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Search for exotics physics ¥ ATLAS

= The Standard Model explains most of the observed phenomena.

= However, theoretical reasons and observational evidences motivate the search for exotics phenomena.

Theoretical motivations Observational evidences

[ Flavour puzzle ] [Baryon asymmetry of]

the Universe

GUTs to unify EW and N :
QCD, gravity? eutrino masses
o 0
o 0 o 0
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Search for exotics physics ¥ ATLAS

= The Standard Model explains most of the observed phenomena.

= However, theoretical reasons and observational evidences motivate the search for exotics phenomena.

Theoretical motivations Observational evidences

50 F
: Gravitational lensing,

CMB radiation, large
scale structure, bullet

2 2 2
mg = mH,O + 6mH

H H
Ae 74 === ---
°d
Jm?qoc/ —focAE
0

100

V (km s-1)

s0 £ 77 cluster, etc.
p - I
t
Possible solutions: 0
Models such as Composite Higgs DM candidat
and .thtle !—Ilggs, predl.ctmg new MACHOs, Axions, Dark photons, Kaluza-Klein
particles like vector-like leptons particles, Weakly-Interactive Massive Particles

and quarks. (WIMPs), etc.
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https://arxiv.org/abs/astro-ph/9909252

Search for mono-V events
decaying hadronically

Paper submitted to JHEP
arxXiv:2406.01272

22222222


https://arxiv.org/abs/2406.01272

Motivation for mono-V searches &I.!r.ﬁé

= Since Dark Matter is not expected to interact with the detector, its detection requires the production of additional
objects to trigger the event.

= Events with just a single object in the final state and large missing energy transverse (E;/"'SS) are a clear signature to
look for Dark Matter.

= This search is focused on events with a single W/Z boson decaying hadronically.

= Four BSM interpretations explored: Axion-Like Particles (ALPs), Two-Higgs-doublet model with a pseudoscalar,
Higgs portal and a simplified model.

g q V X
A NS Ziys
t
I q X
ALPs in association 2HDM+a Higgs portal Simplified model
with a Vboson (hypothetical mediator
(effective scale 1) decaying to WIMPs)
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Strategy for hadronic mono-V search ATLAS

EXPERIMENT

= Depending on the boost of the produced boson:

2406.01272
o Mergedregime: large-R jet p; > 250 GeV. .UEU: - mas T g.(am } T
] —wv+jets
o Resolved regime: reconstructed V (mj, ;, € [65,105] GeV, AR;; ;, < 1.4, Ad; ;, < 140°). i ) (s=13TeV, 140"  pumm Wit
| j | ’ 10 SRR Diboson
1large R-jet (R=1.0) 2 small R-jets (R=0.4)

ETrmss > 250 GeV ETmJSS > 200 GeV Multijet

Z(—sll)+jet
Merged regime Resolved regime F (=) +jets

- = h{=inv}, B, . =100%

h—slimv

Y q my=1GeV,m, =1TeV
X tTx7/7 /98 o E"EEEES @ sssmam ¢ Cw = OE,L =3TeV
mlss{ X W/Z Erni_c,g{ W/Z - = m, =1TeV,m, =100 GeV
ET ...... ™ 1 wr---"" = 7 Uncertainty

Property: Johannes Balz (Mainz)

W/Z tagging of the boosted large-R jet using the combined mass,
substructure variables and the number of associated tracks.

1
E B
@14 ;
3 signal regions depending on the boosted regime and the tagging criteria. | § =t b
Z(-> vv)+jets, W(->lv)+jets and top pairs are the dominant backgrounds. “S00 400 600 800 1000 12'00Emi551[é00v;
e
o Z(->vv)+jets estimated in di-leptonic phase space. i > .
iggs -> inv
o W(->lv)+jets and ttbar estimated in events with muons and b-jets. g8
Likelihood fit to the E;™sS distribution in both signal and control regions. 2HDM
ALPs
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https://arxiv.org/pdf/2406.01272

Results

= No significant excess found for any of the signals explored.

= Model-independent (inclusive) limits on the visible cross-section (6 xAx £): > 0.8 fb excluded for large E;/™ss values (>500 GeV).

= Model-dependent exclusion limits on the free-parameters of the models.
o The ALP search excluded the ratio c.¢/f, (for a fixed my p=1 MeV) for values above 0.11 TeV-1. Cert - effe(?tlve coupling
L o _ o f, : effective scale
o 2HDM+a set exclusions in pairs with 2D limit maps fixing the rest of parameters.
o Higgstoinvisible excluded BR(h-> invisible) >0.34 .

o The simplified model allows to set limits on the DM mass and mediator masses, fixing the values of the couplings.

; 2000 LA B R I B H | L B ;‘ T T T T | T T T T | T T T T |
(] i ATLAS 2HDM+a 7 8 I ATLAS - - - - Expected limit ]
o | Vs=13TeV, 140" i ) O, 800 » 222 Observed limit (<1077 7]
|_t:: L ' gz=1’ m, =10 GeV, sin6=0.35 | = | Vs=13TeV, 1401b Expected limit =10 T
g = :QjméET” tanf=1.0 3 - Vector mediator model L1 E"Flfe"(:ed ‘ftr;“s;:;’ o
% imits . . —=—= Relic density, >0.
1500 600 i D|ract:) ermlon 1DM 0 —— ATLAS Vs = 13TeV, 36.110" |
r — gq =U.20, gl =1, g{ = — . . pe
2HDM+3a Eel | 95% CL limits i Slmpllfled
o - I . ] model
.............................. Q.
1000~ THEE—— 4001 .
- i LY -

- - - - Expected limit

2 Observed limit (£10707 259 _j
500 [ Expected limit 1o 200 o
" [ Expected limit +2¢
i —— ATLAS 5=13TeV, 36.1 fb” i
TR R T N [N TN T T T AN Y YN N AN Y ST ST S N Y SO | g :::::::::7:.::7?\} | .l Ill 1 I 1 | |
100 200 300 400 500 600 00 500 1000 1500
m, [GeV] my, [GeV]
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Vector-Like Leptons in
the T channel

Conference note:
ATLAS-CONF-2024-008

22222222


https://inspirehep.net/literature/2812546

Motivation of VLLs SATLAS

= VVector-Like Leptons are predicted by models that solve the hierarchy problem.

o This search is based on the 4321 renormalizable model: SU(4)xSU(3)’xSU(2),xU(1)’
o Introducing leptoquarks (U,), 3 hew gauge bosons, vector-like leptons (E/N) and quarks (U/D).

= Vector-like: same EW transformations for left- and rigth-handed components.

= Leptons: colour-singlet, spin-1/2 particles grouped in SU(2) doublets with a
neutral and a charged component.

" This search target pair-production of VLLs:

Search focused on T’s
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EXPERIMENT

Strategy for VLLs with T°s in the final state

Different triggers to maximise sensitivity.
o MET, SinglelauTrig. (STT), DiTauTrig. (DTT), BJTrig. (BJET).

i 1 . —1:15\- R bj_]]lﬂhh 11i}.’,§§(‘]
= 5 signal regions for three event categories: —> B > 200 GeV b — | 51

e decision
O 1Thad, 3b MST & 1Thad, 2 4b MST (MST:MET U S-I-T)' : ’ ________________ } : had meé 1](]] (] 1O ]J \I S.Hg](‘*ﬂmi
"% 1 Leading 7,4 pr > , 140, 180] GeV ' —p I—
o 1Thad’3b BJET&1Thad 24b BJET \______'_’__[_____J__, I triggered object I trigeer decision
’ N et et e e = = >
| S e e e e e e
o =2 2Thad’ = 3b MSDT (MSDT=MET U STI- U DTT). !__> ?r le 1([111' Thad PT = 10 GeV \
: Sub-leading 7j,,q pr > 30 GeV | p—— = = = = N
= 0 leptonS + >=1 Thad . S'gnal & control I’eglonS. 1 Leading jet pp > [45,80] GeV : ! Two 7,4 matched to Di-7y04
I Sub-leading jet pp > 45 GeV ™ g the triggered objects p trigger decision
= >=1 leptons: Scale & validation regions. ' ARy, mad) <25° 1 mmmmmmm-o
— Event passes selection § 2017 and 2018 triggers ,'
= Main baCkgrOU nds: top pair’ Z/W+jetS --» Event does not pass selection TTTTTTmTTETT -i T T -sl
D Light-lepton selection -=p : At least four jets 1—y b-jet
. .. —— e . . . with pp > 40 GeV trigeer decisi
» Neural Network score as discriminant. -3 Offine kinematic selection @ AMET bucket EM% bicket Vmmmm e o e
. o ] ) Trigger matching R )
o Differenttraining for the 3 event categories. o @ D'T'T bucket, J— MSDT bucket
[] Trigger decision & BJET bucket
= Simultaneous fit over 5 signal regions & 7 control

regions.
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Results

No significant excess of data over the expected background is observed.
Limits presented for the individual and combination of the signal regions.

e
ATLAS

EXPERIMENT

The observed (expected) limits exclude masses below 910 (970) GeV at 95% CL.
Results incompatible with CMS excess.

23/10/24
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o, X BR [pb]
o
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ATLAS Preliminary —e— Observed limit

Vs=13TeV — — Expected limit
126 - 140 fb™’ Expected 1o
95% CL limits Expected 20 _
- - - - Expected (tr,_, = 3b MST, 140 fb™)
- - - - Expected (tr, _, = 3b BJET, 126 fb™)
Expected (= 2v,_, = 3b MSDT, 140 fb™)
—— Theory prediction
I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 [ l 1 1 1 I 1 1 1 I 1
200 400 600 800 1000 1200 1400

m,,, [GeV]
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Earlier study from CMS
found a 2.80 excess at
my,  ~600 GeV
(CMS result).
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https://www.sciencedirect.com/science/article/pii/S0370269323000473

Vector-Like Quarks decaying to
Wb hadronically

Paper submitted to JHEP
arXiv:2409.20273



https://arxiv.org/abs/2409.20273

. S
Motivation of VLQs ¥ ATLAS

1U:|\LI|||||||||||||||||||||||||||||

= Vector-Like Quarks (VLQs) appearin some BSM Phys. Rev. D 88, 094010 AQUIEE i)
models to solve the mass hierarchy problem. [ o @ Seavedraetal Ybj

Same EW transformations for left- and right-
handed components.

= Spectrum of VLQs: X,5/3, T42/3, B.1/3, Y.a/3-

= Two production modes at the LHC:

L 1 I 1 1
1200

depend on my,q. m, (GeV)

1 1 1 |
1400

1600 1800 2000

o Pair production: dominant for low masses, only Al

10 7200 600 800 1000

o Single production: dominant for large masses and
also depends on EW couplings.

q

Pair WIH[Z

q

Simplified model to interpret single-production
results.

8
Strong coupling W/H/Z
EW coupling

o Limits on cross-section, m,, o and overall coupling k
to SM bosons. .
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Strategy for 1/Y -> Wb hadronically

FIRST SEARCH IN THIS CHANNEL

antik; R=1.0

([,

W-tagged jet

Wb Wb o
~ ¢y p Or sinfp g ~ Cp/p Or sin 0L/ r

b-tagged jet

W AR >1

antik; R=04

* Discriminant variable signal vs background:
my_ o = P(leading large-R jet) + p(leading small-R jet)
* Multijet production is the mainirreducible background.

* Multijet estimate calculated with a data-driven technique:

* ABCD method: W-tagging working point and b-tag multiplicity to define
the plane.
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OATLAS

EXPERIMENT

C T I T T T T T T T T I T T T T I T T T T
- ATLAS ¢ Data

- Ys=13TeV, 139 fb™ ---Y doublet x 17.8 * -
- Q>Wb,Q=TorY [l Multijet .
— SR A1 Wi -
Post-Fit Il Single top .
B Wijets -
[ Z+jets N

77 Uncertainty

o JYTTTYYYS STYYTYYT

2500 3000
VLQ mass [GeV]

1000 1500 2000

Post-fit distribution of my, q

fit

ted to data in the SR for the

background-only hypothesis
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E 102:5 T 1 71 I 1.1 | 1 1 I T 1.7 I L 1 1 I T 1 71 I 1 1 ?
S F ATLAS ;
X - {s=13TeV, 139 fb"’ 95% CL Obs. Limit -
10 E Q->Wb,Q=TorY =~ gEi‘;% CLE. Limit 73
- Exp. Limit +2 & .

Y doublet, x=0.5
L= T singlet, k=0.5 3

101

L
h.l.,.
-l
"y
.
102 e
;

1 1 1L I 1 1L 1 | 1L 1 1 I 1 1 1L I 1 1L 1 | 1L 1 1 I 1 1 L I 1 1 1 | 1
L e R YT
My, [TeV]

= 0.5, masses of T (Y) below
.4 (1.8) TeV are excluded.

Note: Assuming BR(T->Wb)=0.5 (T singlet) and BR(Y->Wb)=1.0

SATLAS

EXPERIMENT

ATLAS
Ys=13TeV, 139fb”"

= 05% CL Obs. Limit

-+=+95% CL Exp. Limit
; [ Exp. Limit £ 1o
s S00 "o, Exp. Limit + 26

T e
(e

(B.Y) doublet
_B(Y - Wh) =1

L1 | L 1 1 I 1 L 1 I L L 1 I L
1800 2000 2200 2400

m, [GeV]

D 'l L 1 I 1 1 1 I L 1 L I L
fEJDD 1200 1400 1600

* myexcluded upto 2.2 TeV for k~0.6
* k>0.2excludedinthe low massrange.
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Combination of singly-produced
Vector-Like Top searches

Paper submitted to PRD:
arxiv:2408.08789

23/10/24 BLOIS2024 Adrian Rubio Jiménez
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http://arxiv.org/abs/arXiv:2408.08789

Introduction to VLQ combinations

Paper for combination of pair-produced VLQs.

Wide range of final states coming from a singly-produced VLQ are
being explored in the collaboration:

* B->DbH (H>yy; H>bb)

* T/Y>Wb (W->2v; W>qQq)

e T>Ht/Zt (Z>vv; Z>02;7>qQ)

A combination of three searches of vector-like Top (VLT) quarks is

shown.

The VLT quark can exist in a singlet, doublet or triplet of SU(2), .

Multiplet

D @E) e ()(

Hypercharge
Weak isospin
Color charge

~1/3 +1/6 +7/6

23/10/24

BLOIS2024 Adrian Rubio Jiménez

2

g -

o 1_— (T,B) or o
:E L SuU(2) Singlet (X,T) Doublet N
[$]

@ 0k —T->Wb - T>Wb ]|
@ =2 — T2t Tzt

ST —ToHL e T - Ht

300 400 500 600 700 800 900 1000
my [GeV]

T singlet: BR(T->Zt)=BR(T->Ht)=0.25
T doublet: BR(T->Zt)=BR(T->Ht)=0.5
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.121.211801

Combination strategy

= Three analyses with

orthogonal final states:

o Monotop: 0 lepton.
o Ht/Zt: 1 lepton.
o OSML: 2 or 3 leptons.

= Common systematics
are correlated among
the analyses.

= Centralised framework
to combine workspaces,
perform fitting and
plotting.

23/10/24

Monotop 7

BOOSTED
TOP

BLOIS2024 Adrian Rubio Jiménez

OATLAS

EXPERIMENT

<) > 1 forward jet

Z candidate
pr(Z) > 200 GeV

- > 1 top-tagged
\ large-R jet

2 1b—tag
> 1 forward jet
<0 j

max|[pr(lep)] > 200 GeV
|  Z candidate
{ | pT(£0) > 300 GeV

U p > 3leptons
p Ap(Z lep-3) >

=)

"

N3

> 1b-tag

Ap(Z,lead-b) >

0o | =
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https://link.springer.com/article/10.1007/JHEP05(2024)263
https://link.springer.com/article/10.1007/JHEP08(2023)153
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112012

»ATLAS

EXPERIMENT

Results

= The combination significantly improved the limits obtained from the individual analyses.
o For kvalues of 0.5, the excluded cross-section improved around a 50% (20%) and the mass limit increased
~200 (~150) GeV, for the singlet (doublet) interpretation.
= Upper limits set for T singlet (doublet):
o The cross-section for single production is constrained to be below 0.02 pb for k~0.3 (0.7) .
o Coupling parameter k is contrained to be below 0.2 (0.4) for lower masses, excluding masses up to 2.2 (1.7) TeV

for k ~0.5(0.7).
3‘ | = g ‘ T ] | g | ] i rrraatTT= \ N | ] T I L i Bl ATLAS IATLAS B
.9'. [ ATLAS 95% CL upper limits B . 9 [\“TET=]13TTEWVT139[beT e ” 1_[\[3[=1:?T6[V|, 1|3\g'ib| L ) B B
= Vs=13TeV, 139 fb Obs. Comb F T sinal o - ] ~ T doublet 95% CL upper limits
§ 1 o O R EEEE s Exp Comb —| [ singlet 95% CL upper limits 0.9 : +E +E =16 =E =05 —Obs. Comb —
b2 cET Singlet, k=0.5 Exp i’;’ ] Ogg éw * éz i3 éH =1 éz = éH =025 _gs:gg:: B Eowz T om 'tz M ' - Exp. Comb
B s . Xp. +26 ] F - Exp. . ' :
T qw + QZ + éH =1, éz = gH =026 T Exp. MOﬂOtOp 1 0.8 Exp. t1o B 0.8‘_‘ ’/,- ' Exp. t1o
e I R .S = Exp. HtZt — . E Exp. +20 1 [ ) . P Exp. 20
~ S ... Exp. OSML 7 F - Exp. Monotop 1 - Exp. HIZt
T L Theory (NLO) il 0.7 E:P- gtsZI:/IL = 0.7 L Exp. OSML
a b ; p. ]
Q L & 0.6} Tom oo
\6 10 ‘__ — ] j 7 509
] = 055 -
4 4 -
E ° - T/m, =209
- 0.3 -
] C M= 10%
5 02 Ty/m ]
J=rg ! £
2.6 o Lo b Py P b B b I
. ! ! i 7 , B . 1. 1. 1.8 2 2.2 2.4 2.6
m; [TeV] m; [TeV] my [TeV]
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. &
Conclusions ¥ ATLAS

Some of the latest exotics searches in ATLAS have been shown, mainly
related to the Dark Matter and the hierarchy problems:

L Mono-V hadronic search.
O Search for Vector-Like Leptons in the multi-tau and multi-bjets channel.
O Search for singly-produced Vector-Like T/Y decaying to Wb hadronically.

1 Combination of singly-produced Vector-Like Top searches.

No significant excess of data over the expected background is observed.

Stringent limits are set in several cases and combinations offer large |
improvements over analyses in individual channels. ,
More analyses are being finalised soon... keep tuned! | I i I
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tang

Mono-V search

" 2HDM+a model set limits to the cross-section and 5 parameters:
0 8y, My, MA=mH"=mH-, sinf, tanf

ATLAS
Vs =13 TeV, 140 fb”

2HDM+a

g =1, my=10 GeV, sinf=0.35
- :

m,=m,=m, =600 GeV

95% CL limits

= = == Expected limit

Cl Expected limit 10 =]
[ ] Expected limit =20 ]

L
300

23/10/24

tang

10 ATLAS

2HDM+a

95% CL limits
- - -~ Expected limit

{s=13TeV, 140 b

m,=260 GeV, m,=m,=m .
g =1, m, =10 GeV, sini=0.35
%

=== Observed limit (x10""" &%)

[ expected imit <10

1= [ Expected imit <20 —
P I ] |ﬂ| (I I IR
500 1000 1500 2000 2500 3000
m, [GeV]

Q)125||||||||||||||‘||||‘||||||||\|||\||\|
ATLAS ]
Vs = 13 TeV, 140 fb" .
10 .
& 2HDM-+a ]
% g,=1,m,=10 GeV, m,=200 GeV i
8h: lanﬁ 1.0, m,=m,=m, =600 GeV -
mh 95% CL limits b
= v -
= ‘|‘ -
B - - - - Expected Limit —
L " |
; == Observed limit (=17 © %% |
o I:l Expected Limit +1o b
- W [ ] Expected Limit +20 ]
2_ —
Covon bl bya Doyt T Ty
01 02 03 04 05 06 0.7 0.8 09
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SATLAS

EXPERIMENT
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10°E E
E 2HDM+a 3
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Mono-V search YATLAS

" Model independent limits on the inclusive visible cross-section:

o) Lo A S L 3

= - ?LTLAS p SRMHP: .

G’e 1P __ I S |= 1_3 Tch; ':‘?Odfb dont 444 Expected limit __

SRR: resolved. \% % Qnsi/gs('lj\'l._elir?n?[se -independen —— Observed limit §

SRMHP: merged with high purity. - N . ERML:’; L
. . . 3 2 xpected limi

SRMLP: merged with low purity. 10 N — Observed limit 3

E g 5

b3 ‘ E

. 10_1 = e ey

2 10 E SRR: 3

S - <=« Expected limit .

A 10F — Observed limit 3

v - i

1 ;_ gz \ —;

200 300 400 500 600 700 800

ET"* threshold [GeV]
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EXPERIMENT

VLLs in the multi-t and multi-bjets channel ¥ATLAS

Variable Event category
) . nivie v v
o Mass-parameterised Neural Network PrS v v /
pT,T
o 2 dense layers (35 nodes each) and 2 Prs ) ) j
. N'ets
nodes in the output layer. Mo, v
. . . Hr jets v v N4
= A different training was performed et / / /
had,0» Thad, 1) v
I M (Thad,0, bo) v v N4
for the three event categories. o) ¥ v y
. . m(boby, EXiss) v v v
= The variables given to the NN are xpren / /
1 Thad
shown in this table. min(Ag (EF, jets)) / v v
min(A¢ (EF', haa)) v v v
. . o ey N v v v
= The signal regions definitions are: o / % v
2014 v
Signal Region \ 1Thag3b MST | 17,09 = 46 MST | 17haa3b BIET | 17haq = 46 BJET \ > 2Thad = 36 MSDT
Trigger bucket MET U STT | BIET MET DTT
Number of Tj,q 1 =22 2(0S)or>3
Thad 1dentification ‘ Tight > 1Loose | = 1 Medium | > 2 Medium
Number of b-tags @77% 3 >4 | 3 | >4
Number of jets >4
NN score distribution NN (1Thaq MST) | NN (17hag BJIET) NN (= 27hag MSDT)
23/10/24 BLOIS2024 Adrian Rubio Jiménez 24



On
Search for singly-produced VLQs decaying to Wb ATLAS

W-tagging WP l
= ABCD plane: |
o Need to estimate the
multijet background in the Not loose B C

signal region A1.
o Non-multijet background

. . A
IS extracted from Loose not tight (VR) D
simulations at each bin.
. Al
Tight (SR) DI
>1b 0b b-jet multiplicity F
( NDat [ ] SM MC backgrounds [ ])
Itijet estimat SMMCb k d /D1 D/Dl
NKI/IIJAIIJC estimal e[ ] RCOI.I. [l] % (NData[ ] acKgroun S[ ]) X

( Data [ ] NSM MC backgrounds [ ])
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Combination of singly-produced VLT searches

Different techniques, and therefore,
different sources of systematics are
possible for each analyses.
Uncorrelated scheme for the non-
common uncertainties.

Orthogonal analyses according to the
lepton multiplicity

»ATLAS

EXPERIMENT

Analysis Target signal Decay channels Discriminants

MonNoTor Wb/Zt > T — Zt Zt — vvbgq (0f) BDT score
HtZr Wb/Zt - T — Ht/Zt Ht/Zt — bbbtv/qqbty (1£) Meg
OsML Wb/Zt - T — Zt Zt — €0blv (3(), Zt — €fbgq (2f)  Z boson pt

23/10/24

Category ‘ MonoTtopr ‘ HtZr ‘ OsML Correlating
Lepton and ET"° uncertainties
Electron uncertainties v v All
Muon uncertainties v v All
E™MSs uncertainties v v v All
Jet uncertainties
JES uncertainties v v v All
JER uncertainties v v v H1Zt and OsmL
JMS uncertainties v None
JMR uncertainties v v None
Tagging uncertainties
Flavor-tagging uncertainties v v v Monotop and OsmL
Top-tagging uncertainties v None
W/Z-tagging uncertainties v None
Background modeling uncer- | v v v None
tainties (constrained)
Background normalization factors (unconstrained)
tf normalization v None
V+jets normalization v None
Z+light-jets normalization v None
Z+heavy-flavor normalization v None
¢tV normalization v None
VV normalization v None
BLOIS2024 Adrian Rubio Jiménez 26
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