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Standard Model & Beyond (?)

* The Standard Model (SM), a very successful theory
* describing particles, forces & interactions
* Higgs mechanism for mass generation

* Several pressing questions remain

* nature of dark matter in the universe N .,.Zl
* hierarchy problem . . | B I
* neutrino masses S o e e
* matter-antimatter asymmetry, etc. 'B ‘fﬂ 2

* Many theories beyond the SM attempting to address these =
guestions

* predict existence of new particles and interactions

* ATLAS experiment at the LHC energy frontier
* multipurpose detector & essential tool
* precise SM measurements
* extensive search program to hunt for BSM physics
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ATLAS Results Presented

* Highlights of recent measurements and searches S5 arias 13 Tev

2140 Preliminary
= _

Delivered: 156 fb™'

* using ~140 fb™ of p-p collisions at 13 TeV Sre0- et s
* full Run 2 dataset (2015-2018) -~ [ ood for Physics
* Brief overview of SM measurements & Higgs couplings
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* High-level view of BSM searches & limits 200 | |
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heavy particles and new resonances TN aen T Taat T et W

* long-lived particles
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* Highlights from selected searches to match conference themes

[] 2016 <u>=25.1
. 400 [ 2017:<u>=37.8
* heavy neutrinos T 2016 o - 3611
[ Total: <u> =33.7
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* dark matter
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* dark sector mediators
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* Al ATLAS public results are nicely organized at:

OO

10 20 30 40 50 60 70 80

* https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ Mean Number of Interactions per Crossing
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SM & Higgs Measurements

Standard Model Total Production Cross Sectlon Measurements [Ldt nggs COUp“ng'Strength modifiers
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Heavy Particles & Resonances Searches

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

*Only a selection of the available mass limits on new states or phenomena is shown.
TSmall-radius (large-radius) jets are denoted by the letter j (J).
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Status: March 2023 fL dt = (3.6 — 139) o1 \/E =13 TeV
Model t,y Jetst ET™ [rat™] Limit Reference
T T T T T T T T T T T T T T —T

. ADD Gkk + g/q Oeput,y 1-4j Yes 139 Mp 112TeV n=2 2102.10874
g ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZNLO 1707.04147
£ ADDQBH - 2j - 139 | Mw 94TeV. n=6 1910.08447
S ADD BH multijet - >3j - 3.6 M, 9.55TeV n=6, Mp =3TeV, rot BH 1512.02586 .
® | RS1Gg —yy 2y - - 139 | G mass 45TeV K/ = 0.1 2102.13405 ® W d f I
b= Bulk RS Gy —» WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp; = 1.0 1808.02380 I e ran g e O I I I O e S
w Bulk RS gk — tt le,u 21b21J2 Yes  36.1 8Kk mass 3.8 TeV r/m=15% 1804.10823

2UED/ RPP 1epu >2b>3] Yes  36.1 KK mass 1.8 TeV Tier (1,1), B(AMD — ¢) =1 1803.09678 .
sz i T T P and signatures covered

@ SSM Z’ — 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
= Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oepu >1b,>2J Yes 139 Z’ mass 4.1 TeV r/m=12% 2005.05138
_8 SSM W’ — tv 1epu - Yes 139 W’ mass 6.0 TeV 1906.05609 [ ]
o SSM W' — v 17 - Yes 139 | W’ mass 5.0 TeV ATLAS-CONF-2021-025 n eW g au g e O S O n S
g’ SSM W’ — tb - >1b>1J - 139 W’ mass 4.4 TeV ATLAS-CONF-2021-043
i} HVT W’ — WZ model B 0-2epu 2j/1Jd Yes 139 W’ mass 4.3 TeV 8gv = 2004.14636
S HVT W — WZ — v {'f’ model C 3 e, u 2j(VBF) Yes 139 W’ mass 340 GeV gven=1,g=0 2207.03925 . .

HVT Z’ — WW model B teu  2i/1d Yes 139 |2 mass 39TeV gv = 2004.14636 ® extra dlmenS|OnS

LRSM Wgr — uNg 2u 1J - 80 Wg mass 5.0 TeV m(Ng) =0.5TeV, g = gr 1904.12679

Cl qqqq - 2j - 37.0 A 21.8TeV 1, 1703.09127

— Clttqq 2eu - - 139 A 35.8 TeV m 2006.12946 . .
O Cleebs 2e 1b - 139 |A 1.8 TeV g=1 2105.13847 ® Contact Inte ractlons

Cl pubs 2u 1b - 139 A 2.0TeV g =1 2105.13847

Cl tttt >leu 21b,>1j Yes 36.1 A 2.57 TeV |Carl = 4r 1811.02305

Axial-vector med. (Dirac DM) - 2j - 139 Mmed 3.8 TeV £4=0.25, g, =1, m(x)=10 TeV ATL-PHYS-PUB-2022-036

* S Pseudo-scalar med. (DiracDM) Oe,u, 7,y 1-4j Yes 139 Mpmed 376 GeV gq=1, 8=1, m(x)=1 GeV 2102.10874 [ J I e tO u arkS
Q Vector med. Z’-2HDM (Dirac DM) 0 e, u 2b Yes 139 mz 3.0 Tev tanp=1, gz=0.8, m(y)=100 GeV 2108.13391 p q

Pseudo-scalar med. 2HDM+a  multi-channel 139 m, 800 GeV tanp=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-036

Scalar LQ 15t gen 2e >2j Yes 139 LQ mass 1.8 TeV p=1 2006.05872

Scalar LQ 2™ gen 2u >2j Yes 139 LQ mass 1.7 TeV p=1 2006.05872 [ ] d k tt

Scalar LQ 3™ gen 17 2b Yes 139 | LQj mass 1.49 TeV B(LQ§ — br) =1 2303.01294 ar I I I a e r

QO ScalarLQ 3™ gen Oeu  >2),>2b Yes 139 |LQjmass 1.24 TeV BLQ - tv) =1 2004.14060
=0 Scalar LQ 3" gen >2epu, 217t >1j,>1b - 139 LQ; mass 1.43 TeV B(LQ§ > tr) =1 2101.11582

Scalar LQ 3™ gen Oeu,217 0-2j,2b Yes 139 LQS mass 1.26 TeV B(LQY — bv) = 2101.12527 P = =

Vector LQ mix gen multi-channel >1j,>1b  Yes 139 LQ} mass 2.0 Tev B(Th — tu) =1, Y-M coupl. ATLAS-CONF-2022-052 eXC I te d fe rm I O n S

Vector LQ 3" gen 2eu1 >1b Yes 139 LQ; mass 1.96 TeV B(LQY — br) =1, Y-M coupl. 2303.01294
o VLQTT - Zt+ X 2e/2u/>3e,u 21 b,>21) - 139 T mass 1.46 TeV SU(2) doublet 2210.15413
X g VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343 P - -

TS VLQ To3TspslTss—> We+ X 2(SS)/23eu>1b>1] Yes 361 |Tsamass 1.64 TeV B(Tsj3 > W)= 1, ¢ Ts;sWe)= 1 1807.11883 Ve Cto r_ I I ke fe rm I O n S
S E VIQT - Ht/Zt leu 21b,>3] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040

88 VQY - Wb teu >1b>1j Yes 361 | Ymass 1.85 TeV B(Y - Whb)=1, cp(Wh)=1 1812.07343

== VLQB- Hb Oep >2b,>1j,>1J - 139 | Bmass 2.0 TeV SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018 .

VLL 7 — Z7/Ht multi-channel  >1] Yes 139 | =’ mass 898 GeV SU(2) doublet 2303.05441 [ Ot h r H H t r I I e t
hel Excited quark ¢* — qg - 2j - 139  |'q*mass 6.7 TeV only u* and d*, A = m(q") 1910.08447 e I g g S p ’
o § Excited quark ¢* — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
5@ Excited quark b* — bg - 1b1j - 139 | b* mass 3.2TeV 1910.08447

Excited lepton 7* 27 >2j - 139 7* mass 4.6 TeV A=4.6TeV 2303.09444 e t C .

Type Ill Seesaw 234eu >2j Yes 139 NC mass 910 GeV 2202.02039

LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2 TeV m(Wg) =4.1TeV, gL = gr 1809.11105

* S Higgs triplet H** —» W*W#* 2,3,4 e, (SS) various Yes 139 H** mass 350 GeV DY production 2101.11961
< Higgs triplet H** — ¢ 234eu(SS) - - 139 H** mass 1.08 TeV DY production 2211.07505
(e} Multi-charged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, |g| = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
V§=13Tev v;=13'|-ev MR | L 1 ool 1 L MR | 1 L PR
e -1
partial data full data 10 1 10 Mass scale [TeV]
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Long-lived Particles Searches

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: March 2023 [£dt = (32.8-139) b Vs =13 TeV
Model Signature  [Ldt 7] Lifetime limit Reference .
RPV - uq displaced vtx + muon 136 f lifetime 0.003-6.0 m m(t)=1.4TeV 2003.11956
L P eesem | mo-aw * Weak coupllng to the SM
RPV 9 — eev/euv/uuv  displaced lepton pair 32.8 )?2 lifetime 0.003-1.0 m m(§)=1.6TeV, m(7?)=1.3 TeV 1907.10037
RPV)”(‘I’ — qqq displaced vtx + jets 139 )2‘1’ lifetime 0.00135-9.0 m m(i9)= 1.0 TeV 2301.13866 I e ad S to L L P S
GGM ¢ — zG displaced dimuon 32.9 X/g lifetime 0.029-18.0 m m(g)=1.1TeV, m(¢?)= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 139 is lifetime 0.24-2.4m m(i3, G)= 60,20 GeV, By=2% 2209.01029 PY U n CO n Ve nti O n al d ete Cto r
GMSB 7 — (G displaced lepton 139 | 7 lifetime 6-750 mm m(7)= 600 GeV 2011.07812
§ GMSB 7 —» G displaced lepton 139 7 lifetime 9-270 mm m(7)= 200 GeV 2011.07812 S i g n atu res
2 AMSB pp — 70, %1 1 disappearing track 136 )?f lifetime 0.06-3.06 m m(¢})= 650 GeV 2201.02472
AMSB pp — 72, ¥ 7 large pixel dE/dx 139 | ¥y lifetime 0.3-30.0 m m(i)= 600 GeV 2205.06013
Stealth SUSY 2 MS vertices 361 | & ifetime 01-519m B(g — 8g)=01, m(z)=500GeV|  1811.07370 PY A num b er Of
Split SUSY large pixel dE/dx 139 § lifetime >0.45m m(&)=1.8TeV, m(¥3)= 100 GeV 2205.06013
Split SUSY displaced vtx + EMiss 32.8 £ lifetime 0.03-13.2m m(g)= 1.8 TeV, m(¢3)= 100 GeV 1710.04901 p t I h I I g
Split SUSY 0¢,2-6jets -¢—E}“‘55 36.1 § lifetime 0.0-21m m(g)= 1.8 TeV, m(¢9)= 100 GeV | ATLAS-CONF-2018-003 eX e rl m e n a C a e n eS
Hoss 2 MS vertices 139 | slifetime 0.31-72.4m m(s)= 35 GeV 2203.00587 ) tr I g g e r re q u I re m e n tS
o | Hoss 2 low-EMF trackless jets 139 | s lifetime 0.19-6.94 m m(s)= 35 GeV 2203.01009
S VH with H — ss — bbbb  2( + 2 displ. vertices 139 s lifetime 4-85 mm m(s)= 35 GeV 2107.06092 °
% 1B |mziezex cews s |vetens wsssssomm S decays far from
g FRVZH - 4y4 + X 2 u—jets 139 4 lifetime 2.7-534 mm m(yq)= 400 MeV 2206.12181 .
% H— Z3Zy displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057 p rl m ary Ve rtex
H—-ZZ, 2 e, i + low-EMF trackless jet36.1 Z, lifetime 0.21-5.2 m m(Zy)=10 GeV 1811.02542
. $(200 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.41-51.5m a x B=1pb, m(s)=50 GeV 1902.03094 ¢ U n U S U al S h Owe r
TE (600 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.04-21.5m o X B=1pb, m(s)=50 GeV 1902.03094 - -
@ d(1TeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o X B=1pb, m(s)= 150 GeV| 1902.03094 S h ap e S I n C aI O r I m ete r
W — N¢,N — ey displaced vtx (uu,ue, ee) + u 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988 ° - - - -
W — N¢,N — Lty displaced vtx (uu.ue, ee) + u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988 tl m I n g I n fO rm atl O n
* % W — N¢,N — tty displaced vtx (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
W — Nt,N — Lty displaced vix (uu,ue, ee) +e 139 N lifetime | T (l.:~l9l-51lm:nI m ] B . T(/:/)I:.Gfe.\l/, Majorlana ey 2204.11988 .
0,001 5o X 1 5 0 oz [l (two analyses shown at the end in
(13 - 7 -
e R extra material” slides)
*Only a selection of the available lifetime limits is shown. 0.001 0.01 0.1 1 10 100
7 [ns]
R. Tafirout 2 TRIUMF Exotic Searches at ATLAS, International Conference on Neutrinos and Dark Matter (NuDM 2024) EAX,I,!TﬁNST 6



Heavy Majorana Search (I)

Phys. Lett. B 856 (2024) 138865

* |n same-sign WW scattering ) )
* signature: same-sign ee or ey pair \‘\q/ \f/
* two jets with large invariant mass and large ¢ M
rapidity separation N Lo

* complements previous search in yy channel /'/Wg\—w //Z\_._H
EPJC 83 (2023) 824 . d )

* Phenomenological Type-lI Seesaw model

d

Channel Variable SR | W*W= CR WZ CR

* heavy Majorana neutrino couples to SM |A1;]§j| =, =
through mass mixing matrix Vy S e

* No tau flavour mixing considered for simplicity |m%%z| PGV -

* EFT where my generated with dim-5 Weinberg mee > 20 GeV
operator and effective Majorana masses |mee| and ° ﬁ svaer | ssemn | a0 aer
|Me,| pP | >25Gev | >30Gev | »25Gev

* Dominant SM backgrounds: p? > ;04§ev >:54§eV A5G

* electroweak same-sign WW, and WZ " |AI:£#| fi%ev i ioz%ev SRe

R. Tafirout 2 TRIUMF Exotic Searches at ATLAS, International Conference on Neutrinos and Dark Matter (NuDM 2024) ATLAS 7
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Heavy Majorana Search (i)

my> 1 TeV.

40

§100||\\\III\‘\I|||1|||||1||||I|I|III_ ‘550 ‘\III\\\||I\‘\1I||\\"III‘\\I|II\ %35L\|I\I|I\Il\lll\lll\ll"l\l‘I|I|II\
8 ATLAS # Data mww 4 g L ATLAS ¢ Data mwWaw o - ATLAS ¢ Data [JWZ
w L (s=13TeV, 1401 [IWZ W Non-prompt | w [ fs=13TeV,140 i @wz [l Non-prompt w " {5=13TeV,140 o P Other 7 Uncertainty
. . . . sl ge: tSFR‘t [C]Charge Flip [ll Other . L ger r\’;‘:\r CR [CICharge Flip [ll Other 30_—;& rVFZ_tCR
—Past-Fi ” : — 40| Post-Fi . i - Post-Fi
e Signal region optimized for [ Uneeraity | : :
] L - my=500GeV, [V, [°=02 - 25
- 2 -
Type-lI Seesaw model with by 0TV, V=10
i - Weinberg, A3 1=3Tev -

e Simultaneous fit in signal and
control regions (background-

20

-}

i » 0 o . of

only hypothesis) | g T 1 g o
F SR = 7)) 7 7 20
M L IR D

 Good agreement between 0840 60 80 100 120 140 160 180 200 05 30 60 80 10 50 1€ 05

100 120 140 160 180 200 740 B0 80 100 120 140 180 180 200

SM background prediction ey it 6eY] f GeV)

. . . 2 ENEATA AL | RERARE RS o R ® G i IO R IR T mais ek TN N - i e R e L S i B R
and data yields in the signal & .2, o0 mww G g@ocans | goemww S §amasoebm mwe
. e SR ’ [IWZ [l Non-prompt w oL, W'W* CR [lWZ B Non-prompt L1 Fis \Aﬁ TE:_:" 140 fo”! W Other 772 Uncertainty ]
reg Ion: Post it B arge e IBCther = Post-Fit [Charge Flip [ Other 3 160 I?'l:st Fltc =
. 7 Uncertainty 3 77z Uncertainty 5 F &
- My=500GeV, [VoyVil=0.2 t 3 140 e
Channel ee eﬂ — I’TIN=10TEV, ‘VEQ‘V;N‘=170 _; L _; 120;_ _;
= - Weinberg, A/C; =3TeV = = 100 =
Same-sign WW | 26.8+7.3 | 109+13 ] E g ]
3 1 80F 3
WZ 20.0+5.6 46+ 11 | ] 3 K E
Non-prompt 17.7+£2.8 | 38.4=5.0 T : E aol D P
Charge flip 25.8+7.4 | 548+0.82 PoPPSIPE STTOTI 3 _ -
Other 10.3£53 | 13.1+64 9 9 : 3
o 1.25 o 1.25 E =
Total SM 101 +8 22 1] F e 3 Y s .

8o7s 3 ]

Data 98 203 %4060 80 100 120 140 160 180 200 05 456080 100 120 140 160 180 200 54080 8o 100 120 140 160 180 200

P2 [GeV] p2[GeV] pl2 [GeV]
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Heavy Majorana Search (lll)

~ 1.0 T — 1.0 .
¢ U pper Ilm It bou ndS Obtal ned E AETEO?S'STEVJ 140 fb~? *:3.;21 M%T:_?B'STEV. 140 bt
pp = e*etj i‘ pp - e*

separately for each channel for
masses between 50 GeV and 25
TeV.

95% CL Limits 95% CL Limits

* Combined limit on |Vu|?

0.1r 0.1t
. 2 2 - o imi — served Limi
assuming |Ven|*=|Viun| ot s
. . . m Expected Limit £1o . Expected L!m_it +1lo
* More stringent limits than Expected Limit £20 | | Expected Limit =20
- - ' ' 0 107 10° 10°
previous result in yu channel w 1“"’ o gy v [GeV]
~ 1_0 - (\I_ 1:[[I1]11[[[[[II|I111IT[[l[l111]Tr[[[ll11]1111[flll_
(] | VeN|2:| VuN|2 relaxed for 2_D E ATLAS >z:. 09 E ‘,A_Tﬁgfv o Observed Limi, iy = 10 TeV! |
. . ol VS =13 TeV, 140 fb-! = 2 E s: b ?,’. ; ExpectedLi.mi_l, m =10TeV E
exclusion plot (bottom right plot) po =0, Vo = Vi el el 2 T e

* Constraints on effective
Majorana masses are obtained
using dim-5 Weinberg operator 0}
with 95% CL upper limits for the

Combination

O bSG rved (eXpeCted) : g:s::\t.r:g ll-_iinrzuii: |ﬂ.—id:eal channels (observed) _E

B Expected Limit 1o ey E

° 24 G eV (24 G eV) for | meel Expected Limit +2g — pu [EPIC 83 (2023) 824] - 3 l ]

L i ) wEETE A ETI AT FRRTE SRETE ST FEWTE N Tt i ARNEE AR

10° 10° 104 0 01 02 03 04 05 08 07 08 09 1

* 12 GeV (14 GeV) for |[me,| my [GeV] Vo
e
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Dark Scalar S — bb (1)

CERN-EP-2024-170

Dark Higgs model for DM particles (x) mass generation
and Yukawa interactions with new scalar (s)
Photon Dark Photon

* satisfies DM relic density when s lighterthany £ ceccmanaax

L . DR e, Dark Higes
* annihilation xx = SS can be dominant Model >

Neutrino Dark Neutrino

Searching for DM produced in association with a pair of
b-quarks

* signature: large missing E;+ resonant b-quark pair

* never probed previously for mpp < 150 GeV
Three phase space scenarios explored

* (mz,ms) plane covering 30-150 GeV in ms and mgz
up to 4 TeV, with my=200 GeV (avoid X - Ss decays)

* (mz,ms) plane with my=900 GeV to enable match
with relic density

* (mz,my) plane with ms=70 GeV (highest sensitivity)
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Dark Scalar s - bb (ll)

. > o T L T EE T T T > o TR B R TR TR S R R PR T3 > I R B L B I B I L B I
[ ) Domlnant SM baCkg round 3 ATLAS toata  [smvn 8 - ATLAS ¢Data  [sMvh ] @ 140 ATLAS $oaa  [Msmvn -
Q {s=13TeV, 140 fb" [l pibason | Wijets © 600 {s =13 TeV, 140 " Mlpiboson || Wsjets - © - (s=13Tev, 140" Wl piboson | Wijets 7
S O u rC e S - i) Resolved SR o Wi single top ® - Resolved SR Ca i single top 1 5 120[ Resolved SR o Wi single top =
" § 150 < E':m < 200 GeV Zsjets Uncertainty (EJ 500 200 < E':m < 350 GeV Zejets Uncertainty | g - 350 < E':m < 500 GeV Z+jets Uncertainty I
w Background-only Fit ... Erer-':i; Iaacxg(r::}nd w C Background-only Fit wesss. Pre-fit Background 1 & 100\— Background-only Fit ... Erer;:i:-l .“""';’{:.',‘,"“ o
P . ark Higgs C Dark Higgs s(bb) 7 E ark Higgs 7
Z + J etS En;géi%qu;\}o,mpm GeV 400 gn;gézo?::oq%;\'ﬂa,mpm Gev 80 :\,:éi?iuna;\}o,mx:zm Gev |
sasen mg = 130 GeV (<200) C sasen Mg = 130 GeV (x50) | = seens Mg = 130 GeV (x5) =
L DR Tl ey L mg = 50 GeV(=50) 300 T T myg = 50 GeV(x20) - N + + ----- mg = 50 GeV(x10) i
[ ] Ji =5 = ==
W + jets g E ]
- 200 - 405 i
[ ] tt rs: | E : i
[ & 4 [ 3
1001#. ®, = 20 ;_ \%
K 5 ® - & iz
¢ d b - ‘=...-T Rl PR | P 1779 e S A g 1 ] o vl
I OSO”S B 12;‘ AR RN R |++ 1 2 1of T L [ LB S LN B I R + 8 155_?' ' UESRIENLE N + '+' &t
o 5 _—. = — 1 = i -9F . 3
. . . . ~ 1 “.““..mﬁ”.t...“Q“‘*“*ﬁ** . %** *é = ¢“¢‘mw‘“"0““¢¢ ++#¢+ +++++ ++++++“ S Epeettes ety se® * e E—
* Signal region split into five L - NS B TR B T B DT A
o 50 100 150 200 250 o 50 100 150 200 250 = 50 100 150 200 250

missing Er regions to o [GeV] m (GeV) M [GoV]

in the highly boosted regime .

. = — T — T T T T = o —TTT —TTT T T T T
constrain background § ' amas foa Haw 1§ g ATiAS  tow Heww
. = g4 fs=13Tev, 140" Wpiboson | Wijets -~ = {s=13TeV, 1401 Wipiboson [ Wjets
effe Ct I Ve Iy ‘E Merged SR o [l single top % 35— Merged SR o Wisingle top
:% 12 E';”“ z 750 GeV Z+jets Uncertainty Lﬁ E 500 < E?m < 750 GeV Z+jets Uncertainty
Background-only Fit ~ ..... Pre-it Background 30 Background-only Fit ... Pre-fit Background
- - : 10 et 5 bl
* Merged jet topology (reclustering) used for b-jets B concov - B gt cov
s i g E B e A

* Simultaneous fit in signal and control regions
(background-only hypothesis)

+ BN SASRAnARAE F B 1187 DR e e

1 JJ|IIII[LII]‘\\IIIIIIIlIIIIlHHJJ\Illllk

[==]
IJI\IIIIII|\II|I!I‘III|I1I‘III|

1.5F

Data / Pred

* Data are in agreement with SM predictions . e % LA 0 AN A
with no significant evidence of a DM signal m (3] ylEu]
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Dark Scalar s - bb (lll)

. = B D E AR ST L VY, ] 5 SR, Dark Higgs model
* 95% CL exclusions 8 140 [CORATLAS 1 3 N N =~
. Hm B :: miss ] -_W. 4001 T ] el )
obtained for the three £ ook %E + bb, Scenario 1 ] = SOANTCSTRS VUSR] =gt
. = i-Limits at 95% CL f ATLAS . Emi o
scenarios el ] Vs = 13TeV, 140 1° o
100§ ] 300 Limits at 95% CL i 1::”_ i
N h i g ] — E:;H;:: mEP DT czoztam}
e New searc 80 (SR E - g
etk ] 200 a4 il
- g :t = Observed Limit B
Slgnlflcantly eXtendS 60 'E_ § = = = Expected Limit % - = Thermal Relic Density
- - - - Et -iicow E B -IL\
existing limits for E SRS o ] 100 N
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500 1000 1500 2000 2500 3000 3500 4000 200 7000 1500 2000
) : m,. [GeV]
[ Z medlator maSS 5‘220 L LI ""l""T"" 5‘1800-L--||---||-J-|||-|;-|||-n|-|---n||---||--
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160 |- Limits a1 95% CL. " C Limits at 95% CL £200
benchmark model 1200
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Dark matter search with W or Z (hadronic) ()

* DM associated with W or Z production

* Four models considered
* Axion-like particle (ALP)
* Invisible Higgs decay
* 2HDM with pseudo-scalar mediator

* Simplified DM model for WIMPs with Z’

(vector or axial-vector)
« Signature: W or Z and missing E

* W or Z hadronic decays

* Resolved or Merged jets topology (high

boost)
 Dominant SM background sources:
* Z-vww +jets; W -/[v + jets

* tt and dibosons

R. Tafrout 2 TRIUMF

CERN-EP-2024-128

q v 9 q q v
A
t 7!
* H V/A
Y ¢ S (’Jf X
N A S
N
N\

Y wo— -

7 - g X q
Merged | Resolved

Preselection

Data cleaning
Primary vertex with at least two tracks with pp > 500 MeV
No 7-leptons
PrT > 30GeV
min, (A¢(ERg®, ji)) > 20°

. . AG(EBR S prg) <90° )
Aqﬁ(EfR‘fiV) AQ(Eq®,J1) > 120° AG(ERS°, j1j2) > 120°
ETY > 250 GeV > 200 GeV
= 1J; <4j =>2j; <4j
Jets Pt > 200 GeV Pt > 45GeV
b-tagged track jet veto outside .J; ZIpJTZ > 120(150) GeV for 25 (> 3j)
V-tag High purity: mass and substructure A¢(j1,72) < 140%; AR(jy,jo) < 1.4
Low purity: mass and inverted substructure my; ;, € [65,105] GeV
| SR | CR2mu | CR2el | CRimuOb | CRimuib | SR | CR2mu | CR2el | CRimuOb | CRimuib
Trigger s s Electron s s s s Electron s s
e 0 0 2 0 0 0 0 2 0 0
I 0 2 0 1 1 0 2 0 1 1
S >8 - - - - >8 - - - -
my [GeV] - € [66,116] | € [66,116] - - - € [66,116] | € [66,116] - -
mE,, [GeV] - - € [30,100] | € [30,100] - - € [30,100] | € [30,100]
Myeg 0 21 - -
Ny - - 0 Z 1
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Dark matter search with W or Z (hadronic) (il)

. . . .. £ ['amLas ' : ; AR L o e S A N e e -~ [ g g
e Simultaneous likelihood fit in 6 [l-tatevuon L W3S oF ATLAS g 4 8 gool. ATLAS o ]
. © 1025 Incﬂlusive_mpdel—independent — Obsorvedimit 5 E (5o 13TeV, 140 o S5 Onserved imit (116" ] = | 5= 13Tev, 140 " -gl::crrxll‘m;; Y
both signal and control Lo n 1 OB mdoniko paricies S Soweiniso 3 8y oo medaor oo SRR, ]
reglons- Nno excess Observed 10 — Observed limit 0.7;—m,.=1MeV I Eipsiimi 25 —_ 600l &,=0255,=1,g=0 g e A
. = E F 95% CL limits L 95% CL limits
C ] 061 =
: e E i
* Both model independent and : :
1 e 1 1 I |
model dependent exclusion g %E s
. . . gA -+ Expected limit 1
IImItS Obtalned e 105— —— Observed limit —§
1s o 3 1
* 2HDM+a: USing benchmark 200300 400500600 700 800 e 1000 1500

: ET"™ threshold [GeV) m,. [GeV]
scenarios recommended ' fa[Tev] z
- |—|2000 S e [ R R [ R R I e LR 105'_ . : e — — T
= I ] 2 10T I - ——— T —————]
by LHC DM Worklng grOUp 8 [ ATLAS Sk y - ATLAS c 'a"; " ATLAS - tomim J
= VS =13 TeV, 140 fb” I — ifig= FoyE- X 5 800+ i it (107 Fe s —
L g =1, m,=10 GeV, sin#=0.35 | V=13 TeV, 140 1b = - sz Observed finmit (£10707 %54
Sﬂ mx =m ;rr . tang=1.0 104 E 5 EH L VE=13TeV, 140 [ Expected limit 16
H B Gt T E E L Vector mediator model [ Expected limit +25
15001 PR ] . iH=D1M1::w=1o $inB=0.35 ] [ Dirac:Esmion: DM i, ::E;EET}?::: g
i 1035_ ml =Jr‘1 =mt .=-10:00 GeV E 600_ g-f=0‘25"ﬂx= 1‘I"1=0 R
Signal Regions i E =400 GOV E L 5% CL limits 4
Sample SRMHP SRMLP SRR | af 95% CL limits
""" o 10° E r
Z(— ) +jets 12200500 541001200 180100 + 2500 1000 i : 1 400
W(— Ov) +jets  6320£330 25600+ 700 105500 £ 2000 : - -
Diboson 3700700 5800+1500 13 100 3000 R {1 10 - - -~ Expected Limit E I
1 1240 £130 2470+ 340 23600 + 1300 S22 Observed fmit (16" %) ] ¥ =i Observed fmit (™21 55
Other 380+ 50 490+ 60 3920+ 340 — " 1 B FpecailEs -
Expected limit £2 E T
Z(— €0) +jets 554 6 266+ 13 1480+ 40 e : B Specsd ciin 25 ]
Multijet 24+ 18 140% 100 1900 % 1400 gy cbennstoppelroes] GEALEERIANLE Yo irgionyolspe;
.
Total background 23870+ 160 88880+ 300 329500+ 800 100 200 300 400 500 600 O L d;go [Ge\s;?o i 53)]0
4 M., e
Data 23861 88 836 329588 m, [GeV] zy
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Dark Photon Search ()

JHEP 08 (2024) 153

* Model extension with extra U(1)q 8 z
H_
* massless yqg g %
* coupling through Higgs (SM or BSM) ”
_ ] A
e Three channels considered s | | 2
z* 4 " 4
* ggF, VBF and ZH ! %i 2200/ Hﬁi
* different event topology T VEF v oot
e Combination of VBF and ZH channels Trigger EF™ Lepton(s) Photon
. . Photons =1, Cy > 04 =1 >1
uses SM nggs assumptlon EY [GeV] € (15, max(110,0.733 x m)) > 25 > 150
_ _ EDS [GeV] > 150 > 60 > 200
* Combination of ggF and VBF under Jets 2or3.,m; ; >250GeV. |An; | >3 <2 <1
Hesw assumption (from 400 GeV to 3 nj, My, < 0.8, < 2,6 < 0.7
Leptons =0 (e, u) =2, SFOC =0(e, u, 7)
TeV) my € (76,116) GeV
. Disc. variabl . and m+ in SR and 4 CR BDT d1CR EMss
* Dominant SM backgrounds: il Mg AOE M ISR ) e an T
° ; . i Processes considered
Z (_)VV) y + JetS ' W (_) [\)) y+ Jets in the combination VBE, geF ZH gek VBE
Combination scenario SM, BSM SM BSM
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Dark Photon Search (ll)

2 e T e up 1 " H—>yy Observed 95% CL
g 1 ?Erffa‘s TeV, 139 b %i"e};’ @ W \ T |, o e
107 Post-fit, SR '5-9‘ gxflmal ? E(a"g 0.95 :— s VBF-ZH combination
* No excess observed, Good :
= 400 GeV  =*++ m, = 800 GeV 0.9:— i .
agreement between data e e : Hoo Observed 85% L
. . R ’ e 0 85:— PLB 842 (2023) 137963
and background prediction. - 8
C H—yy ATLAS measurement
_ k- e — 08F-- T By 0207
* New 95% CL upper limits e o
. ; : 0.75F ,
obtained from channel 10 e G . : " ATLAS A oy SWerediton
: . 2 12F ' ' 3 07F Pt Vs=13TeV, 139 b q BR(H,25->77) = 0.227%
com bl nations S i ey Dark Photon Minimal Model ] arXiv:1610.07922
E L L eas. ]
8 1?/ /////////%////// 0.65F my, =125 GeV, g = +1 ]
° 0 09F Z C ]
Br(H]'25ﬁ yyd) < 1.3 /0 082_ % ; —- 06- 1 1 1 1 1 1 1 1 1
200 250 300 350 400 - 450 0O 01 02 03 04 05 06 07 08 09 1
* Hgsm masses < 1.6 TeV Ere G .
excluded, assuming 5% ATLAS —— Observed limit (95% CL) — | | |
. . e Expected limit (95% CL) a E R R T Vo e e
branChlng ratIO fOr HBSM_) yyd Ve =13TeV, 139 fb™! [ Expected limit 10 =1 - ATLAS — g::m|li'$[{:::gfff
SM H=yyq 1 Expected limit +2g et VE=13TeV, 130 fb-! BN Expected limit 410 i
= BSM Hyya =1 Expected limit +20 ]
Obs. Exp. "é 10-1 - E= B(=0.05) x Gtheory -
.............................. b - -]
i X ™ —=— VBF channel ]
ZH channell- . 03 08 ﬁ : gs;i::l::;el 1
o
= 102
=
VBF channelf~ 18 17 f
_________ a8
=3
Combinedf~ 13 15 =i 10_3:— =
I I O E | NSO PO O A FOSY (NN I PO (OO NN B | N PO O RO (N RN LU fouy Lo | .
e el e 500 1000 1500 2000 2500 3000
95% CL upper limit on B{H-yyg) [%] 8 my [GeV]
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R. Tafirout

Dark Mesons Search ()

JHEP 09 (2024) 005

SM extension with new strongly-coupled gauge
theory with fermion representation which
transforms under the electroweak group

* QCD-like dark sector with couplings to SM

* models contain stable dark scalar baryon
which could account for observed DM

For this search: pseudoscalar triplet of dark pions
np, and triplet of dark rho vector mesons pp

e case where No=mmp/ Myp < 0.5
* pair production of mp

* gaugephobic decays: t and b at high mass, c
and T at low mass

Two channels: all hadronic and one lepton
* Dominant SM backgrounds: multijet and tt

& TRIUMF

)
s 10¢
@
'i-l\_:ﬂ =
—
o
[=Fal

c R B R S S ) M S S TR S C S R R S
o . : z =
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£ I
=
g 3
@ E
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Dark Mesons Search (Il)

— ~|r|||1||||||||3||||||11|||||l:1|||||[;1||||||rr E LIEE S E57, D] [ A2 L I o e I e L T2 Fo=r @ ol e W
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Conclusion & Future prospects

* Extensive program in ATLAS to search for BSM physics, only a small
subset was highlighted

* wide range of models

* different analysis strategies

* different final states and event topology
* using the full Run 2 dataset (2015-2018)

* no significant excess observed over background expectation

* Al ATLAS exotics searches with up to date information can be found
at:

* https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
* Please stay tuned...
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EXTRA
MATERIAL
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Long-lived Particles Search | (decay in calorimeter)

JHEP 11 (2024) 036

e \Wide class of models

. W 10§ LELELRLTL b L WL T T LELELLLL st A ';(;l_lrlll
covered: R :
= 4L
& -
° I x g
DM, SUSY, Axions Ak
 Search conducted in 210k S
2 E ZHS (m_m)
'[hl‘ee Channe|S E 103 — (125, 5) GeV, CTon=0.10m  ATLAS
5 F — (125, 16) GeV, €74, =0.30m  {5=13 TeV, 140 fb"
(=3 B -
- . o = {125, 35) GBV, CToan = 2.50m — Obsemwad
o Spec|a| LLP trigger S10E (125, 55) GeV, 07y, =3.50M .- Expocted
O =
. . 321 -5 PN R ETT| BRI AT RTTT] SRR N ATT] SN S SN A TTT] BN S AW ATTT] B W WA R TIT
Y ¢ L -3 -2 -1 3
ratio of calorimeter L
: . ct[m
H Selection | CalR+Z low-Ey CalR+Z high-E1
energles (EM VS Vector boson candidates | 1 Z, 0 W 1Z,0W
H AD) _ BDT score | BDTLWET score > 0.6 | BDTRERET score > 0.7
¥ log o (En/Epm) | > 0.8 = 0.8 = 10 .
FUBIE o | > 80 GeV > 70 GeV =3 ]
Lepton pr | > 70 GeV = 60 GeV = 1 A
fow-Ev _ . high-Ey _ X R
Selection | CalR+2J Region A BDTc, g,z score > 0.99 | BDTcp, 7 score > 0.985 © ]
Trigger | Satisfy CalRatio trigger 2 ARpyin = 0.9 2 ARy 2 1 S 1 3
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Signal jet candidate 57 | & (1.45,1.55) : | % . . O 4 — (250,50) GeV, 675, =1.60m  — Ovserved ]
o : Laplon = 40 GeV = 6l GeV 2 10 (250, 100) GeV., cr,.. = 3.40 m ER E
CalR+2) | 2 Agilepton, EZ=) | < 1.5 - = s E = ' s CTgen = 3. ==+ Ex 1
T 3 - Igh- i 1 @ B T
Regioni A 2 ARuin 2 0.71 — BDTALE . =0.975 | BDTZ = 0.985 | BDTEE 0 = 0.99 T L P R EOTY Y TP RN
NNC'.]]R-PEJ 2 ?6] _“EﬂHIHIII = L1 3 _E.-'Mﬂ_mu = 1.4 | E II:"'Hl'm_u = 1.1 | 10_2 10—1 1 10 102 103

ct [m]

R. Tafrout 2 TRIUMF Exotic Searches at ATLAS, International Conference on Neutrinos and Dark Matter (NuDM 2024) EAX,I,!TﬁNST 21



Long-lived Particles Search Il (decay in inner detector)
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