 |Ymess 1.85 TeV B(Y = W) 1. x(Wh)- 1 1812.0734
=" VIaB- Hb 1y - 139 | Bmass 20TeV. SU(2) doublet, k=03 ATLAS-CONF-2021-018.
VLY — Zr/He Yes 139 | r'mass 898 GeV. SUi2) coublet 2303.05441
§ Excited quark ¢ — qg - 2] - 189 |a 67TeV only u*and o, A = m(q") 1810.08447
B E Exitedquark g’ — gy 1y 1j - 367 |a mass 53TeV. only u*and d", A = m{q") 170910440
8 Excited quark b — bg - 1b1j - 139 | b* mass 327Te 1910.08447
Excited lepton = 27 =2) - 139 |rtmass 46TeV A=45TeV 2305.00444
Type Ill Seesaw 234eu 22 Yes 139 |NOmass 910 Gev. 2202.02039
LRSM Majorana v 2 2 — 364 | Namass 32Tev m(We) — 41TV, &t — e 1809.11105
B Higgstriplel H-* » W*W*  234eu(SS) various  Yes 139 [ H* mass 350 GeV. 2101.11961
£ Higgs triplet H™* — (¢ 234eu(SS) - - 139 | Wt mass 1.08 TV
S | Multicharged particles z - ~ 139 | muticharged paricle mass. 159 TeV. ATLAS CONF-2022.034
Magnetic monopoles - - - 344 | monopolemass 237TeV 180510130
Ve=13TeV  Vs=13TeV 1 1
partial data full data 107t 1

*Only a selection of the available mass limits on new states or phenomena s shown.
{Small-radius (large-radius) jets are denoted by the letter | (J).

10 Mass scale [TeV]


https://indico.cern.ch/event/1354279/contributions/5948308/
https://indico.cern.ch/event/1354279/contributions/5953470/
https://indico.cern.ch/event/1354279/contributions/5947202/
https://indico.cern.ch/event/1354279/contributions/5714372/
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BSM searches can have extremely wide
variety of final states, therefore develop a
wide variety of strategies and techniques

MET+X: often defines searches for dark-matter

candidates; X refers to visible particles produced in
interaction, used to measure pr imbalance

Displaced objects: long-lived particles
(LLPs) can have wildly different signatures
depending on decay mode and where the decay
happens in the detector! Often rely on dedicated
triggers and reconstruction algorithms

Run: 302393
: 738941529
2016-06-20 07:26:47 CEST

Today I'll highlight some recent results involving dark sectors, ALPs, and LLPs!

For a more thorough overview, please take a look at the and the complete

list of


https://arxiv.org/abs/2403.09292
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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Combination and summary of ATLLAS dark matter searches

interpreted in a 2ZHDM with a pseudo-scalar mediator

BENCHMARK MODEL

12 June 2024

N\

2HDM+a: SM scalar sector extended with an additional complex doublet, with an
additional pseudo-scalar mediating the interaction between ordinary and dark matter

6 scenarios identified to systematically probe variations of 5 free parameters

SM Higgs sector extended
with 5 additional scalar states:
- Scalar H

- Pseudo-scalar A

- Charged Higgs bosons H+/-

- Pseudo-scalar mediator «

X 1s fermionic DM particle

~

/
Scenario Fixed parameter values ¥ Varied parameters
sinf ma [GeV] m,[GeV] m, [GeV] tanp
1 a 0.35 - - 10 1.0 (Mg ,ma)
b 0.70 - - 10 1.0 a2
a 0.35 - 250 10
2y 070 - 250 10 (ma, tan B)
a 0.35 600 - 10
3 b 070 600 - 10 - (ma, tan f)
4 2 - 600 200 10 1.0 sing
b - 1000 350 10 1.0
5 0.35 1000 400 - 1.0 m,
6 0.35 1200 - - 1.0 (mg, my)

J

Summary of 18 analyses, each targeting a subset of the 6 scenarios presented above.

The 3 most sensitive results are combined: MET+Z(#£€), MET+h(bb), tb H+-(tb)


https://arxiv.org/abs/2306.00641
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Trigger

Features of

Events / 50 GeV

Data/Pred.

signal

topology

MET + Z(¢¥)
single 1 and single ¢

MET>90 GeV

Same flavor, opposite sign
lepton pairs in Z mass

MET + h(bb)
MET

MET>150 GeV

with R=0.4

vl vl vl vl vl

window Merged regime: 2 b-jets
within large R=1.0 jet
T T xw/x > S B L L B B L L B B B BB
ATLAS o Data mzz D 800 ATLAS . —e— Data [ Single top 4
(s=13Tev, 139" MWZ Zsjets O | 5=13TeV, 13916 o sMvh =1 Z+HF
SR_ ’ Non-res. Other 2 + gllger;tr?zgll)o:ag = VY [ Others
— Axial DM | O-le - N 5
~ Uncertainty .fﬂ 600 i E-T'SSE [200,350) GeV ; lIfV+HF N\ Background Uncertainty ]
m, =150 GeV, m_ ., = 900 GeV OC)
> Mono-h Z’-2HDM
L (mz,ma) = (1400,1000) GeV

=" Ggignal = 1.89 fb (x20)

15 - I
1 bbbl llll Joood =
e YYIT?‘T’”’T" D

0.5F, | | | ! | | - % 0.7 .
200 400 600 800 1000 1200 1400 1600 1800 2000 a .

m; [GeV]

760 80 100 120 140 160 180 200 220 240 260 280

Mpp [G eV]

Resolved regime: 2 b-jets

[2]

530000
>

(s =13TeV, 139 fo' L Blooheev
250001 I+jets, 5 3b %g: 3 Ct
Post-fit B+ >1b
Ot + X
[Jnon-tt

Data/Pred.

No overlap between analysis signal regions

tb H+-(tb)
single p and single ¢

At least 5 jets, at
least 3 of which are
b-jets

D

s ERAAsRmmas L
¢ Data

ATLAS

7~ Uncertainty

4 myf
Z: LA

01 02 03 04 05 06 07 08 098 1
NN output
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m, [GeV]

o/ Gtheovy

Scenario 1a

2HDM+a, Dirac DM, sin6 = 0.35, tanp = 1, m =10 GeV, g = 1, m, =m,=m,
2000 T T T T ET**4h(rt), 139 fb!
R I/m>20% arkiv:2305.12038
1800 ATLAS 1 ET+h(yy), 139 fbo!
Vs=13TeV, 36.1- 139 fb" Limits atg:s% CcL ‘“‘:"’s;“ V;“z” 13 361 b
------- - erved — EM @), 36.1 fo
1600 s i .- Expected ] .ETEP v:yzo(gyc!)w

ET*4tW, 139 fo!

1400 arXv2211.13138
— E*°4j, 139 fo!
1200 PRD 103 (2021) 112006
— fitf, 139 fb!
1000 anv2211.01136
— h-sinvisible, 139 fb™!
aniv2301.10731
800 — Combination
600 ET**+h(bB), E7*+Z(l), toH"(tb)
400
200 L L Ter L L L
100 200 300 400 500 600 700 800
m, [GeV]
_ - - - - - - : = = o
F ATLAS 2HDM4a, DiracDM |2 ] oo iOD) 19910
[ {s=13Tev,36.1-139 fb" S 1w ’
[ m, =10GeV,g =1 {2 ] -—EPih(yy), 139 fb
Limits at 95% GL m, = 350 GeV £ JHEP 10.021) 13
— Observed mo—m.=m. =1 TeV T —EPeaz(), 139 b
-- Expected AT THT T = PLB 829 (2022) 137066
tan =1 —E42(qg), 36.1 b

JHEP 10 (2018) 180
ET**+Wt, 139 fb”
ankivz211 13138

—EP*+j, 139 fb!
PRD 103 (2021) 112006
toH(tb), 139 fb!

JHEP 06 (2021) 145

107!

— Combination
ET®4h(oB), ET**+Z(l), toH'(tb)

01 02 03 04 05 06

07 08 09

sind

(=N
c
<
:

10

Scenario 2b

2HDM+a, Dirac DM, sin6 = 0.7, m = 10 GeV, g = 1, m, =m,=m,, m, =250 GeV

T T T T T T T

Limits at 95% CL ATLAS
Observed 7
Expected 5= 18TeV, 139 f

m, [GeV]
e 2107 e, B), 139 10
ATLAS 2HDM+a, Dirac DM k3 y
F =13 Tev. 139 b 2 JHEP 11 (2021) 200
3 my=my=my=1TeV 10 8 —Em, 201, 139
. _ _ ° T 3
K sin6=0.35tan = 1,9, =1 3 PLB 829 (2022) 137066
m, = 400 GeV {1
tbH(tb), 139 fo™!
JHEP 06 (2021) 145
—_——— i —— — — —=10"
bserved Relic Q.1 = 0.12 —tif, 139 fb!
arXiv:2211.01136
102 -
ST —Combination
- S EP4h(0B), ET*+Z(l), toH'(tb)
- ~.g10°
5 = e ~..Expected Relic Density
i 4
1 e H /0 pary=1 10
! Limits at 95% CL 10°
9 — Observed
-- Expected
10°

50 100 150 200 250 300 350 400 450

m, [GeV]

— EM4h(bB), 139 fb™!
JHEP 11 (2021) 209
E7**+h(tr), 139 fb!
230512038

— EF*+2Z(Il), 139 fo”!
PLB 829 (2022) 137066
ET*S4tW, 139 fo!
ankiv2211.13138
tbH(tb), 139 fb™!
JHEP 06 (2021) 145

— fiff, 139 fb!
anxw2211.01136

— Combination
ET*+h(bB), ET+Z(Il), toH*(tb)

m, [GeV]

10

2HDM+a, Dirac DM, sinf = 0.35, m, = 10 GeV, g = 1, m, = m, = m,, =600 GeV

Scenario 3a

Limits at 95% CL
Observed «
Expected =

N

o, T/m'>20%
oy L

{ 7
L L L h
100 150 200 250 300

) ¥
350 400 450 500
m, [GeV]

Scenario 6

2HDM:a, Dirac DM, sin = 0.35, tanB = 1, g = 1, m, =m, = m, = 1.2 TeV/

T T
M === ===
ATLAS E
fs=8TeV,203f"
fs=13TeV,36.1- 139 for*
C A mis avosn o
—  Observed
/m - Expected
- ]
,,«~\>/ L 3
y £1 H
/ 7 -
| L 1— 7 i
/ Expected Relic Q,h* > 0.12 H
1 1 -
10 10? 10°
m, [GeV]

— EP*+h(bb), 139 fb'
JHEP 11 (2021) 209
EP*+h(yy), 139 fb™!
JHEP 10 (2021) 13

— EFez(Il), 139 fo!
PLB 629 (2022) 17065
EPS4tW, 139 fb™!
a2z 13198

— Y4}, 139 fo!

PRD 103 (2021) 112006
tbH*(tb), 139 fb™!
JHEP 06 2021) 145

— i, 139 fo!
anxvz211 0113

— h-sinvisible, 139 fb™!
aniv2301.10731

— Combination
ET*+h(bB), E7*+Z(ll), toH" (tb)

— EP*+h(bb), 139 b
HER 1 (2021) 209

~— h-invisible, 139 fo™!
an2301.10731

— h—aa—pp1r, 20.3 fb”!
PAD 82 (2015) 052002

— h—aa-ppuy, 36.1 fo!
JHEP 06 2016) 165

— h—aa—pppy, 139 b
JHEP 03 2022) 041
h—aa—bbbb, 36.1 fb
JHEP 10 2018) 031

— h—aa—bbyy, 139 fb!
PRD 105 (2022) 012006

— Observed Relic Q.h* = 0.12

For scenario 1a with mg=150 GeV, values of my between 250 GeV and 1.55 TeV are excluded
For scenario 3a with tan f=10, values of m, are excluded up to ~400 GeV
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Search for dark matter particles in events with a hadronically

decaying vector boson and missing transverse momentum  2400.01272

BENCHMARK MODELS

Z
t " (",J’ -
t ---_ X
B
X

MET+Z decaying hadronically

q a

q %4
Zy/a
q % . ;
h produced in association with V, , , . .
b .. ’ X pair-production with mediator Z'y, /A
decaying into y
" J\L Y, 7



https://arxiv.org/abs/2406.01272
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STRATEGY

Search is split into 2 regimes based on the boost of the V boson in the final state

(" )

Merged ] Resolved

\. J

\ S

Data cleaning
Primary vertex with at least two tracks with pt > 500 MeV
No 7-leptons

Preselection mlss S 30 GeV
mm,(A¢(E %, Ji)) > 20°
A¢(E“"ss, p,”s) <90°
A¢(ET V) Ap(ERS NS, 1) > 120° A¢(E;ji;5, Jij2) > 120°
E m;ss > 250 GeV > 200 GeV
>1J; <4j >2j; <4j
Jets Pl > 200 GeV  pl>45Gev
b-tagged track jet veto outside J; > p!ri > 120(150) GeV for 25 (= 3j)
V-tag High purity: mass and substructure Ao (j1, J2) < 140°% AR(j1,j2) < 1.4
Low purity' mass and inverted substructure mj, j, € [65,105] GeV
SR || cr2mu cRzel || CRimuob | Rimub | sk || cremu Rzel || CRimu6b | CRimutb
Trigger Jomiss E%‘iss Electron Emlss E.’rmiss E%‘iss E_‘l.‘niss Electron Enmss s
e 0 0 0 0 0 0
7 0 2 1 0 2 1
S >8 - - >8 - -
mee [GeV] - € [66,116] | € [66 116] - - € [66,116] | € [66 116] -
m},, [GeV] - - € [30 100] | € [30,100] - - € [30 100] | € [30,100]
Nbey - . 21 . - -
np - - - - - >1

Each signal region has 2 corresponding control regions to estimate Z+jets,
and 2 CRs to estimate W+jets and ttbar background processes
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No excess observed

Model independent limits

set on visible cross-

section, in addition to
model-dependent limits

AlLPs

& L e e e B L i
09 A TLAS ---- Expected limit
Vs=13TeV, 140 fb! === Observed limit (:1577%*)
0.8 Axion-like particles [ Expected limit +1o
0 7 1 MeV I:l Expected limit +2¢
. mg =

95% CL limits

PR S T S S S SR 1

1 2 3 4 5
fu[TeV]

Inclusive model-independent

-== Expected limit
— Observed limit

- -~ Expected limit
—— Observed limit

T T
SRMHP:

SRMLP:

-~ - Expected limit
—— Observed limit

SRR:

400 500

600

700 800

ET™* threshold [GeV]

H to invisible

© 5 = e T
%, 'O ETATLAS ' AR £ [ ATLAS ‘
. -1 " - * = 3
r F|=1'3Tevé11‘-wdfb . W Expocted limit m{; 102__»/5 13 TeV, 140 fb
104 = ncouswelmc.: lel-inaepen: ent —— Observed limit = v g 95% CL limits
E 95% CL limits SRMLP: E E
C N === Expected limit | 10 ; N
100 = | — Observed limit | E
r 7 1
0% E B
.k | | | * 1 e = 108 5
D 10tE SRR: E - 10°g
E -~ - Expected limit E N F
103 §_ —— Observed limit _§ 9 E
200 300 400 500 600 700 800 200 300
ET™* threshold [GeV]
2HDM+a. scenario 1 Simplitied DM
= 2000 — T
S [ >
© ATLAS [0) r - Expected limi I
SR S 2HDMra &, oo ATLAS e |
—_— L ’ gl=1,mx=IOGeV, sin6=0.7 = Vs =13 TeV, 140 fo"
= [ ey 1.0 &0 " B evesegimitzto 1
S 1500 95% CL limits = - Vector mediator model gnﬁ:ﬂ:is:y‘s;ﬁio.m B

1000

500

[ Expected limit +20

- ==~ Expected limit

Observed

Expected

limit (+15°0F © 2k

limit +1o

co b e b

100

200

300

400

500 600
m, [GeV]

- Dirac Fermion DM ——— ATLAS Vs = 13TeV, 36.1fb™"]
6005 5,=025,2,=1,2,=0 _
L 95% CL limits

400

200

% 1500
my, [GeV]

Limits on Bj,—ny.

Expected limit  Observed limit

0.14
Merged topology 0.34%5 0o 0.38
0.23
Resolved topology 0.54%57% 0.71
Combined 0.3170:13 0.34
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Search for high-mass resonances in final states with a T-lepton
and missing transverse momentum

BENCHMARK MODELS

Targeting theories that predict the
existance of additional heavy vector

gauge bosons

\
ATLAS In this search: W' = v

EXPERIMENT

Run Number: 350184, Event Number: 1106430887

e Interpreted in terms of

- Sequential SM: flavor-universal
benchmark that assumes the W' and
Z' couplings are identical to SM W
and Z

- NUGIM: can exhibit different
couplings for the three lepton
generations, where non-universality of
W' couplings to SM fermions is

parametrized by angle parameter N

10


https://arxiv.org/abs/2402.16576

SUSY 2024 12 June 2024
- 5 |

STRATEGY

Hadronic 7-lepton decays are identified with an RNN based on calorimeter shower
shape and tracking information. Non-jet backgrounds estimated with MC simulation

Misidentification of jets as T-lepton

- - - - 4 ) 4 )
candidates is not well modeled by simulation SR CR2
dijet enriched
CRs defined to estimate in a data-driven way T passes Loose T passes Loose
ID s I 1o (sat) ' " arias ID
Transfer factor derived from CR2/CR3 and
applied to CR1 to get expected background /
in SR
( C Rl \ 100. 260 360 4(;9 500 ( C R3 \
> [ T T T T [ T T T T3 Py (GeV]
8 W g?ﬁ%&go T dijet enriched
% @ Validation Region ‘;Z'&';rnl;?:t‘;gmund _% T fails LOOSC, T fails LOOSC,
@ ] passes passes
\ VetyLoose 1D/ \ VeryLoose ID )

Data / SM

1
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T T T T T T T T T T T

107 ATLAS Model independent

T T T T T T T T T T T T T T T

> E 3 a
[} E ATLAS e Data E o L : 4 .. ) .
Oy fs-13Tevtaom’  Owon © L= 13Tev, 139007 PP THETS ] Visible cross SCCU}?HS ﬁarger
8] £ Signal Region [ Other background 3 < L g-igt?s:rtr;lts ] than 17 fb fOf m'tr res :OZ
GC’ 102 L 777 Uncertainty _;I ,>—<\ 102 — Expected —
T 3 < U E Wi 1 TeV and 0.014 fb for
B + F +20 ]
10 E 8 f sarias wissiw) | mETESN=2 95 TeV excluded
] W 108 PRL 120 (2018) 1618024
1 . ¢ §
] T i ] 5x i
1071 - S 104l i X 1rnprovement over
102 © F 1 previous visible cross section
' ‘ el limits >1.5 TeV!
%12"".'.|'fll"/' » " S T B
N st 7% /%//%y/ ] 7 % 200 1000 2:)hoo hold [G %/950
I %7 v % 7 Z m. r
% ng | It ? ///, - threshold [GeV]
1 1 1 1 1 1 1 1 Il 1 1 1 1 — T T T T T T D C T T T T T T T T T T T ]
Q 100 400 700 1000 ﬁl. ATLAS | Wsgm |—> v mz J\lon—pertulrbative regimeI i
prhad-vws [GeV] = 102 Vs=13TeV, 139 fo!  95% CL limits 8 i ATLAS ]
T B -e-Observed 5 Vs - —
T 10 - - Expected r s=13TeV, 139 b 1
2 W io [ W'y — v 95% CL limits
% ’ +26 f NUGIM 1
Q ; — Wegy 4 ATLAS ov[139 17 —
No excess observed x W . T Anas i
X< 10 % ATLAS 7v[36.1 b N 44 ATLAS Iv[1391b7]
g P PRL 120 (2018) 161802 3-\ L% ATLAS v [36.1 6] -
. .. 102 A —— Indirect (EWPT) N
Model-independent limits Tk A N - et (V) ]
. o 3 1090 i \ B :ng!rect (gKMl) .
provided on visible cross T L ob \ et Zp08)
. . . 1074 L |
section, as well as limits on i - o ]
1075 . . P B . 1 2t I T L
SSM and NUGIM models 500 2000 4000 6000 4000 6000
my, [GeV] m,, [GeV]

12
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Combination of searches for a Higgs boson decaying into a
photon and a massless dark photon 2406.01656

BENCHMARK MODELS

ZH and VBF used in combination for SM Higgs assumption
ggF and VBF used in combination for additional BSM Higgs hypotheses

13


https://arxiv.org/abs/2406.01656
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STRATEGY

Searches defined by final-state signatures targeting production modes

1.y + MET + VBF jets (VBF channel)
- MET trigger, 2 VBF jets
- 10 SRs defined by m;; and mp

For combination:

- ggoF contribution included using RECAST
- Additional signal samples generated to
align with masses probed in ggl’ analysis

2.y + MET + Z(¢¥) (ZH channel)

- Lepton trigger

- BDT classifier used to discriminate

signal and background

3. + MET (ggF' channel)

- Photon trigger

- RECAST from mono-y search (2011.05259)

For combination:

- VBF contribution also included

oL Vs =13 TeV, 139 fo”

Events / Bin

T T
Post-fit

Ratio

ATLAS
EVs=13TeV,L=139fb"
SR, ee+up, Post-fit

[tiH, VH
-«=+ ZH(yy,) 20 GeV
5% SMtotal

Events

8-
E Vs=13TeV, 139"

[ Fake v (jet) I W(v)yy
I y+jet Iz
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Signal (ggF+VBF) H—wyd:
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I-IZ;vvl)y‘ e al
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BDT classifier response

The 3 SRs were found to have negligible overlap, therefore treated as statistically independent
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ATLAS T e o0y
No excess observed EeTITV 19T i proes it e
SM H-yyq [ Expected limit +20
Obs. Exp.
Observed limit on H = yy, | ve 26
set to 1.3% }
VBF channel|- 18 17
. . Combinedf~
The observed 95% CL. limit on . | S

the cross-section times BR ranges

from 16 tb for my = 400 GeV to 1.0 tb
for my = 3 TeV

Assuming BR(Hggy = YYq ) of 5%,
masses of Hg¢ys below around 1600 GeV
are excluded.

Most stringent constraints on Higgs
decaying to photon+dark photon to date!

95% CL upper limit on B(H-YyYq) [%]

95% GL upper limit on B x 0ggr . vaF [Pb]
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ZH+VBF results also interpreted in terms of a minimal DM model
featuring a generic messenger sector coupling to both U(1) and U(1)4 sectors

my [GeV]

H—vrf‘1 Observed 95% CL
VBF-ZH combination
H—inv Observed 95% CL

PLB 842 (2023) 137963

H->yy ATLAS measurement

o +0.022,,
BR(H->1Y) = 0.247 0 22%

Nature 607, 52-59 (2022)

H-yy SM prediction
BR(H—>vy) = 0.227%

arXiv:1610.07922
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Search for dark mesons decaying to top and bottom quarks

BENCHMARK MODELS

2405.200061

Extension of the SM by a new dark sector:

Strongly coupled and confining
Conserving SU(2) dark flavor symmetry

Dark mesons are the composites of dark vector-like fermions
Dark mesons interact with EW sector and Higgs boson

Analysis target: Pair production of dark mesons resonantly through dark rho or
through Drell-Yan, decaying into ttbb or tttb

16
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STRATEGY

1. Hadronic channel
8-10 jets, at least 4 of which are b-jets

Hyp trigger with threshold 850-1000 GeV, depending on data-taking period
Main background from multijets estimated in ABCD plane

2. 1-lepton channel
Exactly 1 muon or electron in the event, in addition to jets

Single-lepton triggers with threshold 20-26 GeV, depending on data-taking period
Main background from tt+HF estimated with MC simulation

> 0.22
& 020E ATLAS [ pata-MC (multijety [] ¢ ]
. w Vs=13Tev, 140" [} Other MC A\ stat. uncert.
To fully contain dark meson decay %‘ 01855y Alhadronic channel ——....... SU@), n,=0.25,m =500 GeV
products, jets ate reclustered into large-R ~ §%'°F8y SU@), 17035, m_ =500 GeV
. . . 2 0.14 "= " SU@), n =0.45m, =400 GeV 3
jets with radius R=1.2 PN N T E
c v ]
FEE: L 3
5 0.10 E
Fully hadronic large-R jets: Jhad Rl E
Large-R jets containing 1 lepton: Jlee  EESESESEL | o b E

0.090 250 300 350 400 450 500 550 600 650 700
Leading large-R jet mass [GeV]
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RESULTS

— - All-hadronic channel:
Fit performed in SR, where bins

I:l - .Oth Mc Vs =13 TeV, 140 fb”'
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One-lepton channel shows significantly higher sensitivity than all-hadronic channel 18
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Search for light, long-lived particles using displaced vertices 2403.15332

BENCHMARK MODELS

Higgs portal ALP model #1
q
< H mediates
S ; interactions with
H------- <i\ . dark sector
s through coupling
to neutral scalar s
q
ALP model #2

photophobic  couples to up-type quarks
H. Russell . J



https://arxiv.org/abs/2403.15332

SUSY 2024

12 June 2024

STRATEGY

10°
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Displaced jets are distinguished from
prompt jets using a per-jet BD'T

Events must have at least 2 jets with

BDT score>0.5

Event-level discriminant computed by

taking product of jet BDT scores

Displaced vertices are reconstructed from a
combination of prompt and displaced tracks

This is the first result using the updated large-

radius tracking (LRT) reconstruction algorithm

- Maintains signal efficiency while reducing fake
reconstruction by a factor of 20

i) gFrrrrorprrrrpr e T T e T T T =
& 4oL ATLAS ¢ Data ]
© T {s=13TeV, 140 fo" —me=16GeV. 3
© | tepton,H—ss — my=40GeV -
& 15 ¢t =100 mm . M =55CeV
© - re-b bl A
® 10 ] - CR inp22SR noy=18R 7]
w10 = =
102k -
10°% L.
107 N S I P B S
03 04 05 06 07 08 09 1

BDT, xBDT,



SUSY 2024 12 June 2024
e .

RESULTS
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Summary

* Highlighting a few very recent Exotics results
e Summary/combination of 2HDM+a dark matter searches
* Search for DM with hadronically-decaying vector boson + MET
* Search for high-masses resonances with 7 + MET
* Combination of searches for Higgs boson to a photon+dark photon
* Search for dark mesons decaying to t, b quarks
* Search for LLPs decaying to hadronic jets in the inner detector

* Signature-driven analyses interpreted in terms of benchmark models, often
simplified models, in addition to providing model-independent limits

* Developments in analysis techniques allow for significant improvements in
sensitivity even with the same dataset

* Lots more to come, especially with Run 3!

[ Thank you! J
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Search for dark mesons decaying to top and bottom quarks

Event preselection:

Variable All-hadronic channel One-lepton channel
Niep(baseline) 0 1
Niep(signal) - 1
Njes(R = 1.2) > 2 -
Nb_je[s Z 3 Z 3
Hrt > 1150 GeV > 300 GeV
SR event selection:
Tag Variable Tag selection Anti-tag selection
Both large-R jets Mpp [ PT.bb > (0.25 > 0.25
Leading large-R jet bb AR (j, by) < 1.0 > 1.0
Sub-leading large-R jet bb, AR (j, by) < 1.0 > 1.0
[300 — 325 GeV,
Leading large-R jet D1 Mjet,R=1.2 325 — 400 GeV, < 300 GeV
> 400 GeV]
[250 — 300 GeV,
Sub-leading large-R jet D2 Miet R=1.2 300 — 350 GeV, < 250 GeV
> 350 GeV]

24
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Combination and summary of ATLAS dark matter searches
interpreted in a 2ZHDM with a pseudo-scalar mediator

14 free parameters in 2HDM+z model:
Masses of My, My, Mg+, Mg, m,,
Yukawa coupling strength between mediator and DM particle, g,
EW vacuum expectation value, VEV
Ratio of the VEVs of the two Higgs doublets, tan 8
Mixing angles of CP-even (@) and CP-odd (8) weak eigenstates
Quartic coupling of the pure 2HDM potential term (A3)
Quartic couplings of the potential terms connecting the doublet (Ap1) and singlet fields (Apy)

Assumptions made for 2ZHDM+a scenarios:
mapg=mg=1m H=

Ap1 = Apy = A3 =23
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Combination and summary of ATLLAS dark matter searches
interpreted in a 2ZHDM with a pseudo-scalar mediator

Analysis/Scenario la 1b 2a 2b 3a 3b 4a 4b 5 6

EP'Ss + Z(¢£) [74]
EMSs + h(bb) [75]
ET™ + h(yy) [84]
ETSS + h(77) [78]
EMiss 4 tW [77]

>
>
P
>
>
>
>
b
>

ol T B B R

EflE‘iSS + j [45] X X X X X

h — invisible [86] X X X
EPS + Z(qq) [126] X X

E’T“fss + bb [127] X X

ET™ + 11 [127, 128] X X

tett [85] X X X X X X X X X
tbH*(tb) [76] X X X X X X X X X

h—aa— fff f [79-83] X
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Search for dark matter particles in events with a hadronically
decaying vector boson and missing transverse momentum

Merged, High Purity Merged, Low Purity Resolved

TR T %) L T %) LER L PR L) 7 B ) o R ) P
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Search for light, long-lived particles using displaced vertices

E :I Frrrrrrrerrrrrerrrrrrrerrr T I:

K] L ATLAS [ Background .

" | Vs=13TeV, 37.5-140fb" 7/ Uncertainty ]
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o0 —a
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Search for light, long-lived particles using displaced vertices

Excluded range of ¢7; (mm)
BR(H — ss —» 4b/dc) || mg =55GeV | mg =40GeV | mg = 16 GeV | my = 5 GeV
1% 5.7-67.9 9.1-334 - -
5% 1.8-361.2 1.6 -254.2 22-80.3 -
10% 1.1 -626.8 1.2-4475 1.5-133.3 3.1-19.5
20% 0.8-1070.0 | 09-761.9 1.1-210.2 1.9 -37.0
Excluded range of ¢ty (mm)
BR(H — ss = 4u) || mg =55GeV | mg =40GeV | mg = 16 GeV | mg = 5 GeV
15 44-107.4 4.5-809 75-198 -
5% 1.6 - 398.6 1.4 -329.2 1.8-104.7 5.6-8.5
10% 1.2-651.9 1.1 -547.2 1.3-168.4 24-233
20% 0.9-10760 | 0.8-928.5 1.0-2634 1.5-42.2
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