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A Toroidal LHC Apparatu$S

® |ayered detector surrounding the interaction point: central tracker inside of a solenoid,
calorimeters and an independent muon spectrometer with superconducting toroids
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Tile calorimeters

N LAr hadronic end-cap and
forward calorimeters
Pixel detector .

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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® fast triggering on interesting signatures

® precise reconstruction of

collision vertices

photons and electrons

muons

taus

jets

mMIssing transverse momentum

identification of heavy flavour jets
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Performance with Run-2 data set



ATLAS Run 2 pp data set

® Run 2 (2015-2018) recorded after Run 1 data set (2010-2012)

® 95.6 % data quality efficiency

® most results in this talk: 139 b1 data for physics analysis at /s = 13 TeV
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Final luminosity for Run 2 pp

, arXiv:2212.09379 (Submitted to: EPJC)
® pbased on complimentary .
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https://arxiv.org/pdf/2212.09379.pdf

Run 2 performance highlights

Trigger Efficiency

trigger algorithms and selections optimised to cope with pile-up
conditions

continuous improvements of identification and calibration of
reconstructed objects

Eur. Phys. J. C 80 (2020) 47
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Efficiency

Data / MC
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Eur. Phys. J. C 82 (2022) 223
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high pr hadron calibration with W—=1—n

excellent MC modelling with
correction factors (generally
close to 1) measured in data
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https://arxiv.org/pdf/1909.00761.pdf
https://arxiv.org/pdf/1909.00761.pdf
https://arxiv.org/pdf/2108.09043.pdf

Run 2 flavour tagging
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https://arxiv.org/pdf/2211.16345.pdf

Tau identification ATLEHYS PUB-2019-033

RNN = 10* g~ T T T
employs information from 5 - ATLAS Simulation Preliminary -
reconstructed charged-particle D - )
tracks and clusters of energy in the h.g 10° & =
calorimeter associated to Thad.vis E - ]
candidates as well as high-level ; i N
discriminating variables :‘cg 102 -
E —— RNN (1-prong) ;
Factor 2 performance improvement - e BDT (1-prong) -
compared to BDT ID 10 ° Working points (1-prong)
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Per-tau efficiency increased:
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https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf

Summary of ATLAS 13 TeV using the full Run 2 pp dataset

¢ SM
® [op

® B physics
Run-2 Physics Highlights o Higgs
e HDBS

® Exotics

Tuesday, 16:40 Standard Model and Top results from ATLAS - Carlos Alberto Gottardo S U Persym metry

Tuesday, 17:00 Heavy Flavor results from ATLAS - Markus Cristinziani

Tuesday, 17:20 Search for BSM Physics in ATLAS - Rafael Coelho Lopes de Sa
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ResultswithData2018
https://indico.cern.ch/event/1181208/contributions/5138716/
https://indico.cern.ch/event/1181208/contributions/5138719/
https://indico.cern.ch/event/1181208/contributions/5138717/

Standard Model Total Production Cross Section Measurements Status: February 2022
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-009/

Total pp cross-section

® Differential do/dt pp—elastic cross section

® ALFA subdector : measure scattered protons with
detectors located in roman pots ~240 m from |P

® special run ( ~340 pb-) with B* optics = 2.5 km
® measure Mandelstam t' distribution
® |luminosity calibration from vdM scans

® From precise do/dt:

® o (real/imaginary part of elastic-scattering
amplitude for t—0)

o = 0.098 + 0.011

Owta= 104.7 = 1.1 mb

~ (from optical theorem)
M.Donadelli
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arXiv:2207.12246 (Submitted to: EPJC)

115 | '
- m ATLAS 110 E LHGC zoom -
B TOTEM 105 |
2 Lower energy pp oo B4
- o Cosmic rays
— —— COMPETE HPR1R2 95 | | |
~ —— FMO 8000 10000 12000
I BCBM
— mm--- KMR P’
o HEGSO0 ;
~ _._._BJAS .
I el A
B ATLAS
L1 111 | | | L1 111 II | | L1 1111 | | | L1 111 ll | | L1 1
10 107 10° 10*
Vs [GeV]

Highlights from ATLAS - LISHEP 2023


https://arxiv.org/pdf/2207.12246.pdf

(7)) T T T T T T ]
Observation of WWW productlo cpan  Cowvweren
0 10°F s =13TeV, 139f0" EWZ 3 Non-prompt -
L Post-Fit @y conv.  [Charge-flip
- @ Other - Uncertainty
--- Pre-Fit Bkgd.

10

<

@ AOFTTITTI T ARARRRARRIAARRI RS -
o - ATLAS e Data -
D 35 Vs=13TeV, 139 fb" %w;vwmﬂ.m)—_ 5 | | | ' - - ;
E SR 37 i E o 1;7%4////*////%/%//{7////////- /-////«,«M RN, I IRIX TR
_ [ Non-prompt = _ ) _
® two channels: WWW— 3|3v S0FPost-Fit Eéﬁgpgvé o E g 0% ;
.. - P =3  Sn.. SR,. Se. Cr, Cr,_ C
and WWW—= 2[2vjj 25" AT SR ot ey Muy SRa, Rz Rz, Ry,
2OZ ________________________ gz o Pre-Fit Bkgd. E
e dedicated CR for background -% E Phys. Rev. Lett. 129 (2022) 061803
modelling, MVA analysis to o A
enhance signal i E obs. (exp.) significance: 8.0 o (5.4 o)
R T e e R , ,
g oaf T 7 inclusive cross-section:
L o
(q0] 08__ ]
oo . . . .. 3 820 £100 (stat) = 80 (syst) fb
O 01 02 03 04 05 06 0.7 08 09 1
BDT output
12

M.Donadelli Highlights from ATLAS - LISHEP 2023


https://arxiv.org/pdf/2201.13045.pdf

arXiv:2211.09435 (Submitted to Phys. Lett. B
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Observation of polarisation in WZ production
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https://arxiv.org/abs/2211.09435

Top pair production

260 pb! dataset recorded

cross section at 5.02 TeV

arXiv:2207.01353 (Submitted to JHEP
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Vs =13 TeV,< 139 fb
Vs =8TeV, 20.2 fb
Vs=7TeV, 461’

Vs =5.02 TeV, 0.26 fb’

== NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
m=172.5 GeV, PDF+o uncertainties from PDF4LHC _
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BDT output

® good agreement with expectations to 4% precision

® measurement helps constrain P

Gtt(measured) — 67.5 i 0.9 (Stat.) i 2.3 (SySto)

DFs
+ 1.1 (lumi) £ 0.2 (beam) pb

Tuesday, 16:40 Standard Model and Top results from ATLAS - Carlos Alberto Gottardo
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https://arxiv.org/pdf/2207.01354.pdf
https://indico.cern.ch/event/1181208/contributions/5138719/

Single top+photon observation :uzozomzs suwmied o phs. rev. e
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® profile likelihood fit used to extract cross-section with
free floating parameters for background
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Observed (expected) significance: 9.10 (6.70)

Tuesday, 16:40 Standard Model and Top results from ATLAS - Carlos Alberto Gottardo

M.Donadelli
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https://arxiv.org/pdf/2302.01283
https://indico.cern.ch/event/1181208/contributions/5138719/

Observation of di-charmonium in 4 states
ch55—>1/¢1/¢—>4ﬂ

® motivated by tetraquarks, in two channels — S . ol ATLASPreliminary - -
= C Vs=13TeV, 139 fo | Z
| | Tecee = J /W ¥ (2S) — 4p S ZdlSJ/qf e o siel 60
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' . 300 ++ DBy diysX
® AR < 0.25 between charmonia C . .
200— + ]
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o u di-J/ N N~ _ Sig.+Bkg. - ] SRS S, +*+5\£++++ T EARNN—
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—100 3 L I NN _
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—150F —
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Tuesday, 17:00 Heavy Flavor results from ATLAS - Markus Cristinziani
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https://cds.cern.ch/record/2815676/files/ATLAS-CONF-2022-040.pdf
https://indico.cern.ch/event/1181208/contributions/5138717/

H—4l: precise mass measurement

® improved momentum-scale calibration for muons

arXiv:2207.00320 (Submitted to: Physics Letters B)

® cvent-by-event invariant-mass resolution of 4| system :Tngs* . —— ol
—> —> '
(s =13 TeV, 139 b S Sys. Only
® DNN used to discriminate signal N - 124514073 (073 Stat)
2100 IIIIIIIIIIII |IIII| IIIIIIII |IIII|IIII|IIII|IIII_ > :IIIIIIIII|IIII| IIIIIIIIIIIIIII |IIII|IIII| IIIIIIII : e 1
| ATLAS ¢ paim 1 & - ATLAS $ Data - ou2e - | 125.33 + 0.50 (+ 0.49 Stat.)
* iggs boson (125 GeV) Lo 80— _|
~ - H— ZZ* — 4] p Bl zz 7] Al — H— 7Z7* — 4| — Fit | | —
12 - Vs=13TeV, 139 b BOC VWV 1 T E 1 okround
ch 80 _—115< m, < 130 GeV B Ziots, f —_ @ - Vs=13TeV, 139 fb ackgroun . 2e2u 125.01+ 0.29 (+ 0.29 Stat.)
> i Uncertamty CICJ - -
1] : 1 = 60F ‘ E B N
B | - - 4u 124.93 £ 0.29 (+0.28 Stat.)
60 500 -
I 1 40 | - | 0.18 Stat.
10l //// b E é Combined —eo— 124.99 + 0.19 (£ at.)
- 27 . 301 = I | N
I ///f//////)(//// //){ - + ] 20;_ + E Run1+2 —— 124.94 + 0.18 (+ 0.17 Stat.)
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] " T TR AR, m, [GeV]
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Table 2: Largest contributions to the systematic uncertainty of mpg . C om bl nation Wlth 7 an d 8 TeV resy |.t
Systematic Uncertainty | Contribution [MeV]
Muon momentum scale 198 my= 124.94 = 0.17 (stat.) = 0.03 (syst.) GeV
Electron energy scale +19
Signal-process theor +14 17
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https://arxiv.org/pdf/2207.00320.pdf

Evidence of off-shell Higgs arasconrzoz0e

® predicted Higgs width of 4.1 MeV much smaller than the detector resolution

® measure the Higgs boson total width by exp|0|t|ng the ratio between on- sheII
§ gHgHZZ

and off-shell productions

off-shell

agg—)H—)VV ~

® combination of ZZ =2l 2v and ZZ — 4| oftfers highest sensitivity, exploiting

) 2
5 ggHg HZZ -on-shell N
5 gg—-H-VV
Mzz

the independence of off-shell cross section on 'y

(’) T T I T T T T I T T T T I T T T T I T T T T I T T T T
+ 6 .
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1 03 | [ ] Other Backgrounds
= [ ag— (H* ) ZZ4i
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oC z 4
0
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exclusion of
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= — Obs. |
- 20_—On + Off-shell combined ----- Exp-Stat. only ]
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TH =4.6%2.6,¢ MeV/’ ]
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https://cds.cern.ch/record/2842520/files/ATLAS-CONF-2022-068.pdf
https://cds.cern.ch/record/2842520/files/ATLAS-CONF-2022-068.pdf

CP properties with H—1r

arXiv:2212.05833 (Submitted to: EPJC)

: : . [ ARRES AERES AERRRARRRARNRERRS ]
* pcp angle is directly related to CP-mixing angle (¢-) <012 ATLAS Simulation -
- H— 1t — vy % Scalar 7
” ' ' - --m-- Pseudoscalar -
in the H — 77 differential decay rate 0.1 5> a0cew s> 2060v s CPomix (o.2457]
7T2 O 08_. Xy ey o -I_
* 08F - - —o - -
dlyg -~ 1- b(E+)b(E_)B cos(@rp — 2¢7) - v . -
. 0.0« T . T -
® /4 different methods to construct ¢+cp observable - T, e T
Hott v satn +2 0.04- o = ""'"..:". _._‘ -
® measurement performed in 24 SRs and 10 CRs oz T
e 0 60 120 180 240 300 360
% . ATLAS @ Data . Ho1trt (best-fiot) B * de rees
v e B - v fdegrees
§ Ty adhad High @ Other backgrounds ./, Uncertaihty § j L L B —— L L L B L L B B
| Boost 0 Boost_1 VBF_0 VBF 1 _ E 7 ATLAS —_ Observed:q>jbs'=9116° (68% CL)_
2 9999 _ < — 7
10 .4 ®® o ! - Vs=13TeV, 1390 ...... Expected: 9™ = 0+28° (68% CL) ]
- ® CP mixing angle extracted from 61 y
10 2z simultaneous fit to all regions 5 N0 S
41— —
1 E n ]
1 obs. (exp.) d.= 9°+£16° (0°+£28°) 3 E
10_1_ .............................. - 2} ;:;_'
8 of - - .
oo 1 pure CP-odd ($=90°) excluded at 3.4 ¢ L N 1o -
SR o™ A T T R i
& ¢ 4 07280 60 40 20 ©0 20 40 60 80
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CP 1
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https://arxiv.org/pdf/2212.05833.pdf

I I I ’ L I L L L B L L L B L B
S XS YY arXiv:2207.00348 (Submitted to: JHEP) ATLAS \s=13 TeV, 139 fb"
H—vyy m =125.09 GeV |y |<2.5
] . . ) . . y ,
® cross-section measurements in 28 phase-space regions defined rertone. T ino. [y ure. Ff S Thow ure, s -50%
within the Simplified Template Cross-Sections framework | Tot Stat. Syt
- | | , g9 03 < 1 ot 067 9% (*52 o)
(partitioned by production process as well as by kinematic and s9-H. 0l 10 <20 o=t 128 “010 (701 *5c)
: gg—H, 1-et, pl! < 60 —o—1 1.07 * 058 (£ 9% T oiy
event properties) Gg-H. e, 60 <pf < 120 ——t 111 t“”iéi%iB*Sﬁég
gg—H, 1-jet, 120 <p'! < 200 00— 1.0 fgg fgg fg?
gg—>H,22-jets,mﬂ<350,p:<120 |—.—L| 0.6 igg g:‘gg :‘8?;
® selected events classified into 101 analysis categories based on o9-2H. 22l m <350, 120 5 <201 H—.—t 13 152 §i8:i i81;
gg—>H,22-jets,mH2350,p$<2oo r————— —] 1.0 jgg f82§ jgi
multi-class BD gg—H, 200 <p'f < 300 —_—— 1.6 '35 (Ton %)
gg—>H, 300 < p!' < 450 S 0.2 02 (+05 +01)
_ —— _ _ gg—H, p}! = 450 e 24 01 (51 1)
B 2500 ATLAS e - 2He, <t and W Vet ————— 09 55 (%05 %03)
O] - + Data \I_ 4 99'—Hqq', >2-jets, VH-had | R N— 0.2 3¢ (:“ oL o )
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O 1500 Jd g All categorle§ ] ag—Hag', 224ets, 350 <m < 1000, p!! > 200 0.2 ig; (igé i81)
?_ u In(1+S/B) welghted sSum ] qg'—Hag', >2-jets, m > 1000, pf! > 200 @ —] 16 i8§ (tgg i82)
o ~ S = Inclusive N qa->Hiv, p! < 150 p————— 1.8 T57 (Zo7 on)
£ 1000F  Seeqpe, 3 i re (it )
(7—’) E E pp—HIVY, Y <150 |\ e} 0.6 *03 (o3 55)
500 ] pp—HI/vv, p’ > 150 | M —— 0.4 jz); (féj; jgg)
- : —t—— 0.8 08 (100 w01
- . 1,60 < < 120 ——t—i 0.8 08 (+08 +0i)
2 100E ' ' ’ ' ' = tH, 120 <] < 200 - 06 o §i8:z i81;
- E —— 12 92 (108
© 50E = ——— b ()
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. 50, = " —_—————— 1 2 % (%)
% 110 120 130 140 150 160 AP R TP P B S B B
0 GeV -2 0 2 4 6 8 10
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u=1.04 +0.10 5450 =1.04 =+ 0.06 (stat.) *0.06 445 (theory syst.) +0-05 4544 (exp. syst.)

| 20 L
M.Donadelli Highlights from ATLAS - LISHEP 2023


https://arxiv.org/pdf/2207.00348.pdf

H _>YY (EFT) arXiv:2207.00348 (Submitted to: JHEP)

e 34 Wilson coefficients considered (out of 60)

® dimmension-6 operators with significant impact on at least one STXS region

® coefficients measured individually while setting all the others to O
% - I I I | I | | I I I
© | ATLAS e Linear best-fit (obs.) = 68% (0bs.) - - -+ 95% (obs.) _
> 6 1 Linear+quadratic best-fit (obs.) 68% (obs.) 95% (0bs.y—
& [ Vs=13TeV,139fb _ -
O L : _
E 4— H—yy, m =125.09 GeV, A=1TeV . -
C "L " ; . ' . _
© - . . . : —
D— _— 1 1 : : —
2 | TN . , ! —
| 1 . 1 . . E i . " 1 l I I 1
s e
_4 I S S S I [ [ [ [ (N A A A
CHwCHBCHWBCHGCw Ca  Cuw CuB CuGgCuH CdH CI,QZ C,I;C; C,(f}) CHu CHd CHOCHD CCI,?&I CCI,%I Cc,I]l]) Ci Cuu CcI]?J) CCI,? CLI,?
x100x100x100 x100x10 x10 x10 x10 x10 x0.1 x0.1 x0.1 x0.1

M.Donadelli 2

all coefficients
compatible with 0 (SM)
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https://arxiv.org/pdf/2207.00348.pdf

Search for H—cc

Eur. Phys. J. C 82 (2022) 717

targeting VH(—cc) with 3 channels:
/H—=vvce, WH—lvee, ZH—llcc

measurement of diboson processes
(VZ—cc, ZW—cq, g is down-quark)

flavour-tagging: identification of c-jets and
orthogonality with VH(bb)

® c-tagging + b-veto with efficiency WPs
(DL1.,MV2)

® simultaneous fit of SRs+CRs using mc.
for signal extraction + diboson
analysis as cross-check

® uncertainty dominated by V+jets

modelling and data statistics
M.Donadelli

analysis strategy validated by simultaneous

NI L AL L
- ATLAS

[ Vs=13TeV, 139 fb”
C VH, H— cT

- Ji,| < 8.5 at 95% CL

0 lepton
Exp.= 40 x SM
Obs.= 35 x SM

1 lepton

Exp.= 60 x SM
Obs.= 50 x SM

2 lepton

Exp.= 51x SM
Obs.= 49 x SM

Combination
Exp.= 31x SM

Obs.= 26 x SM |

---------------------------

- L(“;olrnlbl. (Iollosl.)
----Comb. (exp.) .
— 0O-lepton (obs.) .

1-lepton (obs.) ]
— 2-lepton (obs.) .

Y RV ey L L

; 95% CL ; 5
_||||||||||||5||| ||§||||I|||I|
-30 -20 -10 0 10 20 30
obs. x| < 8.5 @ 95%CL Ke
AL L B S S B B S B
ATLAS I + 1o
Vs=13 TeV, 139 fb"! [ 1+2
----- Expected
VH,H—cC —— Observed
L ;u | AR I TR N MO Y SN MR N AN MR B
0 20 40 60 80 100
22 95% CL limitonu
VH(cC)

probing b/c universality:
experimentally showing for
the first time that H—cc is
weaker than H—=bb coupling

(my/m.= 4.578 = 0.008)
obs. ratio |x./xb| < 4.5 @ 95%CL

2 e e A s B B O
- ATLAS -
- {s=13TeV, 139 b
3_5; VH, H — bb/ct

--- Expected
Observed

BRI AR
3F -.. =
250 =

of i

obs. (exp.)

(W/Z)Z—cc 2.6 0 (2.2 O)
(W/Z)\W—-cq 3.8 o (4.6 0)
(W/Z) H—cc 26 X SM (31 X SM)
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https://arxiv.org/pdf/2201.11428.pdf

Measurement of the VH (H>WW?*) cross-section

® \WH and ZH production through H=>WW*—=|vlv
and H2WW*—|vjj decays a

® 4 channels

o) 1 | | | | |
o
Tg 0.9— ATLAS Preliminary 68% CL —
= 08 Vs=13TeV, 139 b — 95% CL N
T Best fit
o o7 VA H - WW — SM68%CL
owH X BRy-ww+ = 0.13+0.8 5 7 (stat.) +0.05 4 o4 (syst.) pb S oMo
< 0.
6 0.5 |
0.4 _
oz X BRy-ww+ = 0.31+0.09 4 o5 (stat.) = 0.03 (syst.) pb 0.3 _
0.2 - _
0.1— _
| I | I | | |
ATLAS-CONF-2022-067 02 -01 O 01 02 03 04 05

Sy X BRy _, ww [PO]

, 23
M.Donadelli

Events / bin

Data / Pred.

—h
o
w

—h
o
RO

10

. ATLAS Preliminary e pata 3\ Uncertainty

| {s=13TeV, 139fb™ Wz Bzziy —
- VH, H > WWw* Misid. ttz/twz =
- 4] 2-SFOS SR vvv ] Other Higgs

Fog. {09, {loge {07 - foys los5 (0
Os7 %%, 0_07]07, 0'06] %, 0.7] 7 0.73] 076‘] 76 ] < 1]

2-SFOS BDT output
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https://cds.cern.ch/record/2842519/files/ATLAS-CONF-2022-067.pdf

Higgs highlights: 10 years after discovery

® alarge number of Higgs production and decay modes have been established

® ttH with many channels (discovery in 2018), also closing on tH (H—=YY)

® cxcellent agreement with theory predictions

ATLAS Run 2 e Data (Total uncertainty) A Syst. uncertainty || SM prediction
| | | | | | | | | _|5 ? ? 1|0 | 1 1
tH | 4
. - R e el
ttH . -
ggF+bbH . @ . .
HeH
VBF . (3 i
WH . .o 4 —&—
H &
ZH @I & e
| | | ] | | ] | | | ] | L 1 1
0 1 2 1 2 3 4 0 1 2 1 2 3 0 1 2 0O 1 2 3 4
bb Www T ZZ Y 298
u=1.05 = 0.06 ¢ x B normalized to SM prediction

= 1.05 =+ 0.03 (stat.) + 0.03 (exp.) + 0.04 (sig.th.) = 0.04 (bkg.th.)

® ATLAS Run 2 results comparable to 2014 HL-LHC projections!
24

M.Donadelli

Kg Ol K
N

Nature 607. pages 52-59 (2022)

Ui Iy
K> = and k2 = ——
L SM S SM
i i
FSM
O'-B(i—>H—>f)=/<i2-K§f-O'iSM’ ]; 5
l—‘H (Ki - Kf)
B 1 || | | | L II | || ]
. ATLAS Run 2
E z =
- $ ko=x t 3
B K. is a free parameter w B
E_ SM prediction E
= i’ =
E /‘T/ Leptons Quarks E
B Vel Vu | Ve || U || -
2 3, OB E
— Force carriers Higgs boson B

2 wlE

III|__IIII| I

!
l

o
Illll | Illxllll | L1 11 I | l

107 1 10 10°
Particle mass [GeV]

Search for H—opuu
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https://arxiv.org/pdf/2207.00092.pdf
https://arxiv.org/pdf/2007.07830.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/

ATLAS searches

EXOTICS GROUP
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Search for Higgs boson pair production

Vg ) = — u’dp'¢ + A" )’

A A
O| u? H*+\|—p H’>+|—H*
%m}:‘, \
/ \ 4 H H
gy H \
\ e
_______ .______. P
H H T
\ H H
H

® negative interference between main

contributions: very small production
cross-section oggr SM= 31.05 fb (~1000

times smaller than that of single H)

M.Donadelli

® probe Higgs self-interaction (Aynn) and Higgs potential

g 0099999999999 ~
/7
7
g o . 7

\\1 K) v

7
A R o

N
N
N

g 0909909999099~

Krn= AHHH/ASMypy

H g .9999999999999. > ® - - - —————_ 77
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ATLAS

EXPERIMENT

ATLAS

EXPERIMENT

Run: 351223
Event: 1338580001

) 2018-05-26 17:36:20 CEST
Run: 339535 ‘{’

Event: 996385095
2017-10-31 00:02:20 CEST

i

() ()
HH — bbThadThad HH — OOTIepThac
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ATLAS

EXPERIMENT

M.Donadelli

Run: 329964
Event: 796155578
2017-07-17 23:58:15 CEST

ATLAS

EXPERIMENT

Run: 350013
Event: 1556168518
2018-05-11 01:39:26 CEST
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H H com bi N ati on arXiv:2211.0121 (Submitted to: Phys. Lett. B.)

® multiple search channels, trade-offs between BR vs final state

® results for the combination of the three most sensitive channels:

bbbb, bbrt and bbyy

ATLAS - Obsel‘ved I|m|t ,3, — T T T T T T T T T T T T T T T T T T T T T E. F N S B B NN I EY E D BN B N Y Y HOY B N N N NN I H N H H B R ]
vs =13 TeV. 126—139 fb-! Expected limit =, - ATLAS —— Observed limit (95% CL) { &=, -~ ATLAS = Observed limit (95% CL) -
T — i —~ ] imit (95% 1 << i Expected limit (95% CL) |

oM., ver(HH) =327 fb (Hrr =0 hypothesis) T [ VES=13TeV,126—139fb" == (eetot oes) % VE=13TeV, 126—1391b~ == Ghr0h Cens)
[ Expected limit £10 L 104k HH-bbT* T~ +bbyy+bbbb  mm Expected limit+ic d = 108k HH-bbT*T~ +bbyy+bbbb =1 Expected limit+ic =
[ Expected limit +20 L - 1 Expected limit +20 1 ® - 1 Expected limit +20 ]
> - E== Theory prediction i O> B \ E== Theory prediction i
N W SMprediction g ~_ 7 . ¢ SM prediction -
> N o~ = 102: _____________________ -
Obs. Exp o 10%E NN - /{:
bByy— } 4.2 57 | e i ) LT )
1 —= 107k .
: 102_— - = - - -
- _ - — bbyy ] - —— bbyy .
bbtt T |- * 4.7 3.9 - —— bbTttT" . - — bbT*T" i
: : - —— bbbb T - —— bbbb T
L i —— Combined i 100k —— Combined _
bbbb /- 54 8.1 101 NN R R S Y S S S 'l I T T T M [N T T N T T T AT TN N M N N B B
-10 -5 0 5 10 15 _2 —1 0 1 2 3 4

K
Combined . 9 | A Kav
: 1 - L AT T ® bbyy most sensitive for large variations of xa
95% CL upper limit on HH signal strength uyy
* most stringent upper limit on ® bbtt most sensitive for ki values close to the SM

HH production to date

® bbbb most sensitive to VBF production and variations of kay
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https://arxiv.org/pdf/2211.01216.pdf

° t ® >
HH + H combination V
arXiv:2211.0121 (Submitted to: Phys. Lett. B.) H
q - //,—~\\
. . . . , \\
® exploits direct sensitivity to xa of HH and indirect H----ond fis---- 0
3 /
e _ o ° ° g t { \\§_,/
sensitivity to xa of single H through NLO EW " ’ . 7
| \
corrections affecting single H production and decay v A |
l /H
9 QQQQQ0/—<——= t 9 -
< 10_ I I I I I I I I I I I I I I I I I I I I il g 1_4_ | | | | I | | | | | | | | I | | | 1 I | | | | I | | | |
Channel C - ATLAS — Hk onl | . ATLAS —— 68%CLHH+H
= a . Vs =13TeV, 126—139 b~ . HHA yl ] - Vs=13TeV, 126—139 fb- —=+ 95%CLHH+H -
HH — bl_’")’?’ | 8~ Observed o O — 1.3~ Al other « fixed to SM o 68:/" gt: -
HH — bbt*r~ - — HHAHionly . Observed T 950/" _
T T - . HH + H k; generic - - — 68%CLHH  _
HH — bbbb I HH + H k) only: ] : = 95%CLHH -
\
5 95%: K € [-0.4,6.3] _ 1.2 S SMpredicton ]
H—vyy R HH + H K, generic: . - o b BestfitHH+H -
H—ZZ7" —4¢ - 95%: Ky € [~1.4,6.1] - R e T O S S - i
H - - - 1 I S —
—> T T 4_ 5 — B = ‘\ \| ;
H— WW* — evuv (ggF,VBF) _ i i \ ! i
H — bb (VH) I ] 1F KN / .
H — bb (VBF) ol _ - R o i
H — bb (ZEH) - - - ’ .
N ] 0.9 —
| | | | ] ] | | I l | ] ] I | ] ] l | ] ] | |
05 0 5 70 15 10 -5 0 10 15 20
Combination assumption Exp. 95% CL Obs. Value’:llg K2 Kx
HH combination 21<k <78 =315, e study provides the most stringent constraints on k) to date
Single-H combination 52<kKky <115 k= 2.5%‘3
HH+H combination R4 <Kk <632 -19<x1<76 Ky = 3.0“:11'.3
HH+H combination, «; floating —0.4 < K2 < 6. -19<ky<7.6 Ky = 3.0“:11'_5 ® . . . .
HH+H combination, «;, Ky, Kp, k7 floating #1.4 < k) <6.1 —22<ky <71 Ky = 2.3“:%'_(1) KA Interval |eSS ConStralned N a more geﬂerlc mOdel
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https://arxiv.org/pdf/2211.01216.pdf

Exclusive H and Z decays into vector quarkonium + vy

® alternative way to probe quark-Yukawa couplings distinct
experimental signature (radiative decays)

® exclusive background: pypy events through DY, MC modelling

® inclusive background: dominant, mostly multi-jet and y+jets,

data-driven modelling

70
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Events/ 2.5 GeV
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I I | I I 1 1 | I I
ATLAS
s=13 TeV, 139 fb™
29 < My < 3.3 GeV

¢ Data
— Background Fit

[ Exclusive Background
v (nS) Background

[ Dimuon Background
[]B(H = J/yy) =2.1x 10"

‘ [B(Z - J/yy) =1.2 x10°

i,
g

_._

* .

IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII

Data/Bkgd
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(@)

f. y Y “ : H "v_.
[
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My [GEV]

35
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25

Events / 2.5 GeV
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9]

o -
01O

Data/Bkgd

—————
ATLAS
Vs=13 TeV, 139 fb

I I I I I

3.5« My < 3.9 GeV

¢ Data

— Background Fit

[ Exclusive Background
[]v(nS) Background
[0 Dimuon Background

1B(H - w(2S)y) =1.1x 107
[B(Z = w(2S)y) =2.3 x 10°

arXiv:2208.03122 (Submitted to: EPJC)

95% CL upper limits
Branching fraction oXxX8B
Decay | Higgs boson [ 107% ] Z boson [ 1070 ] Higgs boson [fb] | Z boson [fb]
channel | Expected Observed | Expected Observed Observed Observed
Ty 1.9+0% 2.1 0.6%0 1.2 12 71
y(2S)y | 8555 109 2.9% 2.3 61 135
Y(1S)y | 2.8%3 2.6 1.570¢ 1.0 14 59
Y(2S)y | 3.5% 4.4 2.000% 1.2 24 71
Y(3S)y | 3.17% 3.5 1.9%)% 2.3 19 135

IR II|I|IIII|IIII|IIII|IIII|IIII|IIII|IIII

"

)
o

100

250

300
M., [GeV]

® search alsoforHand Z = w/K* +vy
arXiv:2301.09938 (Submitted to: Phys. Lett. B.)

Tuesday, 17:20 Search for BSM Physics in ATLAS - Rafael Coelho Lopes de Sa

M.Donadelli
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https://arxiv.org/pdf/2208.03122.pdf
https://indico.cern.ch/event/1181208/contributions/5138716/
https://arxiv.org/pdf/2301.09938.pdf

Searches for extended scalar sector

ATL-PHYS-PUB-2022-043

® motivated in many BSM models

® pbenchmarks: hMSSM and type-| 2

M.Donadelli

tan B

DM

60 September 2022
' [ gg/bb H/A, H/A - 1t
~.ea. PR LR LT T . 139 fb™
40 et o Phys. Rev. Lett. 125 (2020) 051801
30 . tb) H', H — 1v, 36.1 fb”
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b(b) H/A, H/A — bb
27.8 fb’
Phys. Rev. D 102 (2020) 032004
[ H->ZZ - 4llivy, 139 fb
Eur. Phys. J. C 81 (2021) 332
A — Zh, h = bb, 139 fb”
arXiv:2207.00230
[ tb) H, H" > tb, 139 fb”
JHEP 06 (2021) 145

5 hMSSM, 95% CL limits | B H— WW — Iviv, 36.1 fb”
L _ — Eur. Phys. J. C 78 (2018) 24
4 Run 2, Vs = 13 TeV I H — hh — 4b/bbyy/bbtr
3 F — Observed — 126 - 139 b
na= | xpected ATLAS-CONF-2021-052
2 ;L —| ==== h couplings [x,,, k, K]
f 36.1-79.8 fb"
Phys. Rev. D 101 (2020) 012002
[ ttH/A, H/A — tt, 139 fb
1 > ] | ATLAS-CONF-2022-008
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https://cds.cern.ch/record/2827098/files/ATL-PHYS-PUB-2022-043.pdf

Generic 2HDM

® search for new heavy scalars with flavour-violating decays

ATLAS-CONF-2022-039

® couplings involving top quarks pu, Ptc, Ptu

® cvents categorised by lepton multiplicity, total lepton charge ana
decay topology

180_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

(2} (7)) ]
§ . ATLAS Preliminary @ Data []Signal sstt ] § -~ ATLAS Preliminary ¢ Data B Signalttq 7
W g0~ Vs =13 TeV, 139 fo"' [l Signal ttg [l Signal tit W 30~ Vs=13TeV, 139fb" [lSignaitt [l Signaltitq —
E g2HDM B Signal tttq Il Signal ttt E - g2HDM W signali it [l Four top -
140 2/SS + + CATHHt -F_a“rmp DE"; o o5l 4 C]tw I i+ B
~ Post-Fit th . L] ( v) 7 - Post-Fit B tt(z/y*) [l Diboson ]
120 []tty*(low mass) [ Diboson 7 B B Fakes DOther ]
- HF HFel ] - .
100; El MaiLConv EQMeisID . 20— 7 Uncertainty ---- Pre-Fit Bkgd. ]
77, | — . ]
L [ ]Other 72 Uncertainty ] ®
S B Ui E E couplings scans for heavy Higgs masses
oE E : 200 GeV < my < 1000 GeV
ol ] — P! 2iPi=1 _
e - . ATLAS Preliminary |- §
.................. ] - m,, = 1000 GeV c
7 % —25 £
= - 5
8 :!!!!.!!!!.!!!!.!!!!.......,. 8 T A e e e e —2 %
= 1.5F = - 150 Y 8
a® e o Y @eeeeeee
e | 'J;""J;"'&;"w//x/r/‘«# 5 1___ 4{{{{y_‘{{{f{/_‘{/{f;j/_‘_/{{f///////////////////////W
8 05F 4 8 osf :
% 01 02 03 04 05 06 07 08 09 1 0702 03 04 05 06 07 08 09 1
DNNS® DNNS® e < ~, .
® |argest deviation 2.8¢ local tor my = 1000 GeV: py= 0.32, pi= 0.05, pru = 0.85 ,45,.- S el Tbu=
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https://cds.cern.ch/record/2815674/files/ATLAS-CONF-2022-039.pdf

ATL-PHYS-PUB-2022-034

Heavy particles searches

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

Status: July 2022 JL£dt=(3.6-139)fb" Vs =8,13TeV
Model (,y Jetst ET™ [Ldt[fb™] Limit Reference
T L] LI I L 1 L] L] L] L] LI I L] L] L L L] L LI I L] L L] L]

@ ADD Gkk +g/q Oeu,7,y 1-4j Yes 139 Mp 112TeV n=2 2102.10874

Re] ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZ NLO 1707.04147

2  ADD QBH - 2] - 139 | Mu, 94TeV n=6 1910.08447

®©  ADD BH multijet - >3] - 3.6 Mqh 9.55TeV n =6, Mp=3TeV,rot BH 1512.02586

£ RS1 Gkk — yy 2y - = 139 Gk mass 4.5 TeV k/Mp; = 0.1 2102.13405

© Bulk RS Gy —» WW/ZZ multi-channel 36.1 Gy mass 2.3 TeV k/Mp; = 1.0 1808.02380

g Bulk RS Gkx — WV — fvqq 1eu 2j/1J Yes 139 Gk mass 2.0 TeV k/Mp; = 1.0 2004.14636

%  Bulk RS gkk — tt 1e,u >1b,>1J/2) Yes  36.1 | &k mass 3.8 TeV [/m=15% 1804.10823

L 2UED / RPP 1epu >2b, >3] VYes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMY - tt) =1 1803.09678

SSM Z" — ¢t 2e,u - - 139 | Z' mass 5.1 TeV 1903.06248

SSMZ’ - 17 21 - - 36.1 Z’ mass 2.42 TeV 1709.07242

‘g Leptophobic Z’ — bb - 2b - 36.1 Z’' mass 2.1 TeV 1805.09299

(<) Leptophobic Z" — tt Oe u >1b,>2J Yes 139 Z’ mass 4.1 TeV MN'm=1.2% 2005.05138

8  SSMW’ ¢ty 1eu - Yes 139 | W’ mass 6.0 TeV 1906.05609
L SSMW’ - 1y 17 - Yes 139 | W’ mass 5.0 TeV ATLAS-CONF-2021-025
S SSMW’ - th - >1b>1J - 139 | W’ mass 4.4 TeV ATLAS-CONF-2021-043

=) HVT W - WZ — fvggmodel B 1 e, u 2j/1J Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
8 HVT W - WZ — v '’ modelC 3 e, pu j (VBF)  Yes 139 W’ mass 340 GeV gven=1,8=0 ATLAS-CONF-2022-005

HVT W - WH — ¢tvbbmodelB  1e,u 1-2b,1-0] Yes 139 W’ mass 3.3TeV gv =3 2207.00230

HVT 2/ - ZH — ¢¢/vvbbmodel B 0,2e,u 1-2b,1-0j Yes 139 Z’ mass 3.2 TeV gv =3 2207.00230

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

Cl qqqq -~ 2] - 37.0 |A 21.8TeV 7, 1703.09127

—  Clttqq 2eu - - 139 A 358TeV 7, 2006.12946

O  Cleebs 2e 1b - 139 | A 1.8 TeV g =1 2105.13847

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

Cl tttt >lep 21b>1j] Yes  36.1 A 2.57 TeV |Carl = 4n 1811.02305

Axial-vector med. (Dirac DM) Oeu, 1,y 1-4j Yes 139 Mped 2.1 TeV 84=0.25, g,=1, m(y)=1 GeV 2102.10874

= Pseudo-scalar med. (Dirac DM) Oe,u, 7,y 1-4j Yes 139 Mped 376 GeV gq=1, g,=1, m(x)=1 GeV 2102.10874

O Vector med. Z’-2HDM (Dirac DM) 0 e, u 2b Yes 139 | Mmea 3.1 TeV tanB=1, gz=0.8, m(y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 Mped 560 GeV tanp=1, g,=1, m(y)=10 GeV ATLAS-CONF-2021-036

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

Scalar LQ 2™ gen 2u >2]j Yes 139 | LQmass 1.7 TeV B=1 2006.05872

QG  Scalar LQ 3™ gen 17 2b Yes 139 | LQjmass 1.2 TeV B(LQ; — br) =1 2108.07665

—  Scalar LQ 3" gen Oeu  >2j,>2b Yes 139 LCJa mass 1.24 TeV BLQ; »tv)=1 2004.14060

Scalar LQ 3 gen >2e,u,>217t>1j,>1b - 139 | LQS mass 1.43 TeV BLQY — tr) =1 2101.11582

Scalar LQ 3" gen Oeu, 217 0-2j,2b  Yes 139 LQ‘,7 mass 1.26 TeV IB(LQ%’/—» bv) =1 2101.12527

Vector LQ 3" gen 17 2b Yes 139 LQ; mass 1.77 TeV B(LQ; — br) = 0.5, Y-M coupl. 2108.07665
o VLQTT - Zt+ X 2e/2u/>3e,u >1 b, >1j - 139 T mass 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024

=< 2 VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343

L O VLQ T5/3 T5/3|T5/3 - Wt + X 2(SS)/>3 eu >1 b,>1j Yes 36.1 Ts/3 mass 1.64 TeV B(Ts;3 > Wt)=1, c(Ts;3Wit)=1 1807.11883
S E VLQT - Ht/Zt 1e,u  >1b,>3] Yes 139 | T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040

S ® VLQY - Wh leu >1b>1j] Yes  36.1 Y mass 1.85 TeV B(Y — Whb)=1, cr(Wh)=1 1812.07343
=" VLQB - Hb Oeu >2b,>1j,>1J - 139 B mass 2.0 TeV SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
VLL 7 — Zt/Ht multi-channel ~ >1]j Yes 139 | «’ mass 898 GeV SU(2) doublet ATLAS-CONF-2022-044

No) ‘é’ Excited quark g* — qg - 2] - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447

9 O Excited quark g* — qy 1y 1]j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440

Q € Excited quark b* — bg - 1b,1] -~ 139 | b* mass 3.2 TeV 1910.0447

I ¢ Excited lepton ¢* 3eu - - 20.3 A =3.0TeV 1411.2921

=" Excited lepton v* 3eut - - 20.3 A=1.6TeV 1411.2921

Type Il Seesaw 2,34eu >2] Yes 139 N° mass 910 GeV 2202.02039

LRSM Majorana v 2u 2] - 36.1 Nr mass 3.2 TeV m(Wg) =4.1TeV, g, = gr 1809.11105

«.  Higgstriplet H** - W*W=* 234 e, u (SS) various Yes 139 | H** mass 350 GeV DY production 2101.11961
& Higgstriplet H** — ¢ 2,3,4eu(SS) - - 139 | H** mass 1.08 TeV DY production ATLAS-CONF-2022-010

6 Higgs triplet H** — (1 Seput - - 20.3 DY production, B(H;* — (1) = 1 1411.2921
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-=13Tev L 1 3l 1 1 1 1 r 1 3 al 1 1 1 1 L 3 1 al 1 1 1 1
partial data full data 107! 1

10 Mass scale [TeV]

*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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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-034/
https://indico.cern.ch/event/1181208/contributions/5138716/

Search for neutral heavy resonances in W+*W- 2 evuv

ATLAS-CONF-2022-066
® Sea rCh in W|de Mass range: ZOO Gev < MR < 6 Tev Model Resonance spin  Production mode
ggF' qqA VBF
NWA Spin-0 X X
® Higgs-like narrow width, Georgi-Machacek, radion in the bulk po ) <
- Tal " Tal " HVT Spin-1 X X
Randall-Sundrum model, spin-1 have vector triplet, spin-2 graviton V> el X
® Mt uged for Statistica‘ ana‘ysis § 106;','4'TLAS Preliminary e ou \\U s\% = ATLAS Preliminary o ou \\U
" " (s5=13TeV, 139 o’ sor w1 Tev [l " ~ Vs=13TeV, 139 o’ v nwa 1 7ev Il 2
5 105?§g?sﬁvwfev”v Equww T O e quww W
® no significant excess over SM expectations "ol B
100
10
10
Model Obs. limit [GeV] Exp. limit [GeV] 1
Radion, ggF 1090 1190 G ——— . — =
Kaluza-Klein graviton, ggF 1340 1340 & e, e . \ RN
? B 1?‘\ NULES b atl SR SRS S 2 N & \\\ B \x\\x\\\\\k\\\\\m\x\\ \
Kaluza-Klein graviton, VBF 500 000 S oo, &F ,3 < ,2 + i 3
HVT scenar?o A, qqA 2100 1890 ™ [GeV] - [GeV]
HVT scenario B, qqA 2350 2130
mr = \J(ELC + EBissy2 - |5CC 4 Fissj2
Ef = 1Y+ m?,
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https://cds.cern.ch/record/2842518/files/ATLAS-CONF-2022-066.pdf

Search for pair production of third-generation leptoquarks

arXiv:2303.01924 (Submitted to: EPJC) 9
® final state 2b and 27, with analysis subdivided into Tiep Thad, ThadThad LQ -

® analysis strategy: MVA (PNN)—fit on PNN scores LQ T
] ] ] ] p
S 10°= ATLAS M auatenes § 2 10E ATLAS  Smmlagategxs S 3
_g E s =13 TeV, 139 fo! E k E _.g E s =13 TeV, 139 fo! tFfake Tpaq (Multi-jet) E E‘ 1 O % 1 T T ] T T U B B || L L L L L %
g 10 Tt T R B E = - ATLAS ~ Theory (NNLO__ +NNLL) 3
—  Post-fit ét;; v + (bb,occo) 3 ~  Post-it 2 v+ Bbboco . 5o 102 = -1 approx =
10° E_. \\\\\\\\ — o Unoortainty = 1032_ Ut errt y < 9 = \(g =13 TeV, 139 fb —— Obs. limit =
B . - E - X 10 & ScalarLQ Exo. limit _
10 . E e E > =\ 95%C.L. xp-Am =
10 - \\\*\\\é 10 ;_\‘\\\ \\\\\ " \\\\\\\é %_‘ ? A EXp. + 1GeXp j
1 3 1;_ . \b/ .;— EXp + ZGexp i
107! 107! .;_ _;,
S 15F | | | | | | 3 S 15F | | ! | I | E - o -
% 1%\\o\\\\\\\\\o\\\\\\\\\m\\\\\\\\w\\\\\\\\i\\\\\\\ \\\\\\\*\\% n\; 1 T AT ORI, Nw §_ .
g s 1 | 2 | 3 | 4 | 5 | 6 | 7 : § s 1 | 2 | 3 | 4 | 5 | 6 | 7 : ;_ T
PN (mLQ = 1400 GeV) score bin PNN (mLQ = 1400 GeV) score bin E '"""'""::5:3':'3?'522:-252'.'3‘21Z_Z.L...-,
. . . . 1 0_5 | I | | | I | | | I | | | I 1 | 1 I 1 | | I | | | I | | | I | |
® previous ATLAS search in this final state surpassed by 400 600 800 1000 1200 1400 1600 1800
more than 450 GeV for scalar LQs M [GeV]
: - : Obs. limit [GeV] Exp. limit [GeV
e improved Thad and b-jet reconstruction and 5. it [oeV]  Sxp. fimit 10eV
. . (e . . . Scalar LQ 1490 1410
identification techniques, and a number of analysis-level Vector LQ (minimal-coupling) 1690 1600
i m p rovements Vector LQ (Yang—Mills) 1960 1840
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https://arxiv.org/pdf/2303.01294.pdf

Search for H—invisible

g

jets + MET

| 37 .
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H—invisible in VBF+MET * In SM, branching ratio for

JHEP 08 (2022) 104 -Higgs invisible decay
® most sensitive channel among the five searches DM . ¢ ¢ (H2Z2Z—-4v) ~0.1%
y
/
® large Eymiss > 160 GeV _ H .[’ ® |[f DM exists and in the right
N N mass range, we may
o 7 \/BF jetS NOT baCk'tO'baCk IN q) (ACPJJ < 2, to DM\ \ Observe ‘arger BR(H—”nv)
suppress multi-jet) than SM prediction
® veto events with e, iy S OEATAS  resecgmaoyn
> - Ys=13TeV, 139 b’ ] -e-Data
= [ VBF B,  search 14 23\ Uncertainty
® \BF topology for 2 leading jets 2 { o Stong W
E-StrongZ
. . F.—. EW Z
® T]J1. T]J2 <0, Anjj > 3.8, mj; > 0.8 TeV . SOthef
- : e-fakes
; : :: :: W u-fakes
® packground estimation: V+jets from lepton CR I

® 16 signal region bins defined in njet, ET™iss,m;; Ad;

Ratio

Biny < 0.15 (0.10 exp.) @ 95% CL | wacs W, o 2,CR s
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https://arxiv.org/pdf/2202.07953.pdf

H—invisible search combination

z g
I 09F
m =
g 0.85—
E 0.75—
= 0.6
o

9 0.5
o 04
3 0.3
(@))

|
ATLAS

Vs=7TeV, 4.7 o
Vs =8TeV, 20.3 b’
Vs =13 TeV, 139 fb'

— Observed
Expected

=+t

+ 20

0.2F
0.1F
0 = | | | | | | | -
& o & & & o o 0"
Be\xe« < xé« :{\x@« z\\\x% @Q “ ‘LC’O@ A s x®00®
\2 1X Q\\)\\ Q\\)(\ Q@Q\
arXiv:2301.10731 (Submitted to: Phys. Lett. B.

B (H—inv) < 0.107 (0.077) @ 95% CL obs (exp)

M.Donadelli
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o — B RRLY
E 1 B,_.., <0.093
5 - ATLAS 7 o
- 37 F 4 Alllimits at 90% CL
S 10"~ Vs= 7TeV, 47f" =
E - ~ \s= 8TeV, 20.3f" 7 Higgs Portal WIMP:
x = (s=13TeV, 139fb"' o =---- Scalar
= 10 & =
b; = — Majorana
- :: Vectorger
107 s Vectorjy mogel, = 0.2
Other experiments:
10°% — - XenoniT-Mig
— — DarkSide-50
10758 =2 PandaX-4T
= o o T LUX-ZEPLIN
10 1 10 102 10°
mWIMP [Gev]
Analysis Best fit By, || Observed 95% U.L. | Expected 95% U.L.
Jet + —0.09%5:5 0.329 0.38310 1o
VBF + +~ 0.04191% 0.375 0.346 10 oor
tt + 0.08 +0.15 0.376 0.29570 023
Z(— 00) + 0.00 + 0.09 0.185 0.18510:055
VBF + 0.05 + 0.05 0.145 0.10310:058
Run 2 Comb. 0.04 + 0.04 0.113 0.08070:055
Run 1 Comb. —0.0215 13 0.252 0.26510 074
Run 142 Comb. 0.04 £ 0.04 0.107 0.077+9:03
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https://arxiv.org/pdf/2301.10731.pdf

Long-lived particles searches

ATLAS Long-lived Particle Searches™ - 95% CL Exclusion ATLAS Preliminary

ATL-PHYS-PUB-2022-034

Status: July 2022 [£dt = (32.8-139) fbo! Vs =13TeV
Model Signature  [Ldt [b™'] Lifetime limit Reference
T T T T TIrT T T T T TTIT T T T T Trrl T T T T TrIrr T T T T Tr1rr T LI |
RPV T — uq displaced vitx + muon 136 t lifetime I l I I 0.003-6.0 m ! m(t)=1.4 Te!/ 2003.11956
RPV )"(‘1) — eev/euv/uuv displaced lepton pair 32.8 /\7‘1’ lifetime 0.003-1.0 m m(g)=1.6 TeV, m(¢9)= 1.3 TeV 1907.10037
GGM % - ZG displaced dimuon 329 | X lifetime 0.029-18.0m  m(&)=1.1TeV, m(¥%)= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 139 | ! lifetime 0.24-2.4 m m(i?%, G)=60,20 GeV, By=2% | CERN-EP-2022-096
GMSB 7 — (G displaced lepton 139 | 7 lifetime 6-750 mm m(%)= 600 GeV 2011.07812
(>,.) GMSB # — G displaced lepton 139 7 lifetime 9-270 mm m(?)= 200 GeV 2011.07812
UD) AMSB pp — 7i{?, ¥ ¥;  disappearing track 136 | .x7 lifetime 0.06-3.06 m m(¥7)= 650 GeV 2201.02472
AMSB pp — i3, ¥ ¥1 large pixel dE/dx 139 X/f lifetime 0.3-30.0 m m({7)= 600 GeV 2205.06013
Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519m B(g — 5g)= 0.1, m(g)= 500 GeV 1811.07370
Split SUSY large pixel dE/dx 139 g lifetime >045m m(g)=1.8 TeV, m({?)= 100 GeV 2205.06013
Split SUSY displaced vtx + ETss 328 | g lifetime 0.03-13.2m m(g)= 1.8 TeV, m(¢)= 100 GeV 1710.04901
Split SUSY 0¢,2-6jets +E$1iSS 36.1 g lifetime 0.0-21m m(g)=1.8 TeV, m({%)= 100 GeV | ATLAS-CONF-2018-003
H—ss 2 MS vertices 139 s lifetime 0.31-724 m m(s)= 35 GeV 2203.00587
o\° H-ss 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
gl:; FRVZH — 2yq + X 2 u—jets 139 | 74 lifetime 0.654-939 mm m(yy)= 400 MeV 2206.12181
é FRVZ H — 4y4 + X 2 p—jets 139 | yq lifetime 2.7-534 mm m(yq)= 400 MeV 2206.12181
T H— Z4Z,4 displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Zy4)= 40 GeV 1808.03057
H— ZZ,4 2 e, u + low-EMF trackless jet 36.1 Z4 lifetime 0.21-5.2 m m(Z4)=10 GeV 1811.02542
$(200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o X B=1pb, m(s)= 50 GeV 1902.03094
p
% ®(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
2 b1 TeV) > 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
W — N¢, N — by displaced vtx (uu,ue, ee) + 1 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988
W — Nt,N — €ty displaced vix (uu,ue, ee) + u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988
:%l W — Nt,N — bty displaced vix (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
W — Nt¢,N — bty displaced vix (uu,ue, ee) + e 139 N lifetime 0.39-51 mm m(N)= 6 GeV, Majorana 2204.11988
| ra el 0ol AR R | Lol vl Ll
0.001 0.01 0.1 1 10 100 CcT [m]

Vs=13TeV  V5=13TeV
partialdata full data | 1 1 a1l 1 L gl 1 L 1 el 1 L3 el 1 L 1 1l 1 11 111

0.001 0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.

T [ns]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-034/
https://indico.cern.ch/event/1181208/contributions/5138716/

Search for long-lived charginos: disappearing track

® a chargino directly interacts with the detector material: a track

® decays in the middle leaving a LSP and a non-reconstructable soft pion:
disappearing

® addition of the inner-most IBL layer (2014): pixel-only-track, pushing

the sensitivity towards short litetime

Tracklets / 1 GeV
2

ATLAS

Vs=13TeV, 136 fo"
Electroweak production
High E7*° SR

g

—e— Data 3
—— Total Background §
UL Fake tracklet E
--------- Hadron -
Electron =
Muon E

~* ~t

mE), )= %
600 GeV,0.2ns =

_6 | | 1 11 II| | | ] 1 11 II| | z | | I 11 II| i
Cl) 10 2 [ MM TT II| [ [ [ [T II| [ [ [ T 1 II|E
© 15T ............................. [
~ 1# ——————— LN LA LSS A A A A A A A
S T Y . i
cU O | | | 1 1 II| | | ] | 11 Il| | | ] | 11 II|
a 100 1000 10000
Tracklet P, [GeV]
M.Donadelli

— Signal tracklet

- - Not reconstructed

requires a high pr ISR jet + recoiling Et™iss to trigger events

® bkg dominated by combinatorial “fake
tracklets”, fully data-driven estimation

® thankstot
Innermost
offers best
signals

ne closer proximity of the

oixel layer to beam: ATLAS
sensitivity to shorter lite-time

obs limit excludes chargino masses up
to 660 GeV
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https://arxiv.org/pdf/2201.02472.pdf

arXiv:2211.08028 (Submitted to: Eur. Phys. J. C)

Search for gluinos in multl b final states

2 . oo 2
| 3 b_JetS + 0/1 |epton + ETmISS S 455 ATLAS EE+X %\?W?;tstop .
W 4 {s=13TeV, 139 fb” [ Diboson [ Z+ets —
— (] Multijet “ekey SM Total —
3-55— Neural network analysis ¢ Data =
® DNN in event selection: 3E- / =
2.5 —
23— / —f
. . . miss = / 77777 =
® input: 4 vectors of jets and leptons, Er 15E- / | =
b = Z
~ - p b 0.5 47 IIIIIIIIA////'///
® m(@) and m(7?) added as parameters 2 == |
¢ 3
: : S U SO SO SRRt SUUNUUUTRUTRUPE SAPRPRPRURPINE SUTUUUURt SO —
® |nterpretation also for 3 mixed decay modes by s s
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https://arxiv.org/pdf/2211.08028.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/

Run-3 Highlights

ATLAS RUN 3

LARGE HADRON COLLIDER
est. 2022 at 13.6 TeV

M.Donadelli



P h a S e - I U p g ra d e ATLAS DETECTOR LS2 UPGRADES

MUON NEW SMALL WHEELS NEW READOUT SYSTEM FOR THE NSWs LIQUID ARGON

(NSW) The NSW system includes two million micromega readout CALORIMETER

Installed new muon detectors with channels and 350 000 small strip thin-gap chambers New electronics boards installed,
precision tracking and muon selection  (STGC) electronic readout channels. increasing the granularity of

capabilities. Key preparation for the P signals used in event selection and
improving trigger performance at
higher luminosity.

® all Phase-l systems have been
integrated in data-taking

® recently with HLT chains seeded

by Phase-I| items

? 8 Iy i s
J | 588 |
\ 3 -

- ‘4".'__51"‘1
VoS 5% o8,

TRIGGER AND DATA NEW MUON CHAMBERS IN THE CENTRE ATLAS FORWARD PROTON
ACQUISITION SYSTEM (TDAQ) OF ATLAS (AFP)

Upgraded hardware and software Installed small monitored drift tube (sSMDT) detectors Re-designed AFP time-of-flight
allowing the trigger to spot a wider alongside a new generation of resistive plate chamber detector, allowing insertion into the
range of collision events while (RPC) detectors, extending the trigger coverage in LHC beamline with a new “out-of-
maintaining the same acceptance rate. preparation for the HL-LHC. vacuum?” solution.

| 44 -
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Performance results with early 13.6 TeV data

EGAM-2022-04
cC>)~. 10 i | 1 1 I | | | | l | | I 1 I | | I | I I I I | I |
() = —~ I -
(3] i 3% ~ ot i
T = — : -
0 09 o® e —]

B o —A— i
N il S — i
| ©8|Zﬁ A m
| i A_A_ _
0.8 A —
L W i
[ Dok i
&

B A i
0.7 — ﬁ* o
- 4 :
- Data: full, MC: open A
0.6 = ATLAS Preliminary 4 Tight ]
- Vs =13.6TeV,3.4fb1 # Medium -
[ -247<n<247 @ Loose |

0.5 | | 1 I | | | | | | | 1 1 I | | | | I | | | | I
(s) : | ;; | | I | | | | I | | | | I | | | | I I I | I i
8 1.00 —
o n _
a i i
0.98 |~ b Ay % B
[ | ] *I IAAI_‘_I T T A R A R N B A S S AN SN SR R N B

50 100 150 200 250
pr [GeV]
electron ID efficiencies in Z—ee events
M.Donadelli

3.

~

p —

©

Data
Simulation

0.08

=, 0.07

0.06
0.05
0.04
0.03
0.02
0.01

-) —h
.U.|_LU.|O

MUON-2022-02

T T T . , : . —— _
- ATLAS Preliminary } -
— Vs=13.6 TeV, 6.8 fb" Vo
- Z = pup _f
Hg— :
E_“'_._"‘- . —®— Data _E
- ..
L | =
__+ """ o0 -0 o 00— _ o -0 ¢ . ]

10 102

<P.> [GeV]

relative dimuon mass resolution in
J/@ and Z—puu events

45

Entries / 6 MeV

2500

2000
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500F

BPHYS-2022-001

| I | | I I I I | I | | I | I I

— ATLAS Preliminary
- Data 2022, Vs = 13.6 TeV, 6.8 fb™

Full BphysDelayed Stream

_ pun)>11,p(u,)>6 GeV
+ Dimuon selections
pT(u1) > 11, pT(uz) > 6 GeV
+ other B, selections

P ), p(n)>10 GeV

+ Dimuon selections

5200 5300 5400 5500 5600 5700
M 1 K K) [MeV]

invariant mass spectrum of Bs—J/w¢
candidates, muons are constrained to

J/@ mass and kaon candidates must
satisfy 1008 < mgx < 1030 MeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2022-04/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2022-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/BPHY-2022-001/index.html

Candidate Run 3 event display of a pair of top quarks decaying the ATLAS detector. This event was recorded on 18
July 2022 when stable beams of protons at the energy of 6.8 TeV per beam were delivered by the LHC. The
display shows charged particle tracks reconstructed in the inner detector (orange lines), an electron track (green line), a
muon track (red line) as well as the energy deposits in the LAr (green and cyan blocks) and Tile (yellow/orange blocks)
calorimeters. The event contains two jets that have passed b-tagging requirements and these are delineated with cyan
cones. The lower-left-hand view shows the same event in the transverse plane, highlighting the direction of the missing
transverse momentum (dashed white line). (Image: ATLAS Collaboration/CERN)
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Measurement of tt/Z cross- sectlon ratio at 13.6 TeV

ATLAS-CONF-2022-070

= ATLAS Prellmmary +Data ZShe pa 8000 = ATLAS Prel|m|nary ¢ Data

| B 1SS T T2 Siawsmn B £ o BLAG0Te, 120" £ R

s SingleTop tW-ch
t Post-Fit 2/ Uncertainty - Cinge op chan

e 1.2 fb" of data (Aug 2022) ) e S

— / Uncertaint
4000 E- o Y

Events
5

Events /

— —
o o
[=2]
i |
®
=

Q)

3000

3
§ I
N .

—

o
w > ”
T

IIlIlIIII|IIII|IIII|IIII|IIII|IIII|IIII|II

® cu channel splitinto 1 or 2 b-tagged jets (R ' e )
i el T —
1 g 1.2
® post-fit event counts in signal and bkg regions 2= P S o | /// //////%
S0 P Uz 2y | g B btagged 77/ WP jet multlpllmty

ATLAS Preliminary
Vs =13.6TeV, 1.2fb~"

* apsolute cross-section limited by large uncertainties on the

s+ . < o et comtned o preliminary luminosity estimate
I data + stat. + exp. t--H--I theory prediction
I data + stat. uncertainty ~-A—+ stat. only result

* 4.7% precision for the ratio of the cross-sections

Data 2022 : ——
Aug. 6-9 2022, 1.2 fb

SM prectcton (PDFALHO21) e e measured values consistent with SM PDF4LHC21 PDF set

LHC Fill 8102 - =l ———{
Aug. 6 2022, 450 pb-!

LHC Fill 8103 o= = — .. . .
Ao 722 21050 * il B | Ott(measured) = 830 * 12 (stat.) = 27 (syst.) £ 86 (lumi) pb
Aug. 7 2022, 125 pb™!

LHC Fill 8112 o e = = o
Aug. 9 2022, 470 pb™'

R oz-) = 2075 = 2 (stat.) £ 98 (syst.) £ 199 (lumi) pb, for m; > 40 GeV

ee only region =

Aug. 6-9 2022, 1.2 fb~"

U u only region = = .

secaasay EF T Riyz = 0.400 £ 0.006 (stat.) = 0.017 (syst.) £ 0.005 (lumi)
0.34 0.36 0.38 0.40 0.42 0.44 0.46
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https://cds.cern.ch/record/2842916/files/ATLAS-CONF-2022-070.pdf

Phase-Il Upgrade tfor HL-LHC
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The future

M.Donadelli

HILUM

LARGE HADRON COLLIDER

LHC / HL-LHC Plan

LHC

HL-LHC

| Run 2 Run 3

1astev R 13614 ToV
— Diodes Consolidation
splice consolidation cryolimit LIU Installation _ . -
7 TeV ﬂ button collimators interaction B | inner triplet _ H|t- :]Ht(:;
— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit Installation
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2022 2023 2024 2025 2026 2027 2028 2029 IIIIIII“
5to 7.5 x nominal Lumi
ATLAS - CMS —
experiment upgrade phase 1 ATLAS - CMS |/
beam pipes : . : . HL upgrade
nominal Lumi 2 X nominal LurrLI ALICE - LHCDb : 2 x nominal Lumi
upgrade

75% nominal Lumi I |/

" erm

el 3000 fb”
luminosity JEIIE{ %

PHYSICS

HL-LHC TECHNICAL EQUIPMENT:

‘ INSTALLATION & COMM. HH

/

DESIGN STUDY PROTOTYPES CONSTRUCTION

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS

® Run 2 brought 140 fb-1@ 13 TeV
® Run 3 may bring 300 tb-'@ 13.6 TeV
® HL-LHC will bring an order of magnitude more!
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and the challenge ...

HL-LHC tt <u>=200 with 88 reconstructed vertices
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AT LAS P h ase_l I U pg ra d e Upgraded Trigger and Data Acquisition system

Level-0 Trigger at 1 MHz

I d High-Level Tri 150 kHz full- tracki
Improved muon coverage new and upgraded forward mproved High-Level Trigger ( 2 ull-scan tracking)

LW [Tk Silicon Pixel TDR and luminosity detectors
ILM [Tk Silicon Strip TDR

LAr Calorimeter TDR

High-Granularity Timing Detector TDR
Tile Calorimeter TDR
Muon Spectrometer TDR
IpZe] TDAQ System TDR

Computing CDR

trigger and DAQ
increased readout rates

Additional small upgrades

€L
ol ol Bl =
- O

Luminosity detectors
(1% precision goal) HL-ZDC

New Muon Chambers

Inner barrel region with new RPC
and sMDT detectors

_—ﬂ‘ Electronics Upgrades

L Ar Calorimeter

Tile Calorimeter

High Granularity Timing Detector (HGTD)
Forward region (2.4 < Inl < 4.0)
Low-Gain Avalanche Detectors (LGAD)

with 30 ps track resolution

Muon system

ITk — the new all-Si tracker

new High-Granularity
Timing Detector (HGTD)

New Inner Tracking Detector (ITk)

All silicon, up to Inl = 4

HGTD sensors | ATLAS Phase-2 Upgrade 51
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https://cds.cern.ch/record/2285585
https://cds.cern.ch/record/2257755
https://cds.cern.ch/record/2285582
https://cds.cern.ch/record/2719855
https://cds.cern.ch/record/2285583
https://cds.cern.ch/record/2285580
https://cds.cern.ch/record/2285584?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2020-015/

Example HL-LHC expectations exceeded

ATL-PHYS-PUB-2015-046

 HH->bbTT projections in 2015: - ATLAS-CONF-2021-052
10 - L L L L L e L e D L L L L L L L L ':
..."" 'we can project an exclusion at - ATLAS Preliminary —— Observed limit (95% CL) :
95% Confidence Level of BSM HH Vs =13 TeV. 139 fb-1 ~~~~ Expected limit (95% CL) -
pl’OdUCtiOﬂ with Apnr/Asm < - 4 HH — bt_)T""é_ Sxpecied §mit £10 |
104; Expected limit +20 :

and Apur/Asm = 12"

E== Theory prediction
i\z SM prediction

e HH->bbTT Run 2 results achieved later with 5%
of that dataset, already exceed that

e improved thod4 and b-jet reconstruction and

identification techniques, new triggers and a

number of analysis-level improvements 1086250 "2 4 6 8 70
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/

Concluding remarks

® ATLAS performed exceptionally well during Run-2
® SM measurements over a wide range of phase space

® reaching 5-10% constraints on main Higgs boson couplings

e di-Higgs sensitivity approaching fast
® wide program for BSM searches
® analysis techniques have undergone a tremendous evolution

® use of ML on physics objects and analyses design, improvements in signal ana
background modelling

® Many papers yet to come with the Run-2 dataset, with Run-3 data already on us

® And... preparation towards HL-LHCI!!!

| 53 .
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Thank you for your attention!
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Additional slides
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Run 2 flavour tagging

RNNIP neural network architecture

Unrolled RNN

O-€pO-Or-O—

st /
-— N ™ < Z
x| |lx||x]||x
szO o o o = %
> | @ ol |w||® ©
— [ [ | &8 { &
prrac = . - = =
AR
hit . I l
its ordered by [s,| Jet

M.Donadelli

Fully Connected
+

SoftMax

arXiv:2211.16345 (Submitted to: EPJC)

Input Variable Description SVKine | JFKine | DL1 Llr
: : PT Jet pr v v v v
Kinematics n Jet 7| ¥ / ¥ ¥
log(Py/ Piight) Likelihood ratio of the b-jet to light-flavour jet hypotheses v v
IP2D, IP3D log(Py/ P;) Likelihood ratio of the b-jet to c-jet hypotheses v v
log( Pc/ Piight) Likelihood ratio of the c-jet to light-flavour jet hypotheses v v
Py b-jet probability v
RNNIP P, c-jet probability v
Pigny light-flavour jet probability v
m(SV) Invariant mass of tracks at the secondary vertex assuming pion v v v
mass
fE(SV) Jet energy fraction of the tracks associated with the secondary v v v
1 vertex
SV Nrarvix (SV) Number of tracks used in the secondary vertex v v v
Notavix(SV) Number of two-track vertex candidates v v v
Lxy(SV) Transverse distance between the primary and secondary vertices v v v
Lyxyz(SV) Distance between the primary and secondary vertices v v v
S x:y -(SV) Distance between the primary and secondary vertices divided by v v v
its uncertainty
AR (Pijet> Pvix)(SV) AR between the jet axis and the direction of the secondary vertex v v v
relative to the primary vertex.
m(JF) Invariant mass of tracks from displaced vertices v v v
Je(JF) Jet energy fraction of the tracks associated with the displaced v v v
vertices
: AR ( Piets Pvix) JF) AR between the jet axis and the vectorial sum of momenta of all v v v
JetFitter ] : :
tracks attached to displaced vertices
Sxyz(JF) Significance of the average distance between PV and displaced v v v
' vertices
Ntarvix (JF) Number of tracks from multi-prong displaced vertices v v v
Notievix (JF) Number of two-track vertex candidates (prior to decay chain fit) v v v
N -tk vertices JF) Number of single-prong displaced vertices v v v
N> o-ik vertices (JF) Number of multi-prong displaced vertices v v v
Lyy; (2)(JF) Distance of 2™ vertex from PV v v v
Lyy (2" (JF) Transverse displacement of the 2™ vertex v4 v v
m (2™)(JF) Invariant mass of tracks associated with the 2™ vertex v v v
E (2™)(JF) Energy of the tracks associated with the 2™ vertex v v v
fe (2")(JF) Jet energy fraction of the tracks associated with the 2" vertex v v v
Nigawvix (2™ JF) Number of tracks associated with the 2" vertex v v v
Moy #(2M)(JF) | Min., max. and avg. pseudorapidity of tracks at the 2" vertex V4 V4 V4
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https://arxiv.org/pdf/2211.16345.pdf

RNN Tau-id

* Impose physically motivated ordering on reconstructed tracks
e similar to RNN b-tagger (track treated as sequence), each track is a time stamp

o (Classity thog candidate using tracks and associated variables

Reconstructed hadronic tau decay

RNN Output neuron

Track2 (Pt An A dy --- >
Track N ([Pt An A¢ dy --- > —><'>—>

pT, track > 500 MeV
AR(tau axis, track) < 0.4

Track 1 (Pt An A¢ dy --- >

Ordered by pr

Dense layer with
shared weights
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0,o=104.68 + 1.08 mb
0=0.0978 = 0.0085
B=21.14 + 0.13 GeV™
C=-6.7 + 2.2 GeV™
D=17.4 + 7.8 GeV"

—1l = (9*><p)2 1

- > ATLAS -
pp cross-section § ob  mwwsew |
-CEJ §+ *=2.5 km :
- - e
* beam optics parameters needed for the reconstruction of the < 10°¢
: o =
scattering angle 6* at the IP U -
2L
* in elastic scattering at high energies the four-momentum 10 =
transfer t is calculated from 6* by: - ® 2016data
10 — Elastic fit

+v%/Ndof=51.0/62

107'E
= v ey |
* p is the nominal LHC beam momentum of 6.5 TeV and 6* is 5 AR\
reconstructed from the proton trajectories in ALFA T 000N e
5 3\ % aery |
s 10 10
do dra’(hic)? 4
_— = X G (t
dr 7|2 ®)
: aG*(t) . . -Blt|-Ct*-Dt|?
* theoretical form of t-dependence - O X [sin (@¢(1)) + p cos (ag(r))] xe™ >

7]

2
o2 [+p w e(~Blt|-Ct*-D|t[)
. Y167 (hic)? ’
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Observation of WWW production

Z/y*
W
0 W
q
q W
® BDT variables
20 37
mj; — my| ET significance x10/Ep
pr(forward jet) pr(lsy)
E}I{llss significance N (jetS)

pr(J2) same flavor My
minimum m(¢, 7) mrp (000, B ™)
m (s, j1) m(€2’€3).
N(jetS) Ad)(ﬁf& E’III‘HSS)
pr (£2) minimum AR(/,¢)
N (leptons in jets) mer (£, iss)
m(lq, j1) E+" significance
Emiss Emiss
VHT 2 Et
M.Donadelli

Phys. Rev. Lett. 129 (2022) 061803

® post-fit number of events

T T T T T T

e e e | [ 874
WWW signal 284+ 4.3 12419 82 £ 12 34.8 £ 5.2
W24 8l.1+= 5.7 34622 170=x10 16.4x1.5
Charge-ﬂip 31.14+& 7.3 19 £ - 1.7£0.4
v conversions 60.8x 85 139x15 - 1.5£0.1
Non-prompt 17.0x 4.0 145x23 104 =x21 26.6 == 2.9
Other 22.3+ 2.4 100X 10 D8 & 8.01£0.9
Total predicted | 241 411 873+22 4154+17 89.0£5.4
Data 242 889 418 79

Hr= ) ph+ ) pi+) P+ ) pi+ ) pr
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-09/

Observation of polarisation in WZ production

Data POWHEG+PYTHIA NLO QCD

W=z

foo 0.067 £ 0.010 0.0590 £ 0.0009  0.058 + 0.002

for 0.110 £ 0.029 0.1515 £ 0.0017  0.159 £ 0.003

fro 0.179 £ 0.023 0.1465 £ 0.0017  0.149 4+ 0.003

frr 0.644 £ 0.032 0.6431 £ 0.0021  0.628 £ 0.004
Wtz

foo 0.072 £ 0.016 0.0583 £ 0.0012  0.057 + 0.002

for 0.119 &£ 0.034 0.1484 4+ 0.0022 0.155 £ 0.003

fro 0.152 &£ 0.033 0.1461 + 0.0022  0.147 £ 0.003

frr 0.66 £ 0.04 0.6472 £ 0.0026  0.635 4+ 0.004
W Z

foo 0.063 £ 0.016 0.0600 £ 0.0014  0.059 + 0.002

for 0.11 £ 0.04 0.1560 £ 0.0027 0.166 4+ 0.003

fro 0.21 £ 0.04 0.1470 £ 0.0027  0.152 4+ 0.003

frr 0.62 £ 0.05 0.6370 £ 0.0033  0.618 £ 0.004

M.Donadelli
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foo for fro frT
e energy scale and id. efficiency 0.00018 0.0009  0.0012  0.0019
jv energy scale and id. efficiency 0.0004  0.0004  0.0004  0.0008
ET+™° and jets 0.0017  0.0021  0.0020  0.0023
Pile-up 0.00031 0.00027 0.0007  0.0010
Misidentified lepton background 0.0012  0.0026  0.0013  0.0016
Z Z background 0.0005  0.00028 0.0005  0.0004
Other backgrounds 0.0016 0.0025 0.0021  0.0025
Parton Distribution Function 0.00025 0.0029  0.00014 0.0028
QCD scale 0.00010 0.014 0.0014  0.012
Modelling 0.005 0.007 0.005 0.008
Total systematic uncertainty 0.006 0.017 0.006 0.016
Luminosity 0.00019 0.0004  0.0004 0.00034
Statistical uncertainty 0.007 0.016 0.019 0.019
Total 0.010 0.029 0.023 0.032
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Top pair production cross section at 5.02 TeV

Category o %]
Dilepton Single lepton Combination
f+2] >1b £+3] 1b £+3] 2b f+24] 1b f+4] 2b €+ ZS] 2b t7 generator! 1.2 1.0 0.8
(7 194+27  310+33 199+24  690+60 318+32 380 +60 ff parton-shower/hadronisation®" 0.3 09 0.7
] tt hgamp and scale variations' 1.0 1.1 0.8
Single top 195 +22 908 + 12 38+5 67+9 22 +4 159+2.7 7 parton distribution functions' 0.2 0.2 0.2
W+ jets 1700400 690+210 58+23 350+120 30+14 19+10 Si
ingle-top background 1.1 0.8 0.6
Other bkg 110+40 55+23 7.2+3.0 29+ 12 3.5+1.5 37+1.7 W/Z + jets background* 0.8 2.4 1.8
Misidentified leptons 250+ 130 110+ 60 10£5 60 + 30 6+3 8+5 Diboson background 0.3 0.1 < 0.1
Misidentified leptons™ 0.7 0.3 0.3
Total 2500+400 1260+210 312+34 1200+£160 380+40 430+70 P ——
Electron identification/isolation 0.8 1.2 0.8
Data 2411 1214 203 1135 375 444 Electron energy scale/resolution 0.1 0.1 < 0.1
Muon identification/isolation 0.6 0.2 0.3
Muon momentum scale/resolution 0.1 0.1 0.1
Lepton-trigger efficiency 0.2 0.9 0.7
Jet-energy scale/resolution 0.1 1.1 0.8
v/s = 5.02TeV JES correction 0.1 0.6 0.5
Jet-vertex tagging < 0.1 0.2 0.2
Flavour tagging 0.1 1.1 0.8
Emss 0.1 0.4 0.3
Simulation statistical uncertainty* 0.2 0.6 0.5
Data statistical uncertainty* 6.8 1.3 1.3
Total systematic uncertainty 3.1 4.2 3.7
Integrated luminosity 1.8 1.6 1.6
Beam energy 0.3 0.3 0.3
Total uncertainty 7.5 4.5 3.9
arXiv:2207.01353 (Submitted to JHEP
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https://arxiv.org/pdf/2207.01354.pdf

Single top+photon observation o suwmied o pns. rev e

Uncertainty Ao /o
tty modeling +5.5%
Background MC statistics +3.6%
t (— fvby) g modeling +3.3%
tqy MC statistics +3.0%
tt modeling +2.3%
tqy modeling +2.3%
Additional background uncertainties  +2.0%
t (— Cvby) g MC statistics +0.3%
Lepton fakes +2.2%
h — 7y photon fakes +2.1%
e — v photon fakes +0.6%
Luminosity +2.2%
Pileup +1.3%
Jets and EXMSS +3.5%
Photons +2.5%
Leptons +0.9%
b-tagging +0.7%
Total systematic uncertainty +10.7%
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https://arxiv.org/pdf/2302.01283

Observation of di-charmonium in 4u states

® motivated by tetraquarks, in two channels:

chéé _>J/¢J/¢’ _)4/1
chéé —>J/¢’ W(ZS) _)4ﬂ

Signal region SPS/DPS control region | non-prompt region

Di-muon or tri-muon triggers,

Opposite charged muons from the same J /¢ or /(2S) vertex,
[Loose muon ID, p%’2’3’4 > 4,4,3,3 GeV and |n1.2.3.4] < 2.5 for the four muons
myy € {2.94, 3.25} GeV, or My (2S) € {3.56, 380} GeV,

Loose vertex cuts Xiﬂ/ N < 40 and )(gi_“/ N < 100,

Vertex XZﬂ/N < 3,

Li’; < (0.2 mm, |L§jci)',“\ < 0.3 mm, Vertex )(iu/N > 06,
may < 7.5 GeV, 7.5 GeV< may, < 12.0GeV (SPS) | L] > 0.4 mm

AR < 0.25 between charmonia | 14.0 GeV< my, < 25.0 GeV (DPS)
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H—4l: precise mass measurement
arXiv:2207.00320 (Submitted to: Physics Letters B)

Final

77,

Reducible

Expected

Observed

state Higgs tXX, VVV backgrounds total yield yield S/B
4/L 718t 38.7 = 2.2 2.84 +=0.17 120 £ 5 115 1.89
2e2p  93.4 1 3.2 26071+ 1.4 3.02x=0.19 83.1 £3.5 94 1.80
2u2e  41.2 = 3.0 179+ 1.3 3.4 4+ 0.5 02.0 = 3.3 59 1.93
4de 30.2 &= 2.7 15.7+1.6 2.83 = 0.35 04.8 £+ 3.2 45 1.95
Total 209 =13 99 £ 6 12.2 £0.9 321 += 14 313 1.88

Systematic Uncertainty | Contribution [MeV]

Muon momentum scale 128

Electron energy scale +19

Signal-process theory +14
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https://arxiv.org/pdf/2207.00320.pdf

Evidence of off-shell Higgs ATLAS.CONE-2022-068

[/ 282V
[/ 4X
Process gol Mixed EW
, g9 — (H® =)ZZ 210 £ 53 19.7 £ 4.9 4.29 £+ 1.10
Process gek Mixed EW g9 = H* =77  1114+26  109+25  3.26 + 0.82
qq — (H* —>)ZZ 341 + 117 42.5 + 14.9 11.8 = 4.3 g9 — 27 251 + 66 23.4 + 6.2 531 + 1.46
gg —~ H — ZZ 32.6 £ 9.07 3.68 = 1.03 1.58 £+ 0.47 qq — (H* =)ZZ + 2j 14.0 -+ 3.0 1.63 + 0.17  4.46 + 0.50
qgqg — L 24 345 = 119 43.0 £+ 15.2 11.9 £+ 4.4 qqZ 7 1422 + 112 804 +11.9 7.74 + 2.99
qq — (H* —)ZZ + 2j 23.2 £ 1.0 2.03 = 0.16  9.89 = 0.96 W2z 678 £ 54 51.9 = 6.9 7.89 = 2.50
qq /7 1878 + 151 135 4+ 23 22.0 + 8.3 Z+jets 62.3 £ 24.3 7.51 £6.94 0.62 &+ 0.54
Other backgrounds 50.6 +£ 2.5  1.79 £ 0.16  1.65 £ 0.16 Non-resonant-£€ 106 =39 9172273 1.55 = (.42
Total expected (Sl\/I) 2993 + 209 181 + 29 153 + 10.0 Other backgrounds 22.6 £ 5.2 1.62 = 0.25 1.40 £ 0.10
Observed 2397 178 =0 Total expected (SM) 2515 £ 165 172 + 17 28.0 £ 4.1
Observed 2496 181 27
ggF Signal region 1 jet mixed signal region EW signal region
QQQQ, > >
| " B EW includes VBF and VH
Ny =0 Ny = Landn; > 2.2 Niys = 2 and Anj; > 4.0

Niys = 1 andn; < 2.2
Nigs = 2 and Anj; < 4.0
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https://cds.cern.ch/record/2842520/files/ATLAS-CONF-2022-068.pdf

Sea rCh fOI‘ H — I,,I I,I Phys. Lett. B 812 (2021) 135980

| | I | I I | | | | I I I | | I | | | | I | I | | I | | | | |
, . , , , ATLAS (s =13TeV, 139 fb" H — uu
® 20 categories exploiting topological and kinematic
: , e Total Stat. [ Syst. | SM Total Stat. Syst.
differences between background and ditterent H
prOdUCtion mOdeS (ggF, VBF, VH and ttH) VH and ttH categories : —eo— | 5.0 £35 ( £33, £1.1)
ggF O-jet categories —@&+— -04 +16 ( £1.5, £0.3)
® background dominated inclusively by DY processes 1F 1-iet categories —— 54 £12 (£1.2, £0.3)
> maLANLL N BN DAL IR LA BN BN IR I BN K : i
8 700E ATLAS + Data = ggF 2-jet categories |—fo— 06 £12 ( £1.2, £0.3)
o 600 {s=13TeV, 139 fb" —'Srptal Ilod];lf — VBF categories - 18 +1.0 (+1.0, +0.2)
— : — Olgnal p —
b2 H — uu, In(1 + S/B) weighted —
5 500§ i In ) welg --- BKg. pdi 2 Combined HH 12 06 (£0.6, g7 )
L|J400:_ _: Lo b b o b o e e o e o |
S 3p0E E -10 -5 0 5 10 15 20
< — — ‘
=y C 3 Signal strength
O 200 —]
= - =
100 —
| = = observed (expected) 2.0 o (1.7 o)
2
a0
e u=1.2=+0.6
8 I, | EE— + .................................................................................................................................. _

110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]
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https://arxiv.org/pdf/2007.07830.pdf

CP properties with H—1r

T X
dFH—)T+T_ ~ 1 - b(E+)b(E—)E COS(()OCP o 2¢7‘)

M.Donadelli

2

(@ H—- 1t~ > natn +2v (b) H —» 1~ — n*2lva Vv (c) H—- 1t~ - natnm

Ovn_v

Figure 1: Illustration of the 7-lepton decay planes for constructing the ¢, observablein (a) H — 777~ — 771~ +2v

decay using the impact parameter method, (b) H — "7~ — a*n%va~nv using the p-decay plane method, and (c)
H — 1~ — 772%™ v using the combined impact parameter and p-decay plane method. The decay planes are
spanned by the spatial momentum vector of the charged decay particle of the T-lepton (7#*) and either its impact
parameter n** or the spatial momentum vector of the neutral decay particle of the 7-lepton (7°).

Decay channel

Decay mode combination Method Fraction in all 7-lepton-pair decays

{—1pOn IP 8.1%

Tlep Thad {—1pln IP—p 18.3%
{—1pXn IP—p 7.6%

{—3p0On IP-a; 6.9%

I1pOn—1pOn IP 1.3%

1pOn—1pln IP—p 6.0%

Ipln—-1pln o 6.7%

Thad Thad 1pOn—1pXn IP—p 2 59,
Ipln—1pXn 1o, 5.6%

IpIn—-3pOn p—ay 5.1%
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STXS H _}YY arXiv:2207.00348

Particle-level selections Region name

Iti-cl BDT d to classif ts into STXS '
multi-class used to classity events into regions o e T
— O-jet —
@ ...................................... « gg — H, O-et, 10 < pH < 200 GeV
pAl < 60 GeV - gg — H, 1jet, pif < 60 GeV
® allows the selection of target process events that otherwise would fail a requirement - e Ty
g p q pi < 200GeV — % 120 < pif < 20(1(;«\“'} ----------------------------- - gg — H, 1-jet, 120 < p¥ < 200GeV
b d d t t | | t.t. d I t th TX | d 'F. .t. pﬂ»’- < 60 GeV prasaeanarans ke gg — H, = 2-jets, my; < 350GeV, 1"‘11'1‘ < 60GeV
ased on detector-level quantities corresponaing to the STXS region definition. T - N
{- 120 < pi < 2()11(10\»').-- - gg —+ H, > 24ets, mj; < 350GeV, 120 < pi < 200 GeV
cC T T T [ T T T [ T T T | T T T | T T T [ - O 1 4 rTrr[yrrrrjrrroprrrr [ rrr T rrr T T e T T T Tl — = 2-jet % 350 <mj; < Tl]()(:(-\«'|- --------------------------- - gg — H, > 2-jets, 350 < mj; < 700 GeV, pil <200 GeV
N " - — H ] >H f ", - v r - 0 - - y r \ r
g 1 __ |:] S|gna| selected A TLAS S|mu|at|0n — g B A TLAS !;l Targeted STXS reglon . y Z(— q)H + —] % 700 < my; < 1000 GeV ). -------------------------- - gg — H, > 2-jets, 00 < mj; < 1000 GeV, pi < 200GeV
— I ———— - - . ) - _ > 1000 GEV hressssssssasasssnsassrssasanasases . » H. > 2-iets. > 1000 GeV. p¥ < 200 GeV
@) = L E Slgnal re]ected E =13 TeV. 139 b 1 |_|_>,Y,Y - é L E =13 TeV, 139 fb 1, H_),YY L _ _ 1 Other STXS regions | % mj > « } gg — H, > 2-jets, mj; > eV, pi < c
@ C -—-—— ’ ’ ] 01 2 — ¢ Data sidebands —] 4(> 200 < pil < 3()()(;(\\:|. ............................................................................................... - gg— H, 200 < pi! < 300 GeV
— LL . Other processes = = _ H —
LL - === . B - 09— H, 1-Jet, 120 < p. < 200 GeV _ *JF 300 < pf <.15[)(‘;(,\r} ............................................................................................... - gg - H, 300 < pi < 450 GeV
— - H - - — T — - p—— ) NN
-E : gg - H, 1 -Jet’ 120 S pT < 200 Gev I E 0.1 | - I ] —f 450 (—“I"ll{ < 650 GeV I. ............................................................................................... - gg— H, 450 < 1"11‘[' < 650 GeV
(¢b) 1 0—1 E— — S — 1 + — pi > 650 GeV - gg — H, pif > 650GeV
— I — — —
LI>J = - J - + + ] - qq' — Hqq', O-jet
— : = 0-08 __ __ « qq' — Hqq', 1-jet
B : } | — — my; < 60GeV - qq' = Hqq', = 2-jets, m;; < 60GeV
- L. — ] /
_2 : ------- :- —— - . O -06 — — : I.{Q‘({-( + hadrons)H) ] — m;; < 350GeV —4% 60 <mj; < 1‘2(](2(?\")- ----------------------------- b qq’ — Hqq', = 2-jets, 60 < mj; < 120 GeV
1 O = ! = : : 4# 120 <my; < &r)()(l(r\"l- --------------------------- - qq' —» Hqq', > 2-jets, 120 < my; < 350 GeV
[ ---- _ — — P < 200 GeV prersrararararsnsnsnnnananininsananan o qq — Hqq', = 2-jets, 350 < m;; < 700 GeV, p < 200 GeV
— ! \ - 0.04+— — 350 < my; < T00GeV — -~ v b
| : il P | . | ] L > 2t — pAl = 200 GeV - qq' — Hqq', = 2-jets, 350 < m;; < 700 GeV, pif =200 GeV
1 - Jv
- - i ; 1 B 7] 00 Gy < 1000 Gev - qq’ — Hqq', = 2-jets, 700 < mj; < 1000 GeV, pi < 200 GeV
' - — ] —— 700 GeV < m;; < eV
1 0_3 [ . :' == O O 2 - — v pH > 200 GeV - qq' — Hqq', > 2jets, T00 < m;; < 1000 GeV, p > 200 GeV
— == ' 1 * - -
— _ i' -1 [ — | ® o d 000 et P < 200 GeV prarrrerenenn, - qq' — Hqq', > 2-jets, mj; > 1000 GeV, pi < 200 GeV
— '_ _ N I L] B [ ) = | | mj; = 1000 GeV — — — o » o .
1 1 1 | llI T T e = | ST P 1 ] | il ] ] il O - o O | O O O O 0 O | O O |‘l T T T T T [ D 2 (b L A = qq' — Hqq', = 2-jets, m;; > 1000 GeV, pff = 200 GeV
0 0.2 04 0.6 0.8 1 0 01 02 03 04 05 06 0.7 08 0.9 1 P < THGEV frressrersssssssesssansssssssssssssssasssssssnssssnsnsssssssassssasssnsssssenssasssssssassens - qq = Hiw, p¥. <75GeV
{_ ™ <ph < 15()(;(‘\'} ........................................................................................ . qq — Hiv, 75 < p¥. < 150GeV
. — qf — WH — - )
M U ItICIaSS BDT OUtpUt BDT Score {. 150 < 1,.‘11 < 25[1(;(\\"). ....................................................................................... - qq —» Hiv, 150 < 1;.‘1.. < 250 GeV
— - - qq —» Hiv, pY. = 250 GeV
ggF+ bbH  VBF WH ZH ttH tH , E} . pp — HIL, pY < T5GeV
: L V(- leptons)H —| — p% < T5GeV —|
Uncertainty source Ao [%o] Ac[%] Ac[%] Ac[%] Ac[%] Ac[%] (7 leptons e T T — L. op > Hu, pY, < 75 GeV
Theory uncertainties o5 < o7 < 150 GeV E .......................................... o pp — HEL 75 < pY < 150 GeV
— (0= I).-l-‘ < 19 eV —
. L b pp — Huw, 75 < p¥. < 150 GeV
Higher-order QCD terms +1.4 +4.1 41 £12 +2.8 %16 L p s 2H — i, ppo R = s R
: — Lecscscscncecncnsucssanssssasssarancnsnenes oo <pV ¢ eV
Underlying event and parton shower +2.5 +16 +2. +4.0 +3.6 +48 | 150 < pZ < 250 GeV Zo pp — HEL, 150 < pr <250 Gel
t - T “ x — r
PDF and oy < +1 +2.0 +1.4 +23 < +1 +5.8 % VA ,»,m} ............................................. L pp — Hui, 150 < pY. < 250 GeV
Matrix element < +1 +32 <+ + +2.5 + ) { Z -,(ﬂ*} .......................................... e pp — HUE, pY. > 250 GeV
. . . — L p% > 250 GeV —
Heavy-flavour jet modelling in non-t7H processes < %1 < #1 < +1 < +1 < +1 +13 "= ( { Z )m?} ............................................. b pp — Huw, pY. > 250 GeV
Experimental uncertainties et 0GRV s < tTH, pl < 60GeV
. 10 < D 120 (GEV basessssssssnsssssnsssasasssssssnsasesssasesssansssnssssansssssssnsssnnns «HH. 60 < pf < 120 GeV
Photon energy resolution +3.0 +3.0 +3.8 +4.8 +3.0 +12 0 < plf <120GeV] W, 80 = pr < 120 Gy
Photon efficiency +2.7 +2.7 +3.3 +3.6 +2.9 +93 ttH { 120 < pif < 2()[1(;(\\“'} ....................................................................... . tEH, 120 < pH < 200GeV
Luminosity +1.8 +2.0 +2.4 +2.7 +2.2 +6.6 —‘» 200 < pil < ;{()(](](\\‘rl. ....................................................................... . tTH, 200 < p¥ < 300GeV
Pile-up +1.4 +2.2 +2.0 +2.3 +1.4 +7.3 L i H +tH — pH > 300 GeV o TH, ph > 300 GeV
Background modelling +2.0 +4.6 +3.6 +7.2 +2.5 +63 : . LHW
Photon energy scale < #l <#l <zl 1.3 <zl 5.6 L et et e e - Ha
Jet/ EF"™ < =1 +6.8 < %1 +2.2 +3.5 +22
Flavour tagging < %l <+l <+l <+l +1.5 +3.4
Leptons < =+l < +1 < =+l < =+l < %1 +1.8
Higgs boson mass < =1 < =1 < %1 < =1 < =l < =1
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H—-vyy (EFT)

M.Donadelli

Coeff. Operator Incl. | Coeff. Operator Incl.
cG fAE€G4Y Gy G, " V| cgq (Gryut 4,)(Gsy" 7' g5) v
cw el KWL WP W, /| gy (@ryut’ as)(@sy*7" ar) v
cH (H'H)? Cyq (GrYuar)(@sy*qs) v
CHO (H'H)o(H'H) Vol ehy (GrYuds)(@sy"qr) v
CHD (H'D*H)" (H'D,H) VAR Gryut 1) (Gsy ! g5)

CHG HiH G, GAmY v C;Z> (B yulr) (@s7"5)
c H'HWL winrv v c éryuer)(esytes
i o I yeenr (e
CHWB H't'H W’VB‘“’ v C.4 (e','y,,er)(cfsy”ds)
cen HE G pgeaH) V| o Gty ) Gy ) /
Cu (H'H)(Gp (Y] pquqH) ol (i Yyus) (s y ) v
CdH (HTH) (qp [Y;]pqqu) v Cad (d-r?’ydr)(d-syﬂds)
CeW (l-po'”v [Yc:r]pqeq)TIHW;Iw C:id (d-r')’,uds)(fzs'}’#dr)

CeB (l_pU'#V[Y:]pqeq)H B,uv Cl(‘l) (ﬁr'qur)(Js')’”ds) v
CuG (q—po'#vTA [YJ]pquq)]EGﬁv v Cfﬁ (ﬁr')’;_zTAur)(Js’)’#TAds) v
cow (oot [Vl pqug) ' HW),, V| ¢, (Tryulr)(Esy*es)

CuB (Cipa'”v [Yi]pquq)H B,y v Cru (l—r?’ulr)(ﬁsyyuS)

CdG (qu'”VTA [Y;]pqdq)H Gﬁv Cra (l-r')’ulr)(d-s')’”ds)
caw  (Gpo*[Y)]pedg) T HW], Cqe (@ryudr)(@sy*es)

CdB (qpa'#v [YdT]pqdq)H B,y Ccé,t) (q-r')’uQr)(ﬁs'yﬂus) v
¢ (H'i D'LH) (1,7 y*1,) ol e® (@ryuTAq,) sy TAus) v
¢\ (H'i D W H) (ly*1,) VRIS (@rYudr) (dsy*ds) v
Chre (H'iD ,H)(&ry"er) VAR (@ryuTAqr) (dsy T*dy) v
¢ HUDLH) G V| (B ¥ 1 pgeq) (@, [Yal )

chr (H'i'D ,H)(Gry*qr) el o (@Y g€ (GE Y]] sds)

e (H'i D . H) ity ur) oL (@Y psug)ein (@ (Y rqds)
Cad (HTi(B)uH)(Jr'yﬂdr) v C(i)qd (qJéTA :YJ:pquq)Ejk(CifTA [Y;]rsds)
Chua (H'ID H)(@py* [YuY )] pgdy) E’B;d (GpTALY )] pstuq)€jk (FETALY S qds)

i (l—r')'ulr)(l-s'yyls) cl(:;u (l—{) :Yg]pqeq)fjk (q-:-( [Yj]rsus)

¢l (Lryuls) Ty L) ol el (ot Y] pseq) €k (R oy [Yalrqus)

arXiv:2207.00348
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Phys. Lett. B 812 (2021) 135980

Search for H— up

Selection

Primary vertex

Two opposite-charge muons
Muons: |n| < 2.7, p?ad > 27 GeV, p%“blead > 15GeV (except VH 3-lepton)

Common preselection

Fit Region 110 < my, < 160GeV
Tets pr > 25GeV and || < 2.4
or with ptr > 30GeV and 2.4 < || < 4.5
ttH Category at least one additional e or u with pt > 15 GeV, at least one b-jet (85% WP)

V H 3-lepton Categories p%?b'ead > 10 GeV, one additional e (u) with pt > 15(10) GeV, no b-jets (85% WP)
VH 4-lepton Category at least two additional e or u with pr > 8,6 GeV, no b-jets (85% WP)

ggF +VBF Categories no additional u, no b-jets (60% WP)
Category Data Ssm S B S/NB S/B (%] o [GeV]
VBF Very High 15 2.81 & 0.27 3.3 £ 1.7 14.5 £ 2.1 0.86 22.6 3.0
VBF High 39 3.46 £ 0.36 4.0 £ 2.1 32.5 £ 29 0.71 12.4 3.0
VBF Medium 112 4.8 £ 0.5 5.6 &+ 2.8 85 £ 4 0.61 6.6 2.9
VBF Low 284 7.5+ 0.9 94+ 4 273 £ 8 0.53 3.2 3.0
2-jet Very High 1030 17.6 + 3.3 21 + 10 1024 + 22 0.63 2.0 3.1
2-jet High 5433 50 £ 8 58 £ 30 5440 £ 50 0.77 1.0 2.9
2-jet Medium 18311 79 £ 15 90 £ 50 18320 £ 90 0.66 0.5 2.9
2-jet Low 36 409 63 = 17 70 £ 40 36 340 £ 140 0.37 0.2 2.9
1-jet Very High 1097 16.5 + 2.4 19 + 10 1071 + 22 0.59 1.8 2.9
1-jet High 6413 46 £ 7 54 £+ 28 6320 £ 50 0.69 0.9 2.8
1-jet Medium 24 576 90 £+ 11 100 £ 50 24290 £ 100 0.67 0.4 2.7
1-jet Low 73459 125 £ 17 150 &= 70 73480 £+ 190 0.53 0.2 2.8
0-jet Very High 15986 59 £+ 11 70 £ 40 16090 £ 90 0.55 0.4 2.6
0-jet High 46 523 99 £+ 13 120 £ 60 46 190 £ 150 0.54 0.3 2.6
0-jet Medium 91392 119 + 14 140 £ 70 91310 £ 210 0.46 0.2 2.7
0-jet Low 121 354 79 £ 10 90 £ 50 121310 + 280 0.26 0.1 2.7
VHA4L 34 0.53 £ 0.05 0.6 £ 0.3 24 +£ 4 0.13 2.6 2.9
VH3LH 41 1.45 £ 0.14 1.7 £ 0.9 41 £ 5 0.27 4.2 3.1
VH3LM 358  2.76 £ 0.24 3.2+ 1.6 347 £ 15 0.17 0.9 3.0
ttH 17 1.19 & 0.13 1.4 £ 0.7 15.1 £ 2.2 0.36 9.2 3.2
/70
M.Donadelli Highlights from ATLAS - LISHEP 2023


https://arxiv.org/pdf/2007.07830.pdf

Search for H—cc

M.Donadelli

Eur.

Phys. J. C 82 (2022) 717

Common Selections

Central jets
Signal jet pr
c-jets

b-jets

Jets

p¥ regions

AR(jetl, jet2)

> 2

> | signal jet with pt > 45 GeV
One or two c-tagged signal jets
No b-tagged non-signal jets

2,3 (0- and 1-lepton); 2, > 3 (2-lepton)

75-150 GeV (2-lepton)
> 150 GeV

75 < p} <150 GeV: AR <2.3
150 < p} <250 GeV: AR < 1.6
py >250GeV: AR < 1.2

0 Lepton
Trigger EsS
Leptons No loose leptons
E,‘;"iss > 150 GeV
pro > 30 GeV
Ht > 120 GeV (2 jets), > 150 GeV (3 jets)

min [A¢(ETS, jet)]

> 20° (2 jets), > 30° (3 jets)

IAG(ER™S, H)| > 120°
|A¢(jetl, jet2)| < 140°
AG(EF™, pp™) < 90°
1 Lepton
Tricoer e sub-channel: single electron
S8 jt sub-channel: E7SS
Leptons One tight lepton and no additional /oose leptons
E.‘{‘;SS > 30 GeV (e sub-channel)
my < 120 GeV
2 Lepton
Trigger Single lepton
Lentons Exactly two loose leptons
P Same flavour, opposite charge for uu
meg 81 < mpr < 101 GeV
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https://arxiv.org/pdf/2201.11428.pdf

The shape of the potential matters

Measurements of HH can provide discrimination between different scenarios and models...

Phys. Rev. D 101, 075023 \/\/ /MA u \/J

Landau-Ginzburg Higgs Nambu-Goldstone Higgs Coleman-Weinberg Higgs Tadpole-Induced Higgs

... but measuring triple-Higgs production at a future collider (e.g. 100 TeV machine) will
be needed to detine the exact shape ot the potential.
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Search for pair production of third-generation leptoquarks

arXiv:2303.01924 (Submitted to: EPJC)

® selection in Tiep Thad, ThadThad

® PNN inputs consist of a combination of multiplicity, kinematic and angular quantities

® bt invariant mass, the most likely combination of the z-lepton and a b-jet is chosen based on a mass-
pairing strategy that minimises the mass difference between the two resulting LQ candidates

Thep Than chiarmel o channel Variable TlepThad Cchannel  ThadThad channel
— ¢ 2 ’ ¢ ’ ()
| (13 signal’ e or u No ‘veto’ e or u Thad-vis pT v v
e /u selection pT > 25,27 GeV
pk > 21,27GeV ST 4 4
Thadvis Selection = 1 Thad-vis = 2 Thad-vis N b—jets / /
ad-Vvis
pL > 100GeV p+ > 100, 140, 180 (20) GeV .
- >T2 jets m (T, ‘]et)o’ 1 /
Jet selection pjTet > 45 (20) GeV m (59 Jet), m (Thada Jet) ‘/
I or 2 b-jets AR (1, jet) v v
Opposite charge e, (i, Thag and Thaqg Ad (€ Emiss /
Additional select mMMC ¢ 40 — 150 GeV ﬁi(gg’ T ) ,
itional selection E?iss > 100 GeV ET 8¢ ¢ centrahty V4 V4
ST > 600 GeV

| /3 L
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https://arxiv.org/pdf/2303.01294.pdf

Measurement of tt/Z cross-section ratio at 13.6 TeV

Category Uncert. [%]
Ot o ?ﬁ 2340 Ry; /Z
tt tt parton shower/hadronisation 0.6 0.2 0.7
tt scale variations 0.5 0.1 0.5
4 Z scale variations 0.2 2.9 2.9
Bkg. Single top modelling 0.6 < 0.01 0.6
Diboson modelling 0.1 < 0.01 0.5
Mis-Id leptons 0.6 < 0.01 0.6
Lept. Electron reconstruction 1.6 2.3 1.1
Muon reconstruction 1.3 2.4 0.3
Lepton trigger 0.2 1.3 1.1
Jets /tagging Jet reconstruction 0.2 <0.01 0.2
Flavour tagging 1.9 < 0.01 1.9
PDF's 0.5 1.4 1.3
Luminosity 10.3 9.6 1.3
Systematic Uncertainty 10.8 10.7 4.4
Statistical Uncertainty 1.5 0.1 1.5
Total Uncertainty 11 10.7 4.7

74
M.Donadelli Highlights from ATLAS - LISHEP 2023



Example HL-LHC expectations exceeded

ATL-PHYS-PUB-2014-016
ATLAS Simulation Preliminary

's =14 TeV: |Ldt=300 b ; [Ldt=3000 b

H—yy (comb.

A~ A~
— O
— C—

(VBF-like
(WH-like

(ZH-like

(ttH-like

H—ZZ (comb.
(VH-like

(ttH-like

(VBF-like
(ggF-like
H—WW (comb.

AN
= C— -
N e S | N | N N N | N | N N S S | N N N S N | N N S S S e’ e’

)
—h
o

(VBF-like
H—Zy (incl.

R~ (comb.
H— bb (WH-like

(ZH-like

H—ott (VBF-like
Houu (comb.
(incl.

(ttH-like

M.Donadelli

Nature 607, 52-59 (2022)

ATLAS Run 2 e Data (Total uncertainty) |4 Syst. uncertainty "7 sM prediction
| | | | | | | I | —I5 (I) ? 1I0 | |
tH &
A | 1A Hez | 88— o1
ttH Fe e
ggF+bbH % # ] . 8
VBF . . ¥ #]
WH 3 7 4 e
HeH .
ZH I?I e o—
| | | | | | | | | | | | | | |
0o 1 2 1 2 3 4 0 1 2 1 2 3 0 1 2 01 2 3 4
bb ww TT 27 YY MU

¢ X B normalized to SM prediction

u=1.05 = 0.06

=1.05 * 0.03 (stat.) = 0.03 (exp.) = 0.04 (sig.th.) + 0.04 (bkg.th.)

® ATLAS Run 2 results comparable to 2014 HL-LHC projections!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/
https://www.nature.com/articles/s41586-022-04893-w

Example HL-LHC sensitivity to kj

Projection studies for H— bbyy + bb1T + bbbb

20

_2AIn(L)

16

12

ATL-PHYS-PUB-2022-053

e Combining bbyy,bbTtT,bbbb

* Baseline - experimental uncertainties
scaled, and theory uncertainties halved

_____________

fIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ATLAS Preliminary

Vs =14 TeV, 3000 fb~

HH - bbyy + bbt* T~ + bbbb
Projection from Run 2 data

. Asimov data (k) = 1)

—+— NO syst. unc.
-—o— Baseline
Theoretical unc. halved

| —+— Run 2 syst.

A
Ol Y/
AL 7/
A A A LSOOI v
VVVVVVVVVVV
AAAAAA
/
AL A
AL Y
4o OV
_AA

I &
®

Vh
VR . A P A
I I v \,\ 4\ '\x.\'t.\ ",.-—l»f" Al ALF 4 I I I I I
v P o
L1 | I | (R v O s T T A I | I | I I | I | L1 1 ]

IIII'I

Significance [o] Combined signal
| Uncertainty scenario bbyy bbt*t~ bbbb Combination | strength precision [%]
1 No syst. unc. 2.3 4.0 1.8 4.9 —21/+22
4 Baseline 2.2 2.8 0.99 3.4 -30/+33
_| Theoretical unc. halved 1.1 1.7 0.65 2.1 —47/+48
1 Run 2 syst. unc. 1.1 1.5 0.65 1.9 —53/+65

Uncertainty scenario kK 68% CI k3 95% CI

1o 1

M.Donadelli

1 2 3 4

95%

i No syst. unc. 0.7,1.4] 0.3, 1.9]
68% Baseline 0.5,1.6] 0.0, 2.5]
- |8 Theoretical unc. halved [0.3,2.2] [-0.3,5.5]

K Run 2 syst. unc. 0.1,2.4] [-0.6,5.6]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/

Example HL-LHC sensitivity to kj

Summary of the systematic uncertainty scale factors considered HL-LHC baseline scenario.

Source HL-LHC Scale Factor

Experimental Uncertainties e Combinin 9 bbYY,bbTT,bbbb

Luminosity 0.6 .

Electrons and muons efficiency 1.0 ® Scenarios:

b-jet tagging efficiency 0.5 1. No systematic uncertainties (optimistic)

c-jet tagging efliciency 0.5 BT o TR T ——y
Light-iet tagging efficiency 10 2. Baseline - experimental uncertainties scaleq, ij
Thad-vis €fficiency (statistical) 0.0 tand theory uncertainties halved o]
Thad-vis efficiency (systematic) L0 3. Theory uncertainties halved - but with Run2
Thad-vis €Nergy scale 1.0 . . oo

Fake-1.q . estimation 10 experimental systematic uncertainties

Jet energy scale and resolution, EM' 1.0 4. RunZ systematic uncertainties (conservative)

K, reweighting 0.0

Theoretical Uncertainties 0.5
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