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Overview

« ATLAS analyses and anomalies| Anomaly

» Analyses and anomalies * Anomaly - any deviation from the expectation

 Any new physics 1s a deviation from the Standard

 SUSY analyses strategy
Model expectation, and represents an anomaly

* Other analyses

In this talk ...

* ATLAS analyses using Run2 data, with emphasis on SUSY and
other analyses and observed anomalies interesting for SUSY

 Anomalies by final state

* Di-lepton

* Multi-lepton * Final state oriented overview

* Jet/b-jet

Not 1n this talk ...

* Di-photon . L.
* Comprehensive SUSY analyses overview in ATLAS

* Long-lived particles . L
5 P * Sensitivity reach and exclusion limits

* Summary * Interpretations and statistical combinations
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ATLAS Analyses & Anomalies



ATLAS analyses

Wide range of analyses in ATLAS

 ATLAS SUSY/BSM physics searches are final state oriented
(comparison on sensitivity presented as model dependent)

» Higgs/top/SM/b-physics measurements are performed for
selections and compared to theory expectations

In this talk

* Focus on statistically significant excesses seen 1n SUSY/BSM searches
and tensions 1n the Higgs/top/SM/b-physics analyses in Run2 ATLAS

data

Searches

SUSY

Exotics

Model Agnostic

Measurements

Higgs

-physics
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data/theory

SUSY

March 2023 Vs =13TeV
Model Signature  fLa: (b Mass limit Reference
Oe,pu 2-6jets  ENS 139 1.85 m(k| )<4oo GeV 2010.14293
@ mono-jet  1-3jets Eg““ 139 | g [8x Degen] 0.9 m(g)-m(¥})=5 GeV 210210874
5 Oeu 26jets  EPY 139 |z 23 m(¥)=0GeV 2010.14293
< 4 Forbidden 1.15-1.95 m(¥1)=1000 GeV 2010.14293
3 Teu — 2-6jets 139 |2 22 m(¥})<600 GeV 2101.01629
o ee, 2jets  EMS 139 |z 2.2 m(¥})<700 GeV 2204.13072
B Oeu 7-11jets  EP™ 139 |2 1.97 m(F}) <600 GeV 2008.06032
g SSe,u 6 jets 139 4 1.15 m(g)-m(¥})=200 GeV 1909.08457
£ 0-1 e, 3p  EM™ 139 g 245 mw6)<500 Gev 2211.08028 p
SSe,u 6 jets 139 4 1.25 m(g)-m(¥,)=300 GeV 1909.08457 O
biby Oe.p 2h EPS 139 | By 1.255 m(¥})<400 GeV 2101.12527
4 by 0.68 10 GeV<Am(I-;\,'F,’)<20 GeV 2101.12527 M
©2s biby, by—bXs — bhi) Oepu 6b EZ“‘ 139 by Forbidden 0.23-1.35 Am(E. )m =130 GeV, mvm =100 GeV 1908.03122
s -% 27 2b EF®S 139 by 0.13-0.85 Am(¥5,¥9)=130 GeV, m(¥})=0 GeV 2103.08189
§.§ iy, ot 0-1e,u z ljet  Ep™ 139 i 1.25 m(¥)=1GeV 2004.14060, 2012.03799
<8 Ah, Wbty leu  3Bjets/tb EMS 139 |7 Forbidden ' 0.65 m(¥})=500 GeV 2012.03799
S5 A, h—Tiby, =16 127 2jets/tb EP™ 139 | & Forbidden 14 m(#)=800 GeV 2108.07665
= L ff, hodd) /e, ook Oeu 2c - Epv 361 |z 0.85  m@}=0Gev 1805.01649
T Oep mono-jet  EF™ 139 |7 0.55 m(f1.8)-m(¥1)=5GeV 2102.10874 )
iy, 1= 100, K97/ ht) 1-2e.p 1-4b  EMS 139 |7 0.067-1.18 mp?,) 500 GeV 2006.05880
by, o) +Z 3epu 15 EFS 139 |4 Forbidden 0.86 m(¥})=360 GeV, m(i;)-m(¥})= 40 GeV 2006.05880
XX viawz Multiple ¢/jets ) Epe 189 By 0.96 m(¥})=0, wino-bino 2106.01676, 2108.07586
e,y >1jet  EPS 139 |/ 0.205 m(¥)-m(¥)=5 GeV, wino-bino 1911.12606
XX viaww 2eu ERs 439 | 0.42 m{E)=0, wino-bino 1908.08215
YA via wh Multiple ¢/jets EPss 139 | ¥;/¥; Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
- G via é’, /v 2ep Ep 139 |0y 1.0 m(Z,7)=0.5(m(¥5)+m(¥}) 1908.08215
> § 77, ks 27 Epss 139 7 [FL R L N0:A60:3] 0.12-0.39 m(e})=0 1911.06660
WS 7plig, -0 2epu 0jets E%“:: 139 |7 0.7 m(@})=0 1908.08215
ee, i >1ljet EpP 139 7 0.256 m(&)-m(¥})=10 GeV 1911.12606
HH, A-hG|ZG Oepu >3b FE“* 36.1 i 0.13-0.23 0.29-0.88 BR”A - hG)=1 1806.04030
dep 0 jets EEM 139 | & 0.55 BR(Y) — ZG)=1 2103.11684
Oep 22 Iarge jets EP 139 | 1 0.45-0.93 BR(Y) — 2G)=1 2108.07586
2eu > 2iets Fm“* 139 i 077 RRIFY s 7AV-RRIVY s b0 & 2204.13072 s
£ . * o . .. L
o ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary
§§ s Otatus: May 2020 [L£dt=(32-139) b V5 =8,13TeV U)
54
o Mete miss _1 P
S8 e Model t,y Jetsi ET'™® [rdt[m~'] Limit Reference
1 I I
ADD Gkk + 8/q Oep 1-4] Yes 361 [Mp 7.7 TeV n=2 1711.03301 Z ’ ?
— | &€  ADDnon-resonant yy 2y - - 36.7 | Ms 86TeV  n=3HLZNLO 1707.04147
v 1.8 ADDQBH - 2j - 37.0 | Mu 89TeV n=6 1703.09127
X1 = ADD BH high ¥ pr >lepu >2j - 3.2 M 8.2 TeV n =6, Mp = 3TeV, rot BH 1606.02265
8.8 g ADD BH multijet - >3j - 3.6 My, 9.55TeV n=6, Mp =3TeV, rot BH 1512.02586
> M- 55 RS1Gkk o yy 2y - - 36.7 | Gk mass 4.1 TeV k[Mp =0.1 1707.04147
& i, i~ © Bulk RS Gyx —» WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mpg = 1.0 1808.02380
i, £ BulkRS Gy — WV - fvqq 1epu 2j/1J  Yes 139 | Gkk mass 2.0 TeV k/Mp =10 2004.14636
nt, wi Bulk RS gkk — tt leu >1b, >1J/2) Yes 36.1 8Kk mass 3.8 TeV r/m=15% 1804.10823
N 2UED/ RPP leu =2b>3) Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMY - tr) =1 1803.09678
Xi/X
! SSM Z" — (¢ 2epu - - 139 | Z" mass 5.1 TeV 1903.06248
SSM Z" - 71 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
» Leptophobic Z’ — bb - 2b - 36.1 Z' mass 2.1TeV 1805.09299
*Only a sele g Leptophobic Z’ — tt Oep 21b,>22J Yes 139 Z’ mass 4.1 TeV r/m=12% 2005.05138
phenomer @2 SSM W’ — ¢v lepu - Yes 139 W’ mass 6.0 TeV 1906.05609
simplified | -8 SSM W’ - 1v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
g’ HVT W’ - WZ — {vggmodel B 1e,u 2j/14J Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
% HVT V' - WV — gqqqq model B O e, u 2J - 139 V’ mass 3.8 TeV 8gv = 1906.08589
O HVT V' — WH/ZH model B multi-channel 36.1 V'’ mass 2.93 TeV gv =3 1712.06518
HVT W’ — WH model B Oeu >1b>2J 139 W’ mass 3.2Tev 8gv = CERN-EP-2020-073
LRSM Wg — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wk — uNg 2u 1J - 80 Wg mass 5.0 TeV m(Ng) =05TeV, g, = 1904.12679
—  Clgqqq - 2]j - 37.0 |A 21.8TeV 7, 1703.09127
(@) Cl ttqq 2epu - - 139 A 358TeV CERN-EP-2020-066
Cl tttt >leu 21b21] Yes 36.1 A 2.57 TeV |Catl = 4 1811.02305
Axial-vector mediator (Dirac DM) Oe,pu 1-4j Yes 36.1 Mmed 1.55 TeV 84=0.25, g,=1.0, m(x) = 1 GeV 1711.03301
g Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
v,
Scal
. .
s=  Standard Model Total Prod C S M
o & Standard Model Total Production Cross Section Measurements Ldt  orence
-1
= Scal wmmﬂmmﬂmmﬂmmﬂr\wﬁlﬂr L LA LR IR I [fb ]
Scal 6.07 + 0.18 + 0.91 mb (data -
——— PP 7= ComPETE HPH1R2 (th(eory)) A 50x108  PLB 761 (2016) 158
VLC o =9535+0.38+ S 8 Nudl Phys. B, 486-548 (2014
sg ViC SoEE i ) ATLAS Preliminary o §x10°0  Nuck Pys. B, 466.548 (2014
S o= +£0.2+6
35 VLC DYNNLO + CT14NNLO (t Leory) m] 0.081 PLB 759 (2016) 601
5 = 112.69 + 3.1 nb (dat:
i 2 xtg W 7= BRI RS o theory) \/‘ =7.813 TeV A 20.2  EPJC79(2019) 760
=98.71+0.028 + 2.191 nb (data -
VLG v DYNNLO + CT14NNLO (t eory)) 7= (o] 4.6 EPJC 77 (2017) 367
=58.43+0.03 + 1.66 nb (data)
- @ Exci 7 DYNNLO:CT14 NNLO((theo)ry) [m] 3.2 JHEP 02 (2017) 117
i =34.24+0.03 £ 0.92 nb
% -g Ezg: V4 7= AN SR AR ) A 202  JHEPO02 (2017) 117
=29.53+0.03 + 0.77 nb (dal
& @ Exci 7~ DYNNLO:CT14 NNLO((thegry) o 4.6 JHEP 02 (2017) 117
o= : =826.4+ 3.6 + 19.6 pb (data)
Exci T top++ NNLO+NNL memy O 36.1 EPJC 80 (2020) 528
—— - =2429+17+86
Type tt 7= 2820 KNG AREE (fa) ) A 20.2 EPJC 74 (2014) 3109
LRS =182.9+ 3.1+ 6.4 pb (data)
o Higc 7 loper RNLGNNED }theory o 4.6 EPJC 74 (2014) 3109
g Hige o= Zﬁza&mglg&sg?ta) o 3.2 JHEP 04 (2017) 086
Mult =89.6+ 1.7+ 7.2~ 6.4 pb (data)
Mag ti—chan | 7~ Nibinil (Iheor )P (caia) A 20.3 EPJC 77 (2017) 531
o= 6,§L*C)E,§L8L‘ﬁ’h(e%"i§,)) [o) 46 PRD 90, 112006 (2014)
o =94+ 10 + 28 — 23 pb (data)
NLO+NNLL (theo p) o 3.2 JHEP 01 (2018) 63
o =23+13+3.4-3.7pb(data
“Onlya s Wt NLOMRLL Cheory) P (%81 A 20.3  JHEPO01,064 (2016)
=16.8+ 2.9 + 3.9 pb (data)
+Small-re 7= NLOSNLL (iheoh )( ) (o] 2.0 PLB 716, 142-159 (2012)
=555+32424-22pb (dat
v LHCiHXS\yLVG YR4 (theporit)a 3 (m] 139 ATLAS-CONF-2022-002
=277+3+ 1.9 pb (data)
H 7= The HXSWG VR otz A 20.3  EPJC76(2016)6
=221+ -5.3+43.3-2.7 pb (data;
7= Pehdwd vra {iheory) " (data) a Theory 45 EPJC 76 (2016) 6
= 130.04 + 1.7 + 10.6 pb (data)
7 RINLO (iheory) Pb (datz) m] 36.1 EPJC 79 (2019) 884
o =68.2+1.2+4.6pb (data) PLB 763, 114 (2016
ww NNLO (theory) A 20.3 (2016)
07519x2x44 b (data) — Phys. Rev. D 87 (2013) 112001
NNLO (ineory SJ s o LHC pp Vs =13 TeV 4.6 arXiv:1408.5243
ata)
7= aThix (NNLO) B ) m} _ Data 36.1 EPJC 79 (2019) 535
=243+06 a
WZ 7 MATFlIX NNLof lheory; A stat 20.3 PRD 93, 092004 (2016)
lata)
7= MATRIX (NNLO) (Iher(ny) ) (o] stat® syst 4.6 EPJC 72 (2012) 2173
o =17.3+0.6+0.8 pb (data)
Matrix (NNLO) & Sherpa (NLO) (theory) u LHC \/— - 8 TEV 36.1 PRD 97 (2018) 032005
77 ¢ =73+04+0.4-03pb (data) A pPp = 203 JHEP 01, 099 (2017
NNLO (theory) D . 1099 (2017)
=6.7+0.7+ 0.5~ 0.4 pb (data JHEP 03, 128 (2013}
7= GRS by~ 4o (et [e) - tatta 4.6 BR8P
=4.8+08+1.6-13pb (datal Sia
ts_chan | 7~ NiSKKE (theory)” " (cata) N 20.3 LB 756, 228-246 (2016)
— 870 + 130 + 140 fb (data)
W T et R neory) u] 364 prD 59, 072008 (2015)
7= 3&%5\48&939)144 fo (data) 4 LHC pp \/g =7 TeV 20.3 JHEP 11, 172 (2015)
o =990 + 50 80 fb (dat
t{Z 7= Madgraphs + a datal (theory) o Data 139 Eur. Phys. J. C 81 (2021) 737
=176 + 52 - 48 + 24 fb (data) _
HELAC NLO (theory) (data) n stat 20.3 JHEP 11, 172 (2015)
=0.82:£0.01 + 0.08 pb (dat )
WWW| 7= Ka'aed ihoam” o stat @ syst 139 arXivi2201.13045
=0.55+0.14 + 0. Y15 - 0.13 pb (data
WWZ 3 zszlheTa 25?b2 ((hemy) pb (data) o 79.8 PLB 798 (2019) 134913
o= + 4+
tttt 5'ach s B theory) o 139 JHEP 11 (2021) 118
T PR

Status: February 2022
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https://atlaspo.cern.ch/public/summary_plots/

SUSY analyses strategy 1n ATLAS

NLO + NLL, pp, Vs =13 TeV

ORI RS m— _xg._(_h!gg.sm_q_!!_@) ___________________________ Naturalness a useful (bllt not requlred)
2 %1032_ .............................. ...................... ?.‘...?.‘.é,..(YY'T_‘_‘?_???‘_‘_’i)_ _____ _____________________________ criterion on motivation for a glven SUSY model
G %102%? ...................... .............................. ..................... 0 e A mQZ o R » Minimization condition for
2 S yoL- 5 5 — ‘ ,Ul - m ' :
S = 9 H Higgs scalar potential
O . : : :
g) 10_15_ * Contributions must be tuned to achieve EWSB at the observed
LG energy level, favor low fine tuning.
A 102k 2 ( 2 ) 2
o Mg — m[—])bafre =+ m g
= | 5 | . A
oSl o WL 2 a2 A
° >0 1999 15OOSUSY par%i(c):loeomass [Ge2\/5]OO 5TSnH yt}:nt}_[‘ 1O\g]( T@V) 5m%{ _yt |M 3 ‘2 lOg (Te\/')
» Stops 1n the TeV range :
SUSY Analyses grouped around . Maximal mixing ° élght ﬁ;‘lﬁﬂ(ﬁ ﬁfe“{ TeV)
production cross-sections (RPC): Search for light stop earch for fight gluino
* Strong production
e Third generation | M|2 * Address naturalness independently of the Higgs boson mass
e Electroweak p) Search for low higgsino parameter
Studleglv addition: stadd * Final state oriented, driven by cross-section and event topology

, * Searches motivated to extend sensitivity for SUSY models
* Long Lived

* Excess seen as deviation from the SM expectation

SUSY & BSM Searches in ATLAS - Analyses & Anomalies | Judita Mamuzi¢ | SUSY 2023 - Southampton, UK | 17t July 2023 ¥FAE? &) m) 5


https://twiki.cern.ch/twiki/bin/view/AtlasProtected/SUSYSignalCrossSections#13_TeV_Plot

Other analyses in ATLAS

Heavy resonances MET + X Searches for new

physics 1n measurements:
» Higes

* SM
* B-physics

* Final state oriented, driven by
physics motivation and event
topology

* Analyses motivated to target

Exotics

No. events

Long Laved particles - MET more final states and improve
peices / % * Wide range of models and analysis precision |
sccinced . ‘ final states, high diversity * Anomaly seen as a tensmn. |
ey 00 eswe| Of analyses techniques compared to SM theory prediction
L . 3% |+ Searches motivated to Anything else:
"9 extend sensitivity for Exotics

 Anomalies may appear 1n

displaced vertex . .
n associaton wit models o combined performance, trigger and
ekl disappearing ¢ Anomaly Seell as deV].at].On

, validation regions of analyses
trom the SM expectation * Not covered in this talk

tracks

Higgs-mediated
dark sector

SUSY & BSM Searches in ATLAS - Analyses & Anomalies | Judita Mamuzié¢ | SUSY 2023 - Southampton, UK | 17t July 2023 fFAEY &) @m) 6



Di-lepton final states



SUSY: 210S/3]1 Wino/ hlggsmo X )’ﬁ

* Target:

* Motivated by extending sensitivity to the wino/

higgsino production of 7, 77 with decays into

WZ(*) and Wh

Final state:

« 2[0S + jet + E;”’?iss (compressed)
ATLAS SUSY-2018-16, PRD (2020)

* 3] + EM* ATLAS SUSY-2019-09, EPJC

i

SUSY

50

10 |-

Am(Xg, X7) [GeV]

T | T T T T | T T T T J
== Expected limit (£10ep) ]

“
“
s =

Observed limit (+10tneory )

LEP X excluded

ATLAS 13 TeV 36 fb~ ' excluded |
ATLAS 8 TeV excluded

ATLAS ]
J/S=13TeV, 139" 1

ee/up, my shape fit
All limits at 95% CL
pp — X3x1 (Wino)

o = 20Xy — Wi -
m(x3) x m(x9) >0 ]

1

L
00

N S R A SR NS S S NN S ST S N S S
150 200 250 300 350 400

(2021) w5
. m(xz) = m(x7y) [GeV]
* Background:
» Fake leptons from W+jets nggsmo oy WINO
. T ox . —WZ % % higgsino m(z )=(m(x o) + m(x )/2 = 160r
¢ Stratng° %I o0 -~ T S, 140__ \/éz;lgfl"es\/ 139 fb!
. . . Q) B Ry ~ Al limits at 95% CL
¢ Mlﬂtl—bll’l flt, cut and count — 50 E 1oL - - Expected Limit (+1 ,,)
. . . e . z?fN E ATLAS E — Observed Limit (+16,,,,)
* Highest significance: a0k [eiarovssin | fo0f | ATASOTEV ek
. . N L L - Expected Limit (£ 16,,,) 80‘_
e 21 ~20 for wino WZ Am = 20 GeV s — ObsenedLimi (-, )| |
. . B Obs. Limit compressed 601~
* 3[: ~20 for wino Wh DFOS 20|~ CEP ocued ok
» 2] + 3[: <20 for higgsino Am = 25 GeV 10 b 2 _
® :N ] ] i __n_-u---:_n_n__u—u—u———u—u—uuuu|||I|||I||.I...I||. j'l"'i' ":‘Z"‘I"'l'"\1""| _—
CMS: ~2¢ for higgsino Am 20 GeV CMS Q00 120 140 160 180 200 220 240 260 280 5 160 180 200 220 240 260 280_ 300520
SUS-18-004, JHEP (2022) M(E,) [GeV /) eV
SUSY & BSM Searches in ATLAS - Analyses & Anomalies | Judita Mamuzié¢ | SUSY 2023 - Southampton, UK | 17t July 2023 fFAEY £  @m) 8


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-18-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-18-004/index.html

Exotics: bsiTl~ Contact interaction

ATLAS EXOT-2018-16, PRL (2021) .

o T ar get° v/ Z* .. Region CR top CRs-Z ;VRS ESRS
. L . W oW My [GeV]| >130  130-250 250-400 >400 + n 100
* Motivated by wviolation of LFU in B- _ N e
v Ve . B+{b ~— 1 S}K+ Npjer | 2 0/1
meson decays. Using 4-fermion contact u - u
interaction between 2q and 21 as £- T O ae T T
. S A N : 2*2‘: """ -
benchmark, characterized by energy i—i% o+ g TRy e
—_ — 3 o ° MO+ .
] ~ < S = T PR S E
scale A and coupling g. B+{3 N u}K* s 2 Lt
* BSM 1nteraction present between g ;5_; ...... el oL
b-quark and s-quark with two same- b . 8 b P ERAEAR PA — :
ﬂavor Opposite_sigrl 1eptons A2 gz £+ _2:_'v ............. M v' .................... _g
* Final state: bsete™ or bsutu~ n £ R0 ot e 2000”00 oo
. _ ~ _ §'104"'I"'I'"I"'I"'I"'I"'I"'
¢ BaCkgT Ound° - § & 8 § o . ?_TLAS . — Observed
. . . —_ % 10" ' ' ' o Y ' © 10 s=13TeV, 139 fb™ ..., Expected
« Zt+jets, di-leptonic 77 , data norm. & amas o i f misatoswe o
. — 10° e*e’'+1b category, CR-only fit [ Top e*e’'+1b category +26
° : Z . . "
Strateg‘y o 1%: Signal Regions E g"t‘::telrzt Strongest expected
o . »
* CR-top and CR-Z orthogonal to SR & © : 7, Bkg. Un
. TR e, L signal, Alg, = 1 TeV
by my; and b-jet multiplicity ] ™ PR .

107"

» Highest significance: o

10 ? \/g, g
_ R g 1 ° = el m oy 1 sl A I I /}V//) ‘%/M _2 i
e ¢te”™ + 1b channel with 2.60 local = mé i 0 1, L
8 5310 10° 210°  3x1 400 600 800 1000 1200 1400 1600 1800 2000
( 1.50 global) Mee [GEV] min [GeV]

SUSY & BSM Searches in ATLAS - Analyses & Anomalies | Judita Mamuzié¢ | SUSY 2023 - Southampton, UK | 17t July 2023 fFAEY &) @m) 9


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-16/

HDBS: bbuu Higges to pseudoscalars

ATLAS HDBS-2021-03, PRD (2022)
* Target:
» Search for Higgs boson decay into a pair of
pseudo scalars, H — aa — bbuu

9 T
\ H* [ h*
g m/

 Narrow di-muon resonance m,, € [16,62] R :
HU T2 [GeV] g e ]
GeV t L sy e i
g 10 §
* F'inal state: 2 e At _E
° bb//t +//t_ 60 102 ATLAS =
. - {s=13TeV, 139 fb .
* Background: or (SRincll DY | vR1 s :
e ZHjets and tf, orthogonality obtained in 0 0 E
MLs.s KL 80 110 140 170 300 " L | C C 1 ol
ET and mbb /’t //t mgll;,uu [GeV] % 30 40 > mG?GeV]
o X e LI I e e N N  LALI NLI S
Strategy _ § SOE ATLAS ° Bs{ta %@M total —
° ) ) ° —_ H t tt _—
* Use high branching ratio of b and high g “E” s=13TeV, 139 ft" = Othor H + ) =
mass-resolution of pu o E W, | =
* BDT used to separate signal from SM = ' E
background :
» Highest significance: 2
o FOI‘ mﬂﬂ — 5 2 Gev 8 . 30 local ( 1 . 70 glObal) \;’_Q 1617 18 1920 212223 24 2526 27 2829 30 31 32 3334 35 36 37 38 3940 4142 43 44 45 46 47 48 49 50 51 52 53 54 5;553;\5(;895”%:?[?;666]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-03/

Higgs: er, ur LV Higgs decays

ATLAS HIGG-2019-11 (2023)
* Target:
* Search for LFV decays of Higgs into er and ur

* Final state: er, ur
* Background:

* Fake lepton and tau: Data driven estimates in

lep-lep and lep-had channels
* Other smaller: From MC

» Strategy:

* Two 1independent searches with er, ur

* Consider leptonic and hadronic tau decays
* Multi-class NN classification for signal to
background separation

» Highest significance:
« 1POI fit: 2.20 for B(H — e7), 1.90 B(H — ur) o

B(H —-urt)in %

« 2POI fit: 1.606 for B(H — et), 2.56 B(H — ut)*%,

* Global compatibility with SM at 2.1¢

ATLAS

Vs =13 TeV, 138 fb'
1 POI

— Observed
----- Expected= 1o
Expected+ 20

et, VBF : ~ +0.22 4
O.:O (exp) | : B(H — et) =-0.09 -0.25 %
0.36 (obs)
0.2 (exp) i | B(H—et)=0.07""%
0.31 (obs)
-VBF ~
o i | B(H—er)=0.25"" %
19 (exp -0.09
0.41 éobs;
OThag NON-VBF i B(H — ex) = 0.03"*12 o
034189 =
H S .| """"""""""""" B(H—er) = 0199% 0
_______ 8 é Z geépg . B 0.08
.34 (obs
€Thag : e +0.09
0.18 }exp; - | B(H = er) = 0.05 5 *
0.21 (obs
et P +0.06
1 B(H— et) =0.13 %
0.12 ' | -0.
023§g)t()rs); 1 1 | I | I | | 11 | | 11 | | ] ] | [ I(106I [
0 0.2 04 06 0.8 1 1.2 14 1.6
95% CL upper limit on B(H — et) in %
03 [T rrr[rrrryrrr [ rrrrrr 11T [T rrr [ 1111
L ATLAS |:|95/ CL ATLAS — Observed
0.25 - -1 Mes%cL 1 (s=13Tev, 138" ™% Expected 1o
- Vs=13TeV, 138fb ¥ Best it 5 PO Expected+ 20
x SM et +ut VBF - +0.24
0.2 8'%3 o) . B(H —ur) =0.20"7% %
. 0oDns
— T ETpgtut, . VBF i - _ +0.10 4
0.15 8'533 }ebp;h d ' | B(H — yr) = 0.07"7" %
. (0}
B ] et +ut , non- -VBF 5 ~ +0.09 o
0.1 82%36@; | B(H — ) = 0.11°% %
3 ] ev gtut_, non-VBF ; 0.06
0.05 : 8'25}%2{ ad 1 B(H — ) = 0.110% o
| ] e‘Ct+MTe ----------------------------------------------------------- g
oizied a BiH ) 0163
] .29 (obs
|||||||||||| Lo v b v by vy v by oy by oy ehd+MThd : 0.05
B(H — ut) = 0.09 7z
1 0. 05 005 01 0.15 02 025 0.3 35y | __________________________________________________ 005
B(H— in ©° et+ut H e +0.05
( er)in % AN : | B(H —ut) = 0.1170% o
0_18Eobs; 111 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | ] 1
0 0.2 04 06 0.8 1 12 14 1.6

* Seen also by CMS CMS-HIG-20-009, PRD (2021)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-11/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-009/index.html

Multi-lepton final states



HDBS: 3/ Resonant WZ

ATLAS HDBS-2018-19 (2022)

I T I I l [ I | I I I I I I T ' T
. ATLAS

» Target: 2 lem13To, 19" 4 ou :
 Search for resonant WZ production : | verss ;v?:fvi

with multi-leptons 20?/ -

» Final state: sofl e

....... VT VBF W 500 6oV x4 -

* 3/

* Background:

» WZ, 77 Normalization using CRs
* Fake/non-prompt: Using data-driven techniques

e Other SM: From MC : __

* Strategy: ' o
* SRs target different production modes: Drell-Yan (cut based), g [T
VBF (ANN) % 10’ g_\fé = 13 TeV, 139 fo” — — . 95% O pper i 3
» Simultaneous CR and SR fit for my,, (separate DY and VBF fit) ol =

» Highest significance:
* SR VBF: my,, ~375 GeV 2.8¢ for H-, 2.506 for HVT W’ signal
* Previous ATLAS: at 8 TeV my,, ~375 GeV 1.7506 ATLAS
KEXO0T-2013-07, PLB (2014) T TTIITITI TTIo:

* CMS: my,, ~800 GeV CMS EXO-12-025, PLLB (2015) m,, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-07/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-12-025/index.html

HDBS: multi-/ gZHDM

ATLAS HDBS-2022-36 (2022)

* Target:

 Heavy Higgs boson general search ™

in g2HDM model with multiple-lepton Wlth b—Jets final states

 Final state:
e 2[SS, 3] and 4l

* Background:

e t1tW/Z, VV,k internal conversion, HF: using normalization

to data 1n dedicated CRs
* Charge-flip: Using data-driven techniques
 Other SM: from MC

» Strategy:

 SR/CR orthogonality obtained using lepton and

b-jet multiplicity

 SRs (17) categorization for lepton multiplicity,
lepton charge and DNN signal to signal separation
* Use DNN for signal to background separation

» Highest significance:
* For my; = 1000 GeV 2.810

Data / Pred.

ATLAS Prelimina ry
Vs=13TeV, 139 fb [l signal ttt [ Signal tttq [l Signal titt
[ g2HDM [ Four top Ctw Ot
10* = Post-Fit Btz [Otty*(low mass) [l Diboson
- [OHFu EHFel [ Mat Conv
Wl Fakes [Jamisid [CJother
7, Uncertainty - - Pre-Fit Bkgd.

H Ith
acceptc veto conversion no conversion
andidate \ ctrons didate elect 1 nt
28SS
HF non-pr.omp')t 2 CRs SRs [22, =1bj]
[22], 1bj] [TT or TM]
28tt(e) 28tt(e) split: [++/- -] x [DNNCAT]
MQXT MEXMEX
PT sublead
22tt(p)
Me:Mox 4t
pT tsublead pT esublead SRS [22JI =1 bJ]
(4L]
38 3¢
Conversions CRs VV/ttZ CRs [LMM] SRs [>2], 21bj] =0Zcand.
[LMM] [Obj] [2-3j, 21bj] [24], =21bj] [LTMorLMM] DNNSB
split: [++/- -] x [DNNCAT]
32IntC SR
Nevents

| | ! | I | E

T T T T
¢ Data [C]signal sstt [ Signal ttq

||||||||

Pit/ 2Pt =1
ATLAS Preliminary
my = 1000 GeV

260 290 8. 3 _ 3_ &, &, 3, 4 z :
S, Ss ~< S ~Cgo "~ * 4 -
*Cq T”:q" Cq r”:»qr,,, 47‘1”q 047,”’ C4T, e p tu / p t, 1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-039/

ATALS STDM- 2019 09, PRL (2022)
* Target: !

Z/y*

* Measure WWW production cross-section

 Final state: 2ISS, 3/
* Background:

« WZ+jets: Normalization in a simultaneous fit
to SRs and CRs

* Fake/non-prompt: Fake Factor method

* Charge-flip: Data driven

e Other SM: Taken from MC

» Strategy:
* SRs: e*e™, uTu*, e u*,3l
 BDT for signal from background separation

=)

exp

21.3] Cross-section measurements

= 820 = 100 £ 80 fb
=511x18 fb
@NLO QCD and LO EW

e Data .
CJIWWW(u=1.61) —
4 -
] Non-prompt
[ ¥ conv. I
[ Charge-flip
25 B Other —

ATLAS

35 {5 = 13 TeV, 139 fb"
SR 3

30 Post-Fit

Events

2~~~ Uncertainty
----- Pre-Fit Bkgd.

........

1.4

L L L L]
—y
e
1.2 -
1 ,‘94.- .‘ ,.?f::,d" ~-;~041 -\-Au-.~ .‘/ ------------------------------- -vi
0.8 -
-
0.6 -

0 01 02 03 04 05 06 07 08 09 1
BDT output

Data / Pred.

* uyww obtained from simultaneous fit in BDT 1; iti p(WWW) | Significance observed (expected)
score distributions of SRs and WZ CRs :i;i i'ii 8'28 ji E;g; Z
* Highest significance: it 2.23 + 0.46 5.6 (2.7) o
. o 20 1.75 £ 0.30 6.6 (4.0) o
Observed cross-section 2.6.0 away from SM. y 39 4 037 48 (3.8) o
* Backgorund-only hypothesis rejected at 8.00 observed Combined | 1.61 + 0.25 8.0 (5.4) o
(5.40 expected). Excess mainly in u*u™ channel.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-09/

Top: 215S5/3] Top precision measurements

ATLAS TOPQ-2021-08, EPJC (2023)

To) SRR AR RN LR AR AR RARRN RARE [T TS
® Tar e‘t: * " t " ' % 104;— ?ET:':\gTev, 140 fo™ 53\7&8 Dt;Z- —
g < £ 2 - i % - SR I ttH JQmisID -
. . . - o Lo [0) - Post-Fit [JMat. Conv. [ JHF e
* Search for production of 4¢ in multi-leptons final g S <t & 10F miovn EHEL
State Jm* < BzeTeTeTeTeTel0) < r 102_ 7~ Uncertainty .- Pre-Fit _:
* Final state: 2i5S/3I NF _ 1 974025 ol
. ttW+(4jer) — —0.22
* Background: NF y-aion = 1111031
» 1tW- Data driven background estimate using /N, . =22 41‘2.2 fb S et |
distribution _ | 2t N I~ ;
. Opxp = 12.0 £ 2.4fb L TN ) + 44 4»,)%;;;;//
* Fake/non-prompt: Template method S -
. . 01 02 03 04 05 0.6 0.7 0.8 0.9 1
° Charge—ﬂ1p3 Data driven L P e L N R GNN score
- - Da ttw N
e Other SM: Taken from MC Z 160F (5=13TeV, 140 b ;tftfta E(t)thers .
[ CRs+SR 77 Uncertainty 1 — I
o 140 post-Fit = ql'g
» Strategy: : - o iont ]
Obs: Exp: —

w68% CL ---68% CL
w95% CL ---95% CL

* One SR for 2[SS + 3/, GNN to separate signal
from background

» Simultaneous fit in SR and CRs
* Highest significance:
* Measured cross-section 1s 1.80 away from SM

Background-only hypothesis rejected at 6.10

observed (4.3 expected)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-08/

Jet/b-jet final states



HDBS: ggbb Y — Xh Anomaly detection

ATLAS HDBS-2019-23 (2023) X ATLAS

Vs =13 TeV, 139 fb~!

* Target:

* Search for new resonances ~
decaying to Higgs boson and H - 4000

a generic new particle X
Y - Xh — qqbb

* Final state: ggbb
* Background:

6000

}.<
ol
my [GeV]

5000

3000

b 2000

X/H Candidate Large-R Jet Selection

* Multi-jet, data driven minm;, 0.0 max(Dy, (J;,),))
analysis
. X-Tagging H-Tagging & Background Estimation
» Strategy: P
* Bump-hunt using the .--------- ., Dy, 4 : |
. I A | I=======- >
Large-R jet and NN e
anomaly detection S . Lsgt L SR s
. : Two-prong (merged)‘- --------- >
algorithm e K SO L. 0| -
° J o o Ne . e i
Highest significance: ..=---------, X
. At mY R 3 . 7 Tev ---------- ' ~ i 50 75 1515 200

3.80 local (1.50 global)

SUSY & BSM Searches in ATLAS - Analyses & Anomalies | Judita Mamuzi¢ | SUSY 2023 - Southampton, UK | 17th July 2023 @

HLRS
Bl
a

Anomaly SR

107
o™
mx [GeV]
‘(3107Il|Illllllll'llllllllllIllllllllIIIIIIII
I%’ ATLAS Preliminary —— Data
10° & Fit Range: 1.3 -4.9 TeV _
Anomaly SR — BumpHunter interval
m, in (75.5, 95.5) GeV =
" p-value = 9.10E-03 =
10° -

= :
— )
10 ’J_\f
10_E| |
Q 5_%|HH|HH|HH|HH|II i|HH|HH|Hi_
C B 4
W] C i
2 Of :
< "r'h.—-.-—’i'-ﬂ— :
.(7)—5ﬂ__llllll|l[lllllllllllllll llllllllllllllld
156 2 25 3 35 4 45 5
my [TeV]
FASY &) m) 18
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-23

HDBS: bbbb + 01/11/21 BSM Vhh

EPJC (2023)

ATLAS HDBS-2019-31,

* Target:

* Search for H boson pair production
with W or Z (leptonic decays)
* Resonant and non-resonant hh prod

Final state: bbbb + 01/11/21

Background:
* 1t and V+jets
Strategy:

* Using parametrized NN for optimal
discriminant across all signal masses

Highest significance:

* ZH: At my = 550 GeV 2.70 local

(1.40 global)

* AZH Large-width: my,m, = 320,420

GeV 3.80 local (3.00 global)

* AZH Narrow-width: my,m, =
300,800 GeV 3.60 local (1.40 global)

Non-resonant
h

—
-ATLAS
- Vs =13 TeV
139 fb

_ LW A boson

m,, [GeV]

Resonant

o .
N \©)
o

I
—
o

Observed/Expected 95% CL limit

! | L L 1
600 800
m, [GeV]

1 1 1 | L 11
i
o S —
&

T
-ATLAS
~Vs =13 TeV
139 b

. NW A boson
360~

380

m, [GeV]

340
320
300+

280

260

% .’"

(e
N N
o

Observed/Expected 95% CL limit

—h
o

—

0.5

m, [GeV]

2] — ‘v ' 1 ‘'t ' T ' 1T v ' T T
5 10° ATLAS e Data th %
F Vs=13TeV, 139 b’ Wt + | -n+>1b =
107 Vin like in SM - oy fi+>1c V+=1c =
SR Post-Fit V +>13b V +j —
S+B Hypothesis o B Other  Uncertainty §
nalas =
_— —
1L- oL
— =
S [ B-only Hypothesis
g oF
:
n 0_
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(Vs =13 TeV, 139 fb” - Expectec ]

_ZH—Zhh " Expected t16
Expected +2c¢

10

IIIIIIII |IIII|IIIIIIIII|IIII L1 1 I
300 400 500 600 700 800 900 100

m, [GeV]

95% CL limit on 6(ZH)xB(H—shh—bbbb) [fb]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-31/

HDBS: ¢cbb BSM top and bb + tt/yy/bb Resonant hh

ATLAS HDBS-2019-24 (2023) -  ATLAS-CONF-2021-052 (2021 ) o o
v e e >
* Search for t > H™b — c¢bb in tt » Search for resonant hh peak s u

* Final state: cbb q o Final state: bbtr, bbyy, bbbb
* Strategy: i« Strategy:
» Using parametrized NN for optimal discriminant * Using parameterized NN for optimal
across all signal masses discriminant across all signal masses
» Highest significance: * Highest significance:
e At my, = 130 GeV 3.00 local (1.6 o global) * At my = 1.1 TeV 3.206 local (2 lo global)
R TS Pratminany | L gotaeg - T SpApA NRPE
5 [jgmeTevimn’ o Cosced :
c B — Cb searc Expected 12 ¢ ) DO_
b - e X=1Y=1 2= 810 .
£ 0.8 o ijoY;loz.T52=5 B . :
(\i 10_25- E
10°F - ) RN
= ATLAS Preliminary o bbrtte
- Vs =13TeV, 126 - 139 fb~1 _ .
10'E Spin-0 —— bbyy -
N ~ f —e— (Combined
807080 60 100 110 120 130" 140 150 160 200300 500 4000 2000 3000
m,.. [GeV] my [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-24
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/

Di-photon final states



nggs yy n X — vy

1
ey a1 G > 150 Gev ATLAS HIGG-2019-23 ( 2022) CMS HIG-20-002 (2023)
e Target: 0 1T . o S lelmney 1322 1o (13 TeV)

. C—E gy N EOG § s - :
* Search for X — yy decays motivated R 1R e S PSS T S v o & sl v -------------- [/ §
by 2HDM and Axion-like particle models = ~:' § ~ ~* " ° 2§ |Low mass ||
» Final state: yy 1 ATLAS —owewea T FHom :
- {s=13TeV, 138 fb” i -
» Background: E R S E
. - er _ OW maSS ] - Observed 13 TeV (2016) :
* Z — eet Modeled by DSCB func, DD norm. [ SN S T S 3
: : 10 20 30 40 50 60 70 b :
* Non-resonant: yy from MC, jets faking 7, . [GeV] [ — omenesraTevny 14°
‘ . . 10° =
shape from MC and normalization in CRs G I I T R TR TR T
» Strategy: Prev.: ATLAS-CONF-2018-025 1 rq HIGG-2018 95
* Highest signiticance: o 3 3ok Hwe LD,
* Very low mass: m,, = 19.4GeV 3.10 local g Fok - EZZZIEZMEZZZZIZI;EX E
10_15— — 23 -
(1.5 o global) O | B Low. mass -
* Low mass: m,, =71.8GeV 2.2¢ local (mod.m.) - ATLAS Protminary — oy
o . . E 5-13Tev,1401"  —ooove ] :g 421 """""""""""""""""""" =
High mass: m,, = 634GeV 3.29¢ local L omrew ; i Wﬁ% it A LU L
102 E ﬁi :
(1 . 8 6.6 glObal) T 1 |7I0| L |8|OI L |9|OI L |1(|)0| L I‘I‘{OI n 500 400 600 800 1000 1200 1400 1600 1800 2000;20[?362\4/1]00
» CMS: m,, = 95.4GeV 2.90 local (1.3 o global) m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-025/
https://cds.cern.ch/record/2852907/files/HIG-20-002-pas.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/

Long-lived particle searches



SUSY: Long-lived, pixel dE/dx )

SUSY
ATLAS SUSY-2018-42, JHEP (2023)

SR name Discovery ~Limit setting Track category IBL overflow dE/dx [MeV g~'cm?]
. SR-Inclusive_Low v Cuive Jes or no [1.8,2.4]
* Target: s e
* Search for massive, charged, long- o j [;8284]
lived particle, with high 1onization St T8L0 High £ e w 24
* Final state: , T
. . . . P ~+ 2 B p " i 8 1800:— ATLAS =T P =X % E
* High p, track with high pixel dE/dx >{: % ziLyp,é% G2 e taTey, s % L
° . » ~< L =] - All limits at 95% CL .
Backgr Ound- K e % p> £ (LLP) i‘“’ G~ 00r E
e L. particles much slower than speed ) R E
. p . p 7T:F 4 1000:_ JpeT _:
of flight, have high transverse ook E
momenta and large 1onization loss > 10T T T : - Observec :
g 8 10°E- ATLAS (s=13TeV, 139" J 600~ Observed + 15, =
o Strate * o 10t SR-Inclusive_High ptT”‘>1ZOGeV, m <18 3 400:_ - Expected £ 10, %_:
8y 2 gE rmir-ate om0 T fobsones 2005 | | L
. . . —~ ----m(%) = 400 GeV, t(%) = 10 ns = L1 R N R R =
* SR/CR orthogonality obtained via g " " —ues 1 10 i0 i0
lepton p; cut 5 O 11 e (el
. . . e . ' ?? — 45 - ISI{?—InIcIuslive .(LOV.HH.igh_) 0~
* Highest significance: ¢ Lo 15 B
o i===d > 4 E >
* For target mass 1400 GeV 3.60 L T % = 55 El
. —————— e B . 102 >
local (3.30 global) g 10 I H | | | g 8
ol 1 . - 2
* In the Tol" check excess not oL LT E| R
compatible with the slow moving g 0 1000 20000 8000 4000 S0t "I
. . GeV 1000 2000 3000 4000 000 10° 2
paI’tl(Zle hypOtheS].S m[ ° ] Track Momentum [Ge5V]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-42/

Summary

SUSY & ) ~ Other BSM

SUSY

X))  Higgs/top/SM/b
DBS |

00
D

21+jet+MET: wino/higgsino 20 PRD 2020 Ebslli Contat interaction 2.60 PRL 2021
31 + MET: wino/higgsino 20 EPJC 2021 ‘bbmm: H to aa 3.30 PRD 2022

ée‘c, ut: LFV Higgs 2.50 ATLAS-HIGG 2023

..........................................................................................................................................................................................................................................................................................................................................................................................................................................................

531! Resonant WZ 2.8c local ATLAS-HDBS 2022 EZISS, 318 WWW cross-section 2.60 PRL 2022.
52188,31,41: c2HDM 2.81c local ATLAS-HDBS 2022 521SS, 31, 41: tttt 1.80 EPJC 2023

..........................................................................................................................................................................................................................................................................................................................................................................................................................................................

.qqbb: Y to Xh 3.80 ATLAS-HDBS 2023

‘bbbb +1/2/31: BSM Vhh 3.8¢ EPJC 2023

.cbb: BSM top 3.00 ATLAS-HDBS 2023

Ebb‘c‘c, bbyy, bbbb: Resonant hh 3.2c ATLAS-HDBS 2021

..........................................................................................................................................................................................................................................................................................................................................................................................................................................................

5 éyyi Very low mass 3.10 ATLAS-HIGG 2022
Di—photon yy: Low mass 2.20 ATLAS-HIGG 2023
5 éyyi High mass 3.290 PLB 2021

..........................................................................................................................................................................................................................................................................................................................................................................................................................................................

Long-lived |dE/dx: Long-lived 3.3c global JHEP 2023 SUSY2023
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052005
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-11/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-039/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-31/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-24/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-13/

Backup



SUSY: 2/0S comp. Wino/higgsino Ve f

SUSY

(D = rrrrrrrrrr 1Tt T 11T 11T 1T 7T 17T 1T 1T 1" 1T 1T 11
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Diphoton BDT Score

* Eivents with 2 high energy photons, E, > 33GeV

* Photon 1solation

» ¢/y BDT classifier, large Z — ee background rejection (90% fake rejection)
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* vy conversion categories: converted and unconverted (UU, UC/CU, CC)

* Use BDT di-photon classifier, 9 categories
» Signal modeling: Double-Sided Cristal Ball

* Background:

* Non-resonant: Irreducible yy shape from MC, Reducible jets faking photons

vj + jj shape from MC, reweighing in CR
* Resonant: Z — ee modeling by DSCB, shape from di-electron data,

normalization from e — y fake rate from data
* Results: model independent and model dependent, correct for detector effects
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SM: WWW

ATALS STDM-2019-09, PRL (2022)

* Dominant backgrounds:

» WZ + jets: using normalization and 3 CRs for +0/1/2;j
* Fake/non-prompt leptons: DD method

* v conversion, charge-flip: DD method

e Other: from MC

» Signal to background separation using BDT for 2/ and 3/ SRs
* Binned maximum likelihood fit 1n 2/,3/ SRs score and m; of

CRs distributions to determin gy yw

Post fit

ese= ei”i
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Total predicted 241 =11 873 =22
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