h*

Lde{g:\je, birthplace of Zeus, ATLAS’ cousin
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The ATLAS detector at LHC |

¢ A ‘general purpose’ detector
¢ 1% measurement of muon momentum and electron energy
¢ Excellent calorimetry for jet energy and missing energy

¢ Triggering on muons, electrons, photons and jets




Seoncs nd . v WARWICK
Facilities Council ) THE UNIVERSITY OF

Z — p'u” Candidate

Invariant Mass: 91.01 GeV/c?

EXPERIMENT

Run: 427394
Event: 21060879
2022-07-05 19:04:33 CEST
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ATLAS Ehxsics overview |

¢“LHC iIs a general purpose collider
¢ pp collisions allow many possibilities
¢ ATLAS physics programme is very broad: 1085 papers

Title

Standard Model 199 EW & QCD studies: W & Z bosons
Higgs 153 Studies of the H(125)
Top 126 Top quark studies

B physics 35 B hadron studies and light states

Heavy lon 78 Collective effects, strong EM field
SUSY 161 Searches for Supersymmetry
Exotics 216 Other searches
HDBS 23 Searches: Exotic H decay, new H,

HH, VV, VH (V=W,2)
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Alternative view: this meeting )

“Run 3 performance — Pawel Klimek
10 years of Higgs — Brian Moser
“Recent Searches — Eirik Gramstad
¢Top quark physics — Peter Berta
¢Rare top — Chenliang Wang
“ATLAS upgrades — Geoffrey Mullier
«Dark matter search — Alex Wang
¢Prompt SUSY — ShuHui Huang
“W/Z/top tagging — Qibin Liu
«3" generation searches
— Meng-lu Tsal

“Recent Higgs — Soshi Tsuno
¢Higgs mass/width/CP — Brian Le
“Higgs couplings — Georges Aad
vHiggs pairs — Alessandr Betti
¢Higgs fiducial/differential

— Yasuyuki Horii

«Additional Higgs bosons — Noemi Cavalli

¢Top precision measurements — Adam
Rennie

“Run 3 data results — Stefano Rosati

“ATLAS new small wheels — Lorne Levinson

«JET/MET performance — Romain Bouquet

¢Heavy lon results — Martin Spousta

¢Heavy Flavour results — Unberto de Sanctis

«Challenging/LLP searches — Maria Didenko

«Photons/Multijets — Josu Cantero Garcia

¢ATLAS demographics — tbd

«SUSY with prompt — ShuHui Huang

«SUSY with LLPs — Kock Kiam Gan

“Exotic Hadronic — Ivan Yeletskikh

«Photon fusion and tau g-2 — Haifeng Ll
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Trigger system )

w
u

¢Key to all physics at LHC g |amas mosergeerston — _cwen .
¢Reducing 40 MHz e
collisions to order(few KHz) %.,|
¢ Adapting to LHC &)
luminosity
“One fill in 2018 shown >

005500 11:00 13:00 15:00 17:00 19:00
Time [h:m]

¢ Main physics dominates

bandwidth

@ ely pr>27 GeV, 2x~200Hz
@ T pair, pr>35/25 GeV, 100Hz

30

ATLAS Trigger Operation
HLT stream rates
25} pp data, September 2018, Vs=13 TeV

mmm Trigger-level analysis
20| = B-physics and LS

HLT stream rate [kHz]

© Jet, pr>460 GeV, 40Hz = e
© MET > 110 GeV, 90Hz 15/ o Weriarng

Calibration

¢ Trigger-level analyses
have highest rate 5P
«95.6% DQ eff. in Run 2 0

09:00 11:00 13:00 15:00

17:00 19:00
Time [h:m]
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Performance and modelling )

- : g > T R o e 1
¢Efficiency high, with [ —
. . . : o I ]
limited pileup impact =
== eData oMC
Design 0.51 = Tight muons _
- ATLAS —#- Medium muons _|
| Vs=13TeV, 1391 Loose muons |

—
T4

Data efficiency
Data/MC

«Excellent MC Modelling
¢ Correction factors measured
In data are applied,;
generally close to 1

Data/ MC

15 20 25 30 35 40 45 50 55 60
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Standard Model Production Cross Section Measurements

Status: February 2022

r—
Q AQ total (x2) .
o 101 nelastc ATLAS Preliminary
— incl Theory
™ >100 GeV
S - \5=578,13 TeV
10 = pT>7&GSV LHC pp Vs =13 TeV E
N < BBl  Dae 32-1391! i
5 dijets Er>
10° F 25 GeV -
3 pr>100GeV A 3
C LHC pp Vs =8 TeV .
10* F 0 0 Bl Data 202-203fb" <
: Ov :
B pr> i
30 GeV _
103 F = T T B LHC pp Vs =7 TeV i
E 125GV 100Gev A g XA E
F O o Ov wa - BBl Data 45-491b! .
5 B A 222 30 Gev O VH/ .
10 nj>1 o nj021 Vﬂ oWZVKVWW
n;>3 pT > D o o total
A A~ 100GV, Az K wD
22 =170 po O A
]_ LS D zZ 77 n v
10 A nj>4 pr>25 GeV o
nj>3 A >3 njz4 A a0 w
i Q o njz A ¥
nj=2 o O +
njz3s 0 j 65 s-chan H_’(gMg/F‘)/V YA\ n AO
nz O WWW tot.
1 = An 164 njée o . DA A oo o : w ot :
- AR e 5 n=7 Hott  Howwt HQ%E 8z WWZ tot. Wi .
B A i (<0.5) SR A i
10_1 L o (o) - (x0.25) ttw A &02 AQ
3 =4 o el 4 O H—2zZ"* (o] A 15
F A ' nj=6 A o O 3
2 B u7 Hoyy Hor Zjj n W | N
- nz (x0.15) A vy tota
10 EE 27 =9 n o o A AD R WiW?
N | i Hoyy Hoyy Z o O O .
- ANl (x05) 4
A 7z N
10_3 1= H—4¢ n n
H=yy owz
O Wwwy a
PP Jets Y w Z tt t vV Yy H Hjji VH Vy ttV ttH _Wwyv Yyvy V‘)")/Z’)V:IJKJ VVijj
tt)’ ij tftf yy—->WW
tot. tot. VBF tot. tot. EWK

EWK
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Total pp cross-section swowzses )

\A4

WARWICK

THE UNIVERSITY OF WARWICK

“ALFA subdetector vl SR
¢ Scintillating fibres close
to the beam 2 a
¢ 240m forward and qﬁmllp’“mz e S ——
backward e -
“Run with 3* = 2.5km
¢Measure mandelstam ‘t’ 237 M,
distribution i p—
¢ Extract cross-section o
using optical theorem e
¢Find: 0=104.7+1.1mb T,
« Most precise, limited by lumi i
¢Also p=0.0975+0.0106 SR
¢ Ratio Re f(0)/ Im f(0)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-08/
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y/ Wlth jEtS STDM-2018-49 '

g Z g q _ I ———SS
8 [ amas | ¢ Data, stat. unc. &~ SHERPA 2.2.1 '
Z §7 [ Vs=13TeV,139fp" NTotalunc. — — Hiae alCPys
S 1k Z+21et s MG5_aMC+PY8 FxFx -
3 pszOO GeV f ]
. | ? 3 | ; No) ﬁ%‘&ﬁ;@;ﬁgﬁ% % ]
¢Z - Il with high pr jet 2o TEEE ;
Im to discriminate two A % s cezset aoest g e
diagrams above . - i
¢Right: AR, pr>500GeV 0%
¢NLO multi-leg generators &
describe challenging g 02
situation well -
05t v by by b b by by g by

0 0.5 1 1.5 2 25 3 3.5 4
ARQ}”



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-49/
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Higgs boson: 10 years on )

«The defining discovery of the LHC
¢“Decays to ZZ, yy, WW, 11, bb: all observed at 50
vSame for ggH VBF, VH and ttH production

58.26 % bb

2.89 % cc

¥ 276 % ZZ v

C il 0.2% %Z % 1T v
Phaistos Disk, 1908 Hjggs BRs, 2012: now less mysterious :)

0.02 % up

21.38 % WW v
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Hto ZZ & MasSS HicG-2020-07 '

¢«Clean ZZ mode used for much

v k > AL UL RN I R A LU L U R U B
¢ Fig is from mass paper & [ ATLAS S
R N120—H%ZZ*%4|_1 e 2 —
“MH:12494101969V ; [ Vs=13TeV, 139 XX, VWV i
. — p B Zijets, i -
¢ Stat dominated 5 100 /W
¢ 28 MeV unc. from pu prscale Y g T -
© (Run 2) ;
60
ATLAS — ;otalo 40 :
H— 7Z* — 4l tat. Only -
{5 =13 TeV, 139 fo! [0 Sys. Only
i | i 20
de I —— | 12451+ 0.73 (£ 0.73 Stat.)
S Lﬁ'ﬁmf’-?’“"ﬁ" sosasi) 0 110 120 130 140 150 160
_292u |—L—| 125.01+0.29 (£0.29 Stat-; m4l [GeV]
_4u |—|§|:—| 12493 £0.29 (+0.28 Stat-;
oo e o) €0.15% from single channel
BRI - 2494 + 0418 (=017 51 ¢ More to come (y'y)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-07/
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Hto vy  hice-2020-16

——— —1 T T —
> 2500 " =
ATLAS Vs=13TeV, 1391 | $§°F ¢ Data o "
. 195.09 GeV o5 g - Backaround Vs=13TeV, 139" 7
—>yy m = ! e |yH|< . 2 20001 ackgrou m,=125.09 GeV
. - 93% (o)) - E— i i =
|-®4 Obs + Tot. Unc. .Syst. unc. I SM + Theo. unc.  p-value = 93% ‘S Slgnal + Background All categories —
Tot. Stat. Syst. ; 1500_ _—
o 067 20 (203 ) = In(1+S/B) weighted sum 7
, Odet, bt 027 \ ~025 ~0.10 5 - S = Inclusive .
gg—H, Oet, 10 <p!' < 200 == 128 20 (D01 som) = 1000 =
ag—H, 1et, pt < 60 |-r—| 1.07 *9% (fggi fg”) 03) - .
gg>H, 1et, 60 <pll< 120 ——i T 0 o) 500E- —
gg—H, 1-jet, 120 <p!' < 200 p————] 1.0 792 (792 153) = s
gg—)H,22—jets,mﬁ<350,p:<120 —C—== 0.6 tgg (tgg tg?) - | | | ] | R
9g->H, 22-ets, m, <350, 120 < pl' < 200 e 18 58 (o 5l ) _Q’ 100F
gg->H, >2-ets, m, 350, p¥ < 200 | — 1.0 *og (o8 103 ) 28] c
gg-H, 200 <t < 300 —— 1.6 9% (fgﬁj fg?) = 505_
gg-+H, 300 < pl' < 450 —c—— 0.2 tg:g (fg:i ig}) 8 Ols
ggaH,p:2450 lI g . 21 t]? (tjl? tgg) | —50 L
e 09 [+08 +03
qq'—Hqq', <1-jet and VH-Veto —_—————| 0.9 to_s (to_a toz) .9 110 120 130 140 150 160
qai—sHqq, >2-ets, VH-had |—+—|| 02 55 Uie = ) 8 m,, [GeV]
aq—Hag’, >2ets, 350 <m, <700, pt! < 200 —— 1.2 ig:g (fg:g fgi)
aq'—Hag', 22-jets, 700 <m, <1000, p}' < 200 [=————C——] 1.4 tg;é (fg:é tg‘;)
i o o T wsCis) e Thousands of events
qq'ﬁqu',ZZ-jets,350§mﬂ<1000,p:2200 [ S S— 0.2 jgé (+gé tg})
aq'—Haq’, 22;ets, m, 21000, p}' 2200 | a— 1.6 fg:g §+8§ fégg W r in m n
— rECE ¢ Allows probing many
qa—Hlv, p! > 150 i -o- J 16 153 (+c1Js13 tg})
pp~>HII/vv,p2’<150 N—.—| -0.6 tgg (+8g tg:)) I
w2 | e 04 1 (h %2) proauction moaes
tH, pt < 60 —_— 08 57 (07 o1 )
e s 742 (18 ) ¢ F. VBF, VH, ttH
1tH, 120 < pf* < 200 — 0.6 o2 (55 01) - ; t
ttH,ZOOSp:_'<300 ——— 1.2 tg:g (+82 tg}) S— +0 10
—t—s won ) (everall J=1. -0.09
A PP R B I B B B I



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/
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H to yy VBF HiGG-2020-08 '

«Use angle between recoll jets = o —

In VBF _ g 70 B 13TeV, 120 15 E

¢Construct optimal observable 5 s me=[8 1521Gev E

¢Test CP violating couplings & *c +p= o E

2 : ; S ,F [ VBF(SM) R s

¢ e.g.d, aCPviolating EFT § " mrmase 4 4 SdE

coefficient in HISZ @ zz_ | E

+ — —

S o L

é 250 ATLAS e Epcomb — b Gomd $ L CIverem E

X - Vs=13TeV,36-13916" ... Exp. H—>yy — Obs.H— vy ] é 0: {::}VBF@:0.0(S) N

A 203 o Exp.Hott — Obs. Hos e _,‘IE 5_ L..; VBF (0=-0.06) =

_ : e e —

15F -6 =4 =2 0 2 4 6

= 00

o Results (combined with similar H - T1):
95%CL5;_ ‘0012 < d < 0030 (68%)

oo oL F Most stringent limits on CP in H-VV

o018 coupling



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-08/
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Hto 1T decay ATLAS-CONF-2022-032 '

«Decay angles sensitive to

[2]
S 4| ATLAS Preliminary @ gata bost i) -||\_|/|'—)'ij (I%?st(-jfit)
> 1 — 4 B Z—1t (best-fi isidentified T —
; : o 10 = 15=13TeV, 139 fb" g Other backgrounds— -t (g, = 09
CP coupling to fermions = GO ey (52500
B Boost 0 Boost 1 VBF_0 VBF 1 7|

¢ Constrains mixing phase as
0+16°

10
B LN L I RN UL R I IR I SRS W
72:]’ 75 ATLAS Preliminary —— Observed: § = 9+16° (68% CL)
! - Vs=13TeVv, 139" ... Expected: 3 = 0+28° (68% CL) 7 1 . —
6= S o) - .
C ] o 2 —
5F E S G tat H# E
R e e R R R e § 1?;*%’*‘;&*;#%—* ZL O o S +’ ﬁ
41— ] C
- - % 5 10 15 20 25 30
3 —] ¢* bin
C ] cP
25_'_22::: ............................................................. 2 Q‘_I_E
iE 4 «Data gave unusually good
I S ST
0 80 60 40 20 O 20 40 60 80 error



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-032/
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H tO I_l ” Phys. Lett. B 812 (2021) 135980 '

¢‘Simple’ bump hunt

«20 categories of pr,
eta, VBF. VH, ttH

«Approach like yy, but:

¢ 10 times lower rate
¢ large Drell-Yan bckd.

[T | l | EELEE

ATLAS Vs=13TeV, 139 fb" H — up

e Total Stat. EESyst. | sm Total Stat. Syst.
VH and ttH categories | —e— ] 5.0 £35 ( £33, £1.1)
ggF O-jet categories —&— 04 £16 ( £1.5, £0.3)
ggF 1-jet categories = 24 +12 ( 1.2, £0.3)
ggF 2-jet categories @] -06 £1.2 ( 1.2, +£0.3)
VBF categories - 1.8 £1.0 ( £1.0, £0.2)

. | +0.2
Combined HH 12 +06 ( £06, o7 )
| 1 1 1 1 | | 1 1 1 | 1 1 1 1 [ 1 1 1 1 | 1 1 1 1 l | | 1 1 I
-10 -5 0 5 10 15 20

Signal strength

700 |||||||||||||||||||||||||||||||||||||||||||||||||

> — =]

8 - ATLAS -¢-Data -

o 600 Y{s=13TeV,139fb" —_ gotal ?dg f —

- = . — Signa =

% 5004, H — ui, In(1 + S/B) weighted Bfg_ pdpf =

o 400F =

3 - g

£ 800E- E

R — -

o 200 —

= - 3
100~ —

. -

X

o

©

©

(m)]

110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

«Significance: 20 obs

(1.70 exp. SM)
¢ Statistics dominated
¢ 2" generation in sight!



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
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Interactions with all particles? |

Nature 607, 52 09 (2022)

“Interaction should scale s Frasrns .
. S 1 =
with mass < F g,
«Confirmed for vector o 'Sag;epf::;jff S
bosons and all 3" s -
generation fermions 10 I

¢ Save v F ve | v ] ve][ o [ 1

of, | -

«2"! generation fermions 0k L (]
now being constrained ;T T o T
too BLL 12F K

~ 1 i I = & F

: i{ i

0.8 Wl 5 | | ]

107 1 10 10°
Particle mass [GeV]



https://www.nature.com/articles/s41586-022-04893-w
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Top cross-section @ 5 TeV tora-2018-40

«5.02 TeV data S . ATLAS  epma20t7(08
2 (s =5.02 TeV, 257 pb”" [l Single top I W+jets
¢ Collected as PbPDb reference & = B8 Other big. IMIs-ID lepton
[+>5j2b 77 Uncertainty

¢ |l and I+jets channels 100} Pre-Fi
¢ ot =67.5+0.9(stat.) = 2.3 (syst.) 80}
+1.1(lumi.) £ 0.2 (beam) pb &

b

401
g S0 il L L I I LR LI B | I L WL - i
oF - ATLAS ] 20
5 [ ®eu+b-tagged jets 7
] | A [l+b-tagged jets i '8 0
o v [ +jets a 1 '25
w - —
s B Vs=13TeV,<139fb" | % 0.75
e Vs=8TeV, 20.2 b Q o5
% Vs=7TeV, 461" —1 —08 06 04 02 02 04 06 08
£ 42 Vs=5.02TeV, 026 fo" —| BDT output
—— NNLO+NNLL (pp) ] -
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 _ G d m t th
m=172.5 GeV, PDF+oy4 uncertainties from PDF4ALHC | H OO ag re e e n WI
v b v by v b v b b v b b v b by a

i expectations to 4% precision
) ¢ Similarto 13 TeV

sz “Allows theory comparison
- across wide energy range

Ratio wrt CT14  Ratio wrt PDF4LHC



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-40/
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B fragmentation in tt rora 201640

: £5 K N e L

¢Use top as source of high-prb ¥ - —+— Data ]
< 3 - —— Pow+Py8 A14 rg = 0.855 a£5" = 0.127 + i_+j

qu arks 2 - aMC@NLO+Pythia8 1 kA

. — 2.5 - -~ Pow+Py8 Monash F===

¢ Analyse using charged tracks , - -~ PowsPy8 Monash Peterson } .......... 3

¢ Plot z.», pr fraction coming 5 E aTras Rl
from secondary vertex  Evs=13Tev,3ebt g E
cUnfold to particle level 05 s E
«Comparison between simulations 2“"’“ e H:j:::}..{..{...}:.::
. . 1 - ym——m e ]
interesting § 1oL . i

¢ Generally in agreement 2 10 e
¢«Complementary to LEP Z-bbas & . ——— | """ o

here b are colour connected to 0 01 02 03 04 05 06 07 08 09 1
the beam remnant zeh,



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-40/

Science and
LR, W. Murray 25 WV WORWICK

Single TOp plus photon ATLAS-CONF-2022-O13'

b e I R R RN R AR R AR EAL AN EARE) REREY RAEEY RAE
§ 22005_ ATLAS Prelminary @ Data Mgy
w - Vs=13TeV,139 " [ Jt(—lIvby)q [ltty
2000 > 1fj SR B Wy +jets IZy +jets
1800:— Post-Fit BWe- v [l Other prompt
- Llh-vy []Fake leptons
16005‘ 777 Uncertainty
14001~
1200

1000
800

¢Final t+EW boson channel 0
epry > 20 GeV 400
«Observed fiducial o Is: 200

580 *+ 19 (stat.) £ 63 (syst.) fb. 8,
¢ Expected: 4063, fb. s
S 0.95E

0.95

0 01 02 03 04 05 06 0.7 08 09 1
NNout



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-013/
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tf Chal‘ge asymmetry TOPQ-2020-06'

N(Aly:i| > 0) = N(Aly:z| < 0)

Al = . «Symmetric at LO, but at NLO
C = N(Aly,l > 0) + N(Aly| < 0) éa i b as e
T ]
o 8005— ATLAS 5[_)ata W Z+ VX ] appear
£ E Vs=13TeV, 139 fo’ g Fake - ' b
L%, 700F  post-marg. (Incl.) -\é\i/;;;stopDUncertamty_; v InC Ac—OOOGSi 00015,
600 ¢ 4,70 from zero
sooF 1. [ ][ L—W . | , . .
400 . o = 0.08f — NNLOQCD +NLOEW  ATLAS |
- e/u + Jets : e/u + Jets . . _ 1
3005_ resolved 1b resolved 2b E 0.06 S gt:u =0.5 Vs=13TeV, 139 fb
200 F i E 06 —— C8=1.0
1005_ 3 4 combination
I —— i : 0.04r 4 single-lepton
S . —— 1 =0 +
1.4F pre-marg. : < 002! 1 -
-8 1.. ...................... Qoooooddoo DT, - =0 [ S (hoaoooooooee ...
- : 0.00¢
= 1_1f— post-marg -
o ; —0.02}
] SRS S PPFIT ST -
E ] \j
B — = —0.04¢ - - - - -
S 2 5 @ S 2 m @ Ay < 0.5 [0.5,0.75][0.75,1.0] [1.0,1.5] > 1.5
s s s 9288 o my; [TeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-06/
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Run 2 TOp Mass in l1bb Aras-conF-2022-0s8

“Mip=172.63 £ 0.20 (stat) = 0.67 (syst) £0.37 (recoll) GeV

¢ Recolil uncertainty (Brooks and Skands ) new
vMatches 172.69 £ 0.48 GeV ATLAS Run 1 combination
& 36fb-1 13 TeV 174.41+ 0.39 (stat) £ 0.66 (syst) £0.25 (recoil) GeV I
wc/f 171.77 £ 0.38 GeV recent CMS (see J Fernandez talk)

>

job) H— .

(O] 3000 ATLAS Prellmlna_?f E data, dllepton B ATLAS Prellmlnary mtop summary - November 201 8, L =46 fb»1 -20.3 fb~1
ol s=13TeV, 139 1b 4 int

~ - Mygp = 172.63 £ 0.79 GeV . m,, * ot (stat*JSF +bJSF +syst)

.."B = all jots . Fvs . TS E01S) 158 L —) 1751 + 1.8 (14 +12)

GC.) 2500 single top* AT-ASCONF2014055 4 1722 £ 21 (o7 +20)

= = I4+jets Eur-Phys-. 075 (2015) 330 [ ) HH,L—l 1723 + 1.3 (02 +02+07 +10)

L L,=4710 [

Phys. J. C75 (2015) 330 |-:—|qH—| 1738 + 14
3 1 N - N

II\\|IIII‘\
=3
o}
gl
o
3
Pl
‘M"

(
44444 (05 +13)
1
2000 — dilepton "> . 5761 (20161350 e 173.0 + 0.8 (04 +07 )
int '
— all jets YHEP 09 2017 118 B — 1737 + 1.2 (o6 +10 )
me =202fb 1
1
— |+jets arxiv:181001772 | 1721 + 09 (o4 +08 )
1500 o '
s Eur. Phys. J. C74 (2014) 3109 L 25
3 o(tt) dilepton L ~4620a1" : 1729 =+ 5%
| Differential o(tf+1-jet) *HEP 10 2015) 121 ; 1737 + 28
Lm‘ =46 fb A
1000 | Differential o(tf) dilepton (8 dist.) & P . 077 @01 804 — — 1732 + 16
— int - 1

1
\\lllllll\lll\\llIIIIIII\IIIIII\II\I : """ ATLAS Comb. + 1c

. f stat. uncertainty
AT:.;S&?C?I;SB October 2018 (axiv:1810.01772) 4 stat. ® JSF @ bJSF uncertainty
'

E 1 05 : total uncertainty
:@ 1 | | ! | *Preliminary[ —Input to comb.
8 0.95 165 170 175 180

185
My, [GEV]

90 100 110 120 130 140
m" [GeV]

[9)]
o
(o218

(=]

N

(=]

Qo

o


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-17/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.076006
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Other new top b

TOPQ-2020-0

¢S channel top at 13 TeV (CONF conversion):
¢ ATLAS-CONF-2022-030
“tty charge asymmetry
¢ ATLAS-CONF-2022-049
¢15th Iinternational workshop on top physics
¢ Talks start this afternoon; links below will soon become
~active
¢ ttW charge-asymmetry:
ATLAS-CONF-2022-062
¢ Differential tt - epy cross-section:
ATLAS-CONF-2022-061
¢« And more likely



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-030/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-049/
https://conference.ippp.dur.ac.uk/event/925/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-062/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-061/
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Di C harm on i um i n 4| ! States ATLAS-CONF-2022-040 '

Find prompt 4y events, pr>3,3,4,4GeV  fo e - -
¢ JIP+I/P or J/P+y(2s) -
¢« AR<0.25 between charmonia S
«J/P+J/P Analysis: -

¢ Single PS Background from MC
¢ Excesses for mass below 7.5 GeV

© 6.9 GeV peak seen also by LHCb
> Broad lower mass structure i 15
best fitted with two more

e

+
§'¢¢ ¢ $++++
¢

utth

[6)]
o
| -

peaks, detail unclear E 40“() E :
«J/P+P(2s) also show a 6.9 GeV peak ;5

¢ bump at 7.2 GeV N _

¢ Also seen by LHCb & CMS in Yy ) \

10 -

ﬁ

o



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-040
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Flow decorrelations  smscovzzon )

LLC 03_ UL T T [ T T T [ T T T [ T 1T T T T c I T T T T T T T T T 11
B } ATLAS Preliminar . Ty n " R N N R R N EEmEng T
- pp 13 TeV, 0.2 pb’ - ATLAS Prolimi "n
0.25- 0.5<p <5GeV, 4.0<|n°|<4.9 102 reliminary a
- T ] . w Xe+Xe 5.44 TeV, 3 b -
. 2:, } . :+{ , 05<p™<5GeV, 40<|n| <49
2o - i i =
L& 7 # .
o5 Yoo . i P,
T b ] IRBERR IR
- - [ ] ¢
0 1_ Y ¥ - D) ¢ Ao f : ¥ v
" WrawFourier £, * & 107°H] W raw Fourier F, AOA.’A.:"vvvv: =
- Y raw Four'etzniz » . | ¥ raw Fourier F, *e A:A:A:A:A. °]
0.05 _—t ?mpbfi;F 2 B - | ¢ temp. fit F™
-t 9,8 P, + | |} d,subF,
O: |* |Cr|tdi tlen?pl ,:|2 N + N B AR | * 1 |: i * Crtd' temp F[2 |
O 20 40 60 80 100 120 1 1 | | L1 1 1 1 1 1 1 11
Nrec 102 103
rec
ch Nch

«Collective flow moments defined relative to the event
plane in pp (left) and Xe+Xe (right)
¢ F;independent of multiplicity
¢ F,, evaluated different ways, shows decreasing trend
«Xe+Xe and pp show similar behaviour



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-020/
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No jet quenching in p+Phb?Hion-2021-17 )

¢“The expansion of quark-gluon plasma droplets describes
collective effects in Heavy ion, p+Pb and p+p.

v“Here per-jet charged particle yields are compared.:
¢ Yield Ncn(p+PDb) / Ncn(p+p)
¢ For pr>4 GeV there is
no centrality dependence = fae = meow T o Hakgnn e
¢ In contrast to Pb+Pb T o

¢This precludes almost *} | kil

LT L
ooly i |F

t
any parton energy loss - ’
"1p+Pb 05 T2 S 456 10 2000 @ 1 5 5456 0 2080 8. 1 2 5456 10 203 8

pe" [GeV] pe" [GeV] P [GeV]

o [T T LI LR | T T lllll_IIIII T T IlIIIII T LI LN R | T LR | T LI B
& of ATLAS ZDC0-20% ¥ pp, 3.6 pb” ZDC 40-60%  § p+Pb, 0.36 nb” ZDC 80-100% |
"I p‘:‘ > 60 GeV AP et < /8 3 Vs =5.02 TeV AP et < 8 VS = 5-02 TeV AP et /8 }

1.2
1.1 o, -:- 1 ¢
E LXK M ] $o %0y ¢ ’ ”H ¢
F o TOE o e

1.0f==mgmmmmmmmmme e am e laaa B L L LT LT B S PP PP
Pt b 1 } ]
0-9:‘+ It _'} 3
B¢ B - ]
0.8F + + ]
:....I MR | P .....:....l ool o Tl Lol L]

05 1 2 3456 10 2030 60 1 2 3456 10 2030 60 1 2 3456 10 2030 60
pe [GeV] pS" [GeV] pE" [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2021-17/
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Facilities Council THE UNIVERSITY OF WARWICK
'yy =T STDM-2019-19

“PbPDb ultraperipheral

£ 350 ' [T T e ]

o] — .

o : ' = - ATLAS .
collisions provide intense 2 o PbsPb (F = 5.02 ToV ]
EM fields = o Combined fit .
250# w1T-SR -

¢ Allows clean yy - Tt : Post-Fit .
: 2001 .

¢ Set constraints on ax : o Data, 144nbT
similar to LEP 150 (Jyy—>11(2,=-0.042) -
. YY—HU :

100‘_*11 photonuclear 4

- 72 Uncertainty .

ATLAS - —— —a,=-0.06 E
EXPERIMENT = - | . -- a,=0.04 ]
. O_| | " S iy

3 14F | 3

& 12F--o- E

— | e R e i

g 08 L E

0 0.4H ' . . . 5

5 10 15 20 25 30

Muon P, [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-19/
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Gluino-neutralino limits Am-rrvs-rus-2022:013 '

Vs=13 TeV, 36.1 - 139 fb March 2022
“Simplified models ; G i olep. 010.1423] | ATLAS PFeIII}nIr;airl -
put bounds at 1 and (53500 G-~ 57, = 3 brjets [CONF-2018-041] V-

[~ g— ttx > 3 b-jets + = 2 lep. SS [CONF-2018-041, 1706.03731]
2 TeV on 1\?53000 G- GAWZ. 0 lep. + 1 lep. [2010.14293, 2101.01629]
2 o
neutra“no and c - §— qaz"’%, 2 lep. OS SF [CERN-EP-2022-014]

=7-12jets + 1 lep. += 2 lep. SS
[2008.06032, 1708.08232, 1909.08457]
2 lep. OS SF [1805.11381, CERN-EP-2022-014]
= 17 [1808.06358]
> 1y [1802.03158]

gluino respectively o5pg

2000

[ Colours indicate different models
— Observed limits at 95% CL

1500¢

1 OOO

i

\\""

500 )
III|III|III|III|III|IIII

1000 1200 1400 1600 1800 2000 2200 2400
m(g) [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/

Electroweak SUSY  ATL-PHYs-PUB-2022-013

¢Smuon limits 600 PP = i, 5 fiL,p: i = PX3, bino LSP March 2022
; _"I""I".".I""I.'."LI"" x
overlayed Q& [ ATLASPreliminary = *Iueg e &
: = - 8-13TeV,20.3-139 fb~ L FOLET
U(:C)mpa-re Wlth o 500 C arXiv:1403.5294, Run 1 2¢
- ?SE B arXiv:1911.12606, Run 2 soft 2¢ y
e g I0NS > - arXiv:1908.08215, Run 2 2£0J A |
- W CONF-2022-006, Run 2 2¢, Am ~ m(W) 4 R
favoured by 400 [ s LEP i exciucs 4 .
— a3’ +10=(25+0.6)x 10 A
muon g-2 - (g, e, wa o
300 = (0.0, 10
~ E= (60, 1.0, 1.0) :
[~ = (5, 3.0, 1.0)
| B (5 10,10
200 i 6\@5 |
100 - ‘ | \ X

100 200 300 400 500 600 700 _ 800



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013
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Long lived SUSY susv-201e-42)

“Wide variety of displaced
SUSY searches
ve.g. Massive long-lived

106 I T T T | T T ! T | T T T T | T T T T | T T T T
10° ATLAS \s=13TeV, 139 b

SR-Inclusive_High ptTrk >120GeV, | < 1.8
10°* - 0 -
m(g) = 2.2 TeV, m(¥,) = 100 GeV, t(g) = 10 ns

+ Observed

Entries / 100 GeV

- 10 o e
particles are slow jel R ~Epeios
¢ Highly ionising 104 ’

¢Look for high MET events ol bt
with high-pr tracks joofl A e e

¢ dE/dx > 2.4 MeVgtcm? iRl = I A A e BN
«Small excess seen g 10 |+H||| ]

¢ 3.60 for 1.4 TeV signal E 1 f | _

¢ But not confirmed by timing *a' 0002000 3000 4000 5000

In calo./muons m [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-42/
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Z-eplltsearch - 77" )

«Charged lepton flavour violating Z
to epy search
«“Use BDT to isolate signal

2 2000F
© 1800F-

£ 16003
§ 1400F7a,
I 12005 .0,

1000F

A TLAS

{s=13 TeV, 1391’ @ Dama
—— Total Background

....... 7251t
Non-resonant

------------ Z-up

—— Signal (hypothetical)

at limitx 20

800
«Do a bump hunt. 600F
= - L, 400F
¢Upper limit B(Z - ep)<2.62x10’ 200:
2 - X B (0 e e L T T Sl
¢ Tightest limit to date £ 12 ++++ WE
s o0t H'
g g-é RSP AAY +++++ ++*+ +
O 75868590 95 100 105 10
Mg, [GeV]
Observed (expected) upper limit on B(Z — 1) [%x1079]
Final state, polarization assumption eT ur o AISO Z R I'[
{Thad Run 1 + Run 2, unpolarized t 8.1 (8.1) 9.5(6.1) . .
£Thaa Run 2, left-handed 7 8.2 (8.6) 9.5 (6.7) limits
{Thad Run 2, right-handed 7 7.8 (7.6) 10 (5.8) uA” Stat
{7y Run 2, unpolarized 7 7.0 (8.9) 7.2 (10) : .
{7 Run 2, left-handed 7 5.9(7.5) 5.7 (8.5) d ominate d
{7y Run 2, right-handed 7 8.4(11) 9.8 (13)
Combined {7 Run 1 + Run 2, unpolarized 7 5.0 (6.0) 6.5(5.3)
Combined {7 Run 2, left-handed 7 4.5(5.7) 5.6 (5.3)
Combined {7 Run 2, right-handed 7 5.4 (6.2) 7.7 (5.3)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-35/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-28
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Scalar leptoquark in DTT s conezozz007 )

.E1O4§III‘IIIIIIIIIIIIIIIIIIIIIIIIXIII
ok @ = ATLAS Preliminary ® pate - etriae 3
“Model assumes q=4/3e R
- = 1| E SR, ThaqThag 5T e 3
¢Inspired by LFV hints §
from b decays

¢Taus sought in lep-had
and had-had configurations
¢ Later dominates, show right. i
«No evidence for signal T e
¢ Single or pair produced

—_

IIIN‘IIIIlI\IIlIIIII IIIIIIII ‘IIII_
&\ A\ m

u-n_kb-n —

Data/Pred.
o

. < C  ATLAS Preliminary —Ttgs(gf:) E

¢ Combined: |ept0quark5 Ez 3'55_ soto Tev, 139107 _ig(tgt):gﬁgf;)) ]
below 1.26 TeV excluded .
for a Yukawa coupling of 1 : o :

¢*Broad programme
¢ see ATL-PHYS-PUB-2022-012 oo

| 1 1 1 | 1 1 1 1 1 1 | 1 1 1
600 800 1 000 1 200 1400 1600 1800
m,q [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-012/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-037/
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Dark matter ATL-PHYS-PUB-2022-036/ '

¢Missing energy and T 107
resonance searches =

— Dijet
Dijet, 139 fb'; JHEP 03 (2020) 145
Dijet TLA, 29.3 fb™'; PRL 121 (2018) 081801
Dijet+ISR, 79.8 fb™'; PLB 795 (2019) 56
Boosted dijet+ISR, 36.1 fb™'; PLB 788 (2019) 316

o

Boosted di-b+ISR, 80.5 fo™'; ATLAS-CONF-2018-052
tiresonances = tf resonance
36.11b"; EPJC 78 (2018) 565
— bb resonance

139 fl’.}": JHEP 03 (2020) 145
miss

E7**+jet, 139 fo''; PRD 103 (2021) 112006
bb reson E™%.y, 139 fo’; JHEP 02 (2021) 226

DarkSide-50 Dljet ET"**+V(had), 36.1 fb™'; JHEP 10 (2018) 180

¢ Here lepto-phobic K
VeCtOr medlatOr ;izzl::g;\flb;;sszs(zoza137oee
model used : AT

EMs4X

specific DM models. ¢

. 1074 E = PandaX
“Will be much more o | = Derkside 50

PRL 121 (2018) 081307

instructive when we  «p

see signals! 10+ EEfo%r-z??Zi.af’él 6ot 3

ATLAS limits at 95% CL, direct detection limits at 90% CL
10—48 " " e a gl M " a3l M " o a gl

and®* 4 XENON1T MIGD

PRL 123 (2019) 241803

1 10 10° 10°
m, [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/
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Heavy resonance searches

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

ATLAS Preliminary

Status: July 2022 JLdt=(3.6-139) fo! V5=8,13TeV
miss — . .
Model £,y Jetst ET™ [ratm) Limit Reference
T T — T T T — T T —TT
27 ADD Gyx +g/q Oeury L1-4] Yes 139 |Mp 11.2TeV n 2 2102.10874
% ADD non-resonant yy Y - - 36.7 Mg 8.6 TeV n=3HLZNLO 1707.04147
c ADD QBH - 2j - 37.0 LU 8.9 TeV n=6 1703.09127
E ADD BH multijet - 23j - 36 Mg, 955 TeV n=6, Mp=23TeV rot BH 1512.02586
.= RS1Gkk —yy 2y - - 139 | Gkk mass 4.5 TeV kfMp =01 2102.13406
° Bulk RS Ggx — WW/ZZ multi-channel 36.1 Gk mass. 2.3TeV kiMp =1.0 1808.02380
Bulk RS Gk — WV — fvqq lep 2j/14d Yes 139 Ggx mass 2.0 TeV kiMp =1.0 2004.14636
Bulk RS gyx — tt lep =21b, 2102 Yes 36.1 £kk Mass 3.8TeV Iim=15% 1804.10823
2UED/ RPP lepu =22b,23)] Yes 36.1 KK mass 1.8 TeV Tier (1,1), BlAID — ) =1 1803.09678
SSM Z' — &f 2ep - - 139 2’ mass 5.1 TeV 1903.06248
SSM Z' — 1T 27 - - 36.1 Z' mass 2.42 TeV 1709.07242
] Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
Leptophobic Z" — tt Oep =21b22J Yes 139 Z' mass 4.1 TeV Mim=12% 2005.05138
E SSM W’ — &y e - Yes 139 W’ mass 6.0 TeV 19086.05609
SSM W' — 1v 1t - Yes 139 W’ mass 5.0 TeV ATLAS-GONF-2021-025
SSM W' — thb - =1b z1J - 139 W' mass 4.4 TeV ATLAS-CONF-2021-043
HVT W’ - WZ — fvggmodel B 1e,u 2j/1J Yes 139 W’ mass 4.3 TeV gv=3 2004.14636
51 HVT W' —» WZ — &v ¢ modelC 3er 2](VBF)  Yes 139 | W’ mass 340 GeV gven=1g =0 ATLAS-CONF-2022-005
HVT W’ — WH — ¢vbbmodel B 1e.u 1-2b,1-0] Yes 139 W' mass 3.3 TeV gv=3 HDBS-2020-19
HVT Z' = ZH - ¢¢/vvbbmodel B 0,2e,u  1-2b,1-0] Yes 139 Z' mass 3.2TeV gv=3 HDBS-2020-19
LRSM Wg — uNg 2u 14 - 80 Wg mass 5.0 TeV m(Ng) =0.5TeV. g = gr 1904.12679
Cl gqqq - 2j - 37.0 A 21.8TeV 1n;, 1703.09127
= Cl ééqq 2epu - - 139 A 35.8 TeV L'm 2006.12946
O Cl eebs 2e 1b - 139 A 1.8 TeV &=1 2105.13847
Cl uubs 2u 1b - 139 A 2.0 TeV g.=1 2105.13847
Cl tttt ey =z1b=z=1j] Yes 361 A 2.57 TeV |Cal = 4m 1811.02305
Axial-vector med. (Dirac DM) Oeu 1,y 1-4j Yes 139 Mined 2.1 TeV £,=0.25, gy=1, m(y)=1 GeV 2102.10874
= Pseudo-scalar med. (DiracDM) Oe,u, 7,y 1-4]j Yes 139 Mimed 376 GeV &q=1, g =1, m(x)=1 GeV 2102.10874
Q Vector med. Z'-2HDM (Dirac DM) O e, 2b Yes 139 Mined 3.1 TeV tang=1, gz=0.8, m(x)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 Med 560 GeV tanf=1, gy=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1 gen 2e =2j Yes 139 LQ mass 1.8 TeV =1 2006.05872
Scalar LQ 2" gen 2u =2j Yes 139 LQ mass 1.7 TeV A=1 2006.05872
o Scalar LQ 3" gen 1t 2b Yes 139 LQ" mass 1.2 TeV BLQY = br) =1 2108.07665
3 ScalarLQ 3™ gen Oepp 22,22b  Yes 139 '-Qf‘ mass 1.24 TeV BLQ = tv) =1 2004.14060
Scalar LQ 3" gen >2epz1721,21b - 139 LQ“ mass 1.43 TeV BLQI = tr) =1 2101.11582
Scalar LQ 3" gen Oe,u,2170-2j,2b Yes 139 LQ‘;mass 1.26 TeV B(LO%—» bv) =1 2101.12527
Vector LQ 3¢ gen 17 2b Yes 139 LQ! mass 1.77 TeV B(LQ; — br) = 0.5, ¥-M coupl. 2108.07665
VIQTT - Zt + X 2el2u/z3ep z1b,21] - 139 T mass 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024
x g VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
'?_ © VLQ Ts5/3Ts3|Tsz » Wi+ X 2(SS)/z3euz21b,21] Yes 36.1 Ts/3 mass 1.64 TeV B(Tei3 — Wit)=1, ¢ TsaWit)=1 1807.11883
£ VLQT — Ht/Zt lepg 210,23] Yes 139 T mass 1.8 TeV SU(2) singlet, k= 0.5 ATLAS-CONF-2021-040
8 VLQY - Wb leu 21b21] Yes 361 |Ymass 1.85 TeV B(Y — Wh)= 1, ca(Wh)=1 181207343
> VLQ B - Hb Oep 22b 21j, 210 - 139 B mass 2.0Tev SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
VLLT = Zt/HT multi-channel  =1] Yes 139 ' mass 898 GeV SU(2) doublet EXOT-2020-07
@' Excited quark g* — qg - 2j - 139 q* mass 6.7 TeV only v* and d*, A = m(q") 1910.08447
E E Excited quark g* — gy 1y 1j - 36.7 q° mass 5.3 TeV only u” and d*. A = m(q") 1709.10440
S E Excited quark b - bg - 10,1 - 36.1 | b* mass 2.6 TeV 1805.09299
& & Evcited lepton & 3ep - - 203 A=3.0Tev 1411.2021
Excited lepton v* 3eut - - 20.3 A=16TeV 1411.2921
Type lll Seesaw 234ep 22j Yes 139 N mass 910 GeV 2202.02039
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2 TeV m{Wg) =41TeV, gy = gr 1809.11105
Higgs triplet H** — W*w* 2,3,4 e, 1 (SS) various Yes 139 H** mass 350 GeV DY production 2101.11961
gs triplet H** — ¢£ 2,3.4 e, u (SS) - - 139 H** mass 1.08 TeV DY production ATLAS-CONF-2022-010
Higgs triplet H*= — ¢1 e T - - 20.3 DY production, B(H;* — {r) = 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 237 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
Vs =13 TeV Vs=13 TeV TR | L L el L L PR R § L " -
partial data full data 1071 1

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

10 Mass scale [TeV]
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ZorHto (JI[IJ + y) or (Y = y) arxiv 2208.03122 '

¢Decays to quarkonia sensitive q
> |1 .
to the Hcc / Hbb coupling 7 —
¢ But also to Vector Meson
Dominance production y
«Data-driven background model 3 [ A ]
’ 70F s=13 TeV, 139 fbo™! —
describe data well S F 26<m., <33 GeV :
T > 60 + Dat -
“leltS Set here g - —B:c?(ground Fit .
7 50— [ Exclusive Background —
- [Jw(nS) Background .
40F [ Dimuon Background —
n []B(H - Jhyy) =2.1x 10'_‘:3 3
95% CLg upper limits 30;_ WB(Z = Jiyy) =120 _;
Branching fraction ox8B - ,
Decay | Higgs boson [ 107 ] Z boson [ 1070 ] Higgs boson [fb] | Z boson [fb] 202_ E
channel | Expected Observed | Expected Observed Observed Observed 10:_ =
J)y 1.9%0:% 2.1 0.6%03 1.2 12 71 = ]
w(28)y | 8558 10.9 2.943 2.3 61 135 S 1 5F
' ' X e T +++ RIS ¢ + hil
Y(1S)y | 2803 26 1546 1.0 14 59 % 0_51):_ 'H “‘“’*Wﬁ#ﬁ;ﬁﬁ%@ﬂiﬂ%
Y25y | 3shg 44 | 200 12 24 77 8 50 100 150 200 250 300
Y(3S)y | 3.7 3.5 1.9+08 2.3 19 135 m,.,-, [GeV]



https://arxiv.org/abs/2208.03122

Science and
Teomolon W. Murray 46 vy WARWICK

Generic 2HDM ATLAS-CONF-2022-039 '

vAllows flavour violation T ;L s
¢ e.g. 3 generation e

uu—tt !t

_IIIIIIIIIIIIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII_
s00F- ATLAS Preliminary @ Data [ Signal sstt H po"< t
T Vs=13TeV, 139 fb"' [l Signal ttq [l Signal ttt t
180:— g2HDM [l Signal titq Il Signal tttt _:

- [l Four top Ctw .
1601 2 StSFJlrt +CATsst o mizy)
- oS [Otty*(low mass) [llDiboson ]
1401 [ HFu mHFel HS I
. T can P, P, Pw couplings
[]Other 7 Uncertainty J

S — iking | ¢and heavy Higgs masses
S T + 200 GeV < my < 1000 GeV
0 - . ¢largest deviation 2.80 local

20 = “ ptt:0-321 ptC:O-O51 ptu=085

Events

-c. ;| ] t 1] 1 1 1 11 } - I [ ! t + + E i
S qisb T E “ mH—looO
E e I N S ¥ M///f////ﬁ///%///#
g o5 E
0

0 01 02 03 04 05 06 07 08 09 1

DNNSE



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-039
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Di-Higgs production )

7 . 0000000090000 H
G . 0009000000000 P $---------- H g .
Ry 'F'\L //j
uggF | ! A STl g
Fy '-? \‘
4 0000000000 ng A
H

“VBF

¢Interference between paths destructive for both

¢k) scales coupling, SM=1. Affects both modes,
¢ Interplay with K: in ggF, xvand k. in VBF

m(HH) spectrum depends on K, kv
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Combined HH ATLAS-CONF-2022-050 '

ATLAS Preliminary ~— Doserved It
R Expected limit

vVs=13 TGV, 126—139 fb (UHH =0 hypothesis)

ogs';wHVBF(HH) =32.7 b [ Expected limit 10

[ Expected limit £20
Expected limit

(SM hypothesis)

Exp.
| Obs. Exp. (SM)
bbyyl * = 42 57 7.1
bbt*T~ | % 47 3.9 49
bbbb}- * | 54 81 92
Combinedf- 0 ; 24 29 40
i i RN TN N T S N TN N T N T N N T N T T N T A TN N N

0 5 10 15 20 25 30

95% CL upper limit on HH signal strength uyy

¢Limit on HH production at 2.4 x SM strength
¢ c/f 2.9 expected (no HH) or 4.0 (SM)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/
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Ka from H and HH Atias-conF-2022-050 '

< 1 0 I I | I I -I ] | I I I I I 1 | I I | I 1 | < 1 0 I I I I I .I ] | 1 1 I I I I I I I
- | ATLAS Preliminary 1 < [ ATLAS Preliminary
- - - H K, only 4 B = = = H K) only
N | Vs =13TeV, 126—139 fb" HH K onl Ql | Vs=13TeV, 126—139 fb" HH K onl ]
I 8 Observed » ony — | 8 Expected SM A ony —
| w— HH + H k), only i | = HH + H k) only
- HH + H Ky only: HH + H k) generic - - HH + H , only: HH + H Ky generic
6 B 95%: K € [-0.4,6.3] _ 6 - 95%: K € [-1.9,7.5] _
- HH + H «), generic: S HH + H k) generic:
i 95%: Kj € [-1.3,6.1] 95%: Ky € [-2.1,7.6]
P2} T W W | W/ / A AN 9 :E’_OZC’__: 4=\ Ny 9_ _5_%__:
2 — 2 ]
L N NN\ S 68% ___ NN S 68% __|
O I | | | | ! g | | | | | | | | O 1 | l - S | | | l | | | |
-5 0 5 10 15 -5 0 5 10 15
Ko K

“K) restricted to -1.3 — 6.1 (-2.1 — 7.6 expected)
¢ Tightest constraint on «x, so far

«Range shrinks slightly, If kv, kt, Kb, k- all fixed
¢ Because they are constrained by single H data



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/
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The future |

¢ATLAS is using 139fb* @ 13TeV for most results
“Run 3 may bring 300fb™* @ 13.6 TeV
*HL-LHC will bring an order of magnitude more

LHC HL-LHC

LS2 13.6 TeV 13.6 - 14 TeV

energy
Diodes Consolidation
LIU Installation -
inner triplet . HL LH(.:
Civil Eng. P1-P5 pilot beam radiation limit installation
2019 2020 2022 2023 2024 2025 2026 2027 2028 2029 III"II
5to 7.5 x nominal Lumi_,
ATLAS - CMS 1
upgrade phase 1 ATLAS - CMS /
. . HL upgrade
ALICE - LHCb . 2 x nominal Lumi ,
upgrade : '

- integrated JRAMUURICH
450 fb luminosity IEIRI*R

¢ As well as increasing experimental challenges
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Upgrade Example: Inner tracker }

¢Tracker rebuild to handle radiation & tracks density
¢|Tk features

= € 1400 ATLAS Simulaion

¢ All silicon (fast) layout £ R —— E
@ 5 pixel, 4 strip - n=10 .

¥ - 1000 = —

¢ Higher granularity i a20
© Reduced occupancy 800 e -

¢ Improved radiation 600, -
handling 400; | SRR "=3'°_;

¢« Extended coverage 200= “:r}}?fi'-‘"“m.',W! ] P e
° [n| limit2.5 - 4 o B ]

0 500 1 000 1 500 2000 2500 3000 3500

Z [mm]

“Maintains or improves performance despite pileup
¢“The build schedule is tight but doable for 2029
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Example HL-LHC sensitivity to k) ]

¢Baseline

projection red
¢ 1% lumi
¢ Theory errors
halved
¢ Expt 1/VL
O<iin<2.7
¢ Combining bbtrt
and bbyy only
“Experiments can
combine

20

—2AIn(L)

16

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘I
‘» r ATLAS Preliminary ‘ [

Vs =14 TeV, 3000 fb

HH - bbt* T~ +bbyy
Projection from Run 2 data
Asimov data (k) = 1)

—+— No syst. unc.

—e— Baseline

Theoretical unc. halved
-+ Run 2 syst. unc.

] l l I ] ] ] I l ] ] I l l ]

s N I8 Al
X . 0
v.A\-‘,,gf"_v-' ||||I||||I||||I||||I||||I||||

~1 0 1 2 3 4 5 6 7 8
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Expectations: exceeded )

ATLAS Simulation Preliminary Nature 607, 52—59 (2022)
's = 14 TeV: [Ldt=300 b ; [Ldt=8000 b

H—YY (comb.

;

ATLAS Run?2

B

(VBF-like)
(WH-like)

(ZH-like)

(ttH-like)

H—ZZ (comb.
(VH-like

(ttH-like

(VBF-like
(ggF-like

)

)

)

)

H—-WW (Com(b ;
j)

)

)

)

)

Branching fraction
<
[ IIII|I|
L1 IIIIII|

1072

¢ Data (Total uncertainty) —=*— %
Syst. uncertainty
. SM prediction

10°°

(1
(VBF-like

H—Zy (incl.

(comb.
H— bb (WH-like

(ZH-like)

H—tt (VBF-ike)
Houp (comb.;
)

Ratio to SM

bb  ww Tt zz Yy Zy uu
Decay mode

(incl.
(ttH-like

“Run 2 results are comparable

5 02 04 to 2014 HL-LHC expectations
ATL-PHYS-PUB-2014-016 Ap/p



https://www.nature.com/articles/s41586-022-04893-w
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/
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Outlook |

¢“Broad Physics programme
«Over 1000 papers published
¢ With many more to come from
Run 2
¢ While Run 3 data is already on us
“No one knows what discoveries
they will bring
¢ But diHiggs sensitivity is
approaching fast

¢ATLAS is a friendly Titan... e

¢ Ready to gather more Golden Apples
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LHC status

4
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o > - ATLAS Online Luminosity /s =13.6 TeV 1 o g E ATLAS Online Luminosity {s=13.6 TeV E
£ -« LHC Stable Beams . > g [ [ LHC Delivered E
3 20 - Peak Lumi: 18.5x 10¥ cm2 g N § - [_] ATLAS Recorded .
= - L = 7F
— I ** . ] % - Total Delivered: 7.1 o™ ]
i 15| o = ; 6 F  Total Recorded: 6.6 fb™ E
5 i oo'o'. ] o 5 E =
Q - ‘e * ] © - 3
= o * ] = = E
.g 10 : o . ] E 4 g gm
£ | - o5 3¢
3 sf LI B2 2
x i . 18 r 15
S i o ”~ 15 1E =
a - s ¢ . - , .
O_“- fes 1 | | | . O‘|||||||\||||‘|- ..... =l b b
05/07 19/07 03/08 18/08 28/06 05/07 12/07 19/07 26/07 02/08 09/08 16/08

Day in 2022 Day in 2022
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stop-neutralino limits

«Simplified models
put bounds at 0.5
and 1.2 TeV on
neutralino and
stop

{s=8,13TeV, 20.3-139 fb March 2021

= 900

o
G, 800

S - T Limits at 95% CL
15 700 IMITS a

S
600

500
400
300
200
100

T I T T T | T T T I T T T I T
ATLAS Preliminary

- ﬂi production

IIIIIIIIIIIIIlIIIIIIIIIIIIIII

Y,

200 400 600 800 1000 1200
m(t,) [GeV]

= Observed limits
= = Expected limits

Data 15-18,¥s = 13 TeV, 139 fb

== monojet, t, - bff i?
[2102.10874]

= 0L > 1 7T, - bW /T, - bif %
[2004.14060]

=1L § ot/ T, - bWy, /T, > bif 7
[2012.03799]

— 2L ot/ T bW /T o bt
[2102.01444]

Data 15-16,¥s = 13 TeV, 36.1 fb
= o /T o bW /T, b 3
[1709.04183, 1711.11520,
1708.03247, 1711.03301]
=t Y‘ - ti?
[1903.07570]

Data 12,¥s =8 TeV, 20.3 fb '
B o0/, > oW /T, > i 7
[1506.08616]
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Combined: K, — K+ice-2021-23 '

LL [ T I T T T T | T T T T T T T T I T T T T ] < 8__ | —]
< C served best fi . C
115 ATLAS Run2 IR Obocrved 6% OL — £ b ATLAS B ]
- ObssrvedS5%GL, 4 C\Il 7E =13 TeV, 36.1- 139 b Observed
1.10 - A SM prediction E 6:— m, = 125.09 GeV, |y, | < 2.5 ---- SM expected
1.05F —
- ] 5
1.00 — |
- 7 = 95% CL
0.95 = ]
0.90F -
0.85- = ]
- . 168% CL
0.80F — - - ]
I T S T S S Y M R b | ] ] ] ] | ] ] L L ]
0.95 1.00 1.05 1.10 1.15 00 0.05 0.1 0.15
K
v Binv.

¢Assuming vector and fermion couplings scale, errors 5%
In fermion, 3% boson
“Binv < 13% (8% expected) [ky constrained < 1]
¢ c/f 14% (10%) from VBF paper



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-11/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
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H to TT HIGG-2019-09 '

%) 70 :I LI I UL | UL I LI | LI I LI |:
i.lh h | h d h | 0 oo ATLAS 1 ¢ Data .
i i X : o — =13TeV,139fb~ 7z Uncertainty —
; and e-g cnanneis, g = H_S}Thdrhj H 77 (0.93 x SM) ]
. o - ad Tha i .
4200 Slgnal events § 50 :_VBF—1 SR OtheTrTbackgrounds_:
. . i - [ 1 Misidentified T .
¢4 main production modes 40 =
¢ VBF best measured 30 =
20 E— _E
— T T - 7 1 .
ATLAS H— 1t /s =13 TeV, 139 fb™ 10 + —
—Total —Stat. ~ Theo. [I%/<25 ) S . .
Tot. (Stat., SySt.) 20 T 1 UL | LI UL | L I LI I__
+0.97 +0.76  +0.60 _ i 3
tt(OL)H(z, 7,) L 1.02 “5g;  (Zoes 045 ) 0 » WM’ gg ® o o o
VihadH| et 082 %5 (lozo oz7)|  20F )0,
060 025 (010 024 50 75 100 125 150 175 200
Boost [ oE 2 . -0.21 (—0.10 -0.19 ) mMMC [Gev]
0 82 +0.17 +0.09 +0.14 o
VBF o 825, (We o) ©All agree with SM
Comb. lor 0.93 012 (‘007 ‘o410 )
P L ! PR S R T TR T N SO SR SN T NN SO N S
0 1 2 3 4

(6xB)™? / (oxB)*
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H tO bb Eur. Phys. J. C 81 (2021) 178 '

¢Best sensitivity in VH mode

: § 40 ATLAS e Data ]
[3 F {s=13TeV, 139 fb" ,H 5 bb (u=1.17) 1]
¢ Tag W or Z as trigger 8 35 e B et
HAnaIySIS uses BDT -g 30:_ 2+3 jets, 2 b-tags [[] B-only uncertainty E
b ({) - Dijet mass analysis .
¢ But cut-n-count easier to D 5 Weighted by Higgs S/8 E
. . o C ]
D n ]
«0/1/2 leptons - Z/W/Z 2 15 E
> 105 s
[) n ]
L I L I I I UL I UL I O 5:_ =
ATLAS VH,H—>bb Vs=13 TeV, 139 fb" o - .
—Total Stat. : 0: = \ ‘ ]
Tot. (Stat., Syst.) i) - ‘ ]
C I|III|III|IlI|III|III|III|III|III|I
WH HL-u 0.95 030 (018 018 ) o 40 60 80 100120 140 160 180 200
L
m,, [GeV]
ZH Fiod 1.08 *02% (‘047,701 )
comb. K 102 91 (37,31 bb +0.18 _ 1 1n+0.12 +0.14
T R T My gy = 102755 = 1.027 7 (stat.) Ty ;3 (syst.)
0 05 1 15 2 25 3 35 4 45 5 ) ' o
1)

VH
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H to cc arXiv:2201.11428

¢Decay rate 3%, 1/20" bb 5 s T B =
- ] O - ATLAS —— Signal + Background ]
w - = ! — ¢C) (u=1. n
«Tagging charm quarks hard DO e sriags MO om
E E 2 C v g ]
¢ Intermediate between light g 60L SRpyIma o E
. . . C Z_+If n
and b in mass and lifetime 50¢ - crvers E
40E=4— ! . giﬁﬁ?ﬂ' tcyE) x 300 _;
r~rrr - 1ot 30 =
ATLAS I tio .
Vs=13 TeV, 139 fb™ ] Ez" 20 —
----- xpected ]
VH,H—ct —— Observed .
0 lepton _______________________________________________ 10 | _E
Exp.= 40 x SM H
Obs=SoxsM| ../ 8 1_5:—' L DL LN L rorT ||' ro I—:
1 lepton n:_ 1 i@é*— - * 3‘1\ e L, _“_ SRR f
Or= 50 o %0.5:—.|...|...|...|._."ﬁ...|...||—:
. e = 60 80 100 120 140 160 180
Exsgt5°1n>< SM m,. [GeV]
Obs.= 49 x SM ..
continaton| IR ¢Sensitive to O(30)x SM
Exp.= 31x SM : .
ow=zoxsw | fESS ¢ Congrats. to CMS on their

I
95% CLlimiton 1, _ recent result!
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Higgs boson: ATLAS overview )

¢“The defining discovery of the LHC
«Decays to ZZ, yy, WW, 11, bb: all observed at 50
«Same for ggH, VBF, VH and ttH production

Higgs BRs, 2012
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Kinematic effects of k, variation )

ngr?;f?g-secuon of HH is g :_ A[TII_ASISi]muIeliti\]ﬁ n[ﬂlﬂl V s _
«Low value enforced by E or MR
Interference between modes 0.08 il ol -
¢ If you set Ky to zero, rate oo | -
increases

¢ The spectrum also ;
changes O 00500 a0 700 e

S m,, [GeV]

SM gives particularly high mass Higgs pairs.
¢ Triggering easier than it might be
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Di Higgs channels )

¢Right:Branching ratios ¥/

of various decay 7| Decay % "
modes 2
CC — n

“Purple have results at
13 TeV T~

¢Red circled channels gg-
have full run 2 data

18!

WW

bb ~:@: 9.70 3.27 3.14
| |

16

bbo WW g9 T c¢cc /ZZ VY

*Many weak channels are not exploited — some gain
possible
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HH _ bbbb  Atas-conF2022035 '

¢Highest branching ratio 3 E ATLAS Prominary  —— S

400

5]
~
7 N\
\
Ny
s
()]
g
(A8D €) / seuug

“ggF and VBF modes used B e
“Resolved channels N 10
“Trigger tricky: combine: B O

¢ 2b2j, pt>35 GeV all L S
¢ 2blj, non b jet pt>100-150 s
¢ Tightened offline

200

100

1 1 1 1 1 1 1 1 1 1 1 1 1 I
60 80 100 120 140 160 180 200
MH1 [GeV]

\

«Backgrounds (multijet) from 3 [TATLAS Proiminary | E rorrsbignn
mass sidebands
«Best ggF signal region shown &= e
«Obs (expected) limits: E
¢ 5.4(8.1) x SM rates E
R == = S

300 400 500 _ 600 700 800 _ 900 100
mMun [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-035/

HH - bbTTATLAS-CONF-2021-030'

¢Full data result just out S s ey _ é
¢lh and hh channels analyses Sl Sar e ;‘:

W Jet > 1 fakes (tt) E;
Il Other .

SM Higgs =
Uncertainty 3
«=== Pre-fit background __|

¢ hh, shown right, most powerful

¢ Z+HF most important background
@ Controlled with [I+HF CR

¢Trigger: 1 or 2 tau, with =
thresholds/jets year dependent 1--;';;;';;;' 2= TR
¢Most sensitive ATLAS channel

*‘\\\\s\a \* +\\\\\\+ ]
L1

T
N}
0.50 IR U AR A Ll 3
=1 —08 06-04 02 0 02 0.4 06 0.8 1

BDT score

Data/Pred.

Observed —20 —1o0 Expected 410 +20

o O e+ vEr ] 145 705 94.6 131 183 245
hadThad G pivBR/Oebiver 495 238 319 443 617 827
—_ usever, [1D) 265 124 167 231 322 432
o 0 ggF+ VBF/ OosF 4+ VBF 9.16 422 5.66 7.86 109  14.7
Combined Tusr v [P 135 61.3  82.3 114 159 213

ToerivBr/Tobiver 465 208 279 387 539 7.22
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HH - bbyYyY axv21121187 '

> I ' I T T T T T
® - ATLAS 4D
“H - yy has good o T B e meon
- g : Ny L m*_>350GeV > '
resolution & triggering; 2 & st i
. 5 °>’ B [ | yy+oth§r jets.
H - bb Is high rate, ¢ el

¢Four slices: BDT score & .
HH mass
¢Fit using exponential for IH -

bkd 0™ 910 120 130 140 150 160
¢Single Higgs comparable to Relative impact ofthe sy

| L L N

lllllllllllllllllllll

Source Type Nonresonant analysis
HH I
o Experimental
L 1 5 4 S I g n al eX p e Cte d Photon energy resolution Norm. + Shape 0.4
Jet energy scale and resolution Normalization <02
[ EXp e Cte d U L 5 : 7XS M O' Flavor tagging Normalization <0.2
Theoretical
“ O b S e rve d U L 4 . 2XS M O- Factorization and renormalization scale  Normalization 0.3
Parton showering model Norm. + Shape 0.6
Heavy-flavor content Normalization 0.3
B(H — yy, bb) Normalization 0.2

Spurious signal Normalization 3.0



http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-34/

Differential distributiong> 2%+

< oo 1 T T T T T T T T — = N T T T T T T T —
E - ATLAS . H 2 E 2 %F amas T -
>3 20 HoZzz Hoyy v Hoyy - T 70 H-oZZWH-ow v Hovyy i
L2 {18F Vs=13Tev, 139 fb” ¢ Combination — = - (s=13TeV, 139 fo! ¢ Combination .
= 16 = [ ] Systematic Uncertainty e % 60 (— _SrySt?Sat'C Upcertaunty ]
% e Total Uncertainty - © - otal Uncertainty .
) - = = W MG5 FxFx K=147, +XH -
'8 14— ¢ | MG5 FxFx K=1.47, +XH — 50 e NNLOPS K=1.1, +XH -
1o W NNLOPS K=1.1,+XH 4 - cessess XH=VBF+VH+ttH+bbH+tH
“r smmmmms XH=VBF+VH+ttH+bbH+tH - 40 ]
0.8 #I*} .%\ + — 30 J%.\.[H ...... .\. ........ [** 1#’ * —
045 giE : : i
02f- g, - 1o #
) PPN EE TR e ok e Rk EEELEE = . W) RO o 0 S T e e pecseeey
« o T T - - - ] © —
o I w 15 m
1 5 — ‘. i ] 4 = .
% B RSN W TR S ’__-____;__.____,_;____‘ _________ S _ % =1 R P R U R SR —
g 05 ' — S 0.5+ ]
|'E 0 10 20 30 45 60 80 120 200 300 650 13000 |'E 0 0.15 0.30 0.45 0.60 0.75 0.90 1.20 1.60 2.00 2.50
pH 1GeV] b

¢Clean yy and ZZ modes can access H pr, n
«Shape sensitive to b, c components of ggF loop:
-8.6<K.<17.3 ( K.fixed to 1)
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ggF & VBF H to WW |,cc2021-20 ,

C T T 17T I UL I LB I | B O | | UL I T T 1171 I LI LI

> i he T T 5 10°F ATLA NUncertainy 3
8 6000: ATLAS ® Data \\ Uncertainty “g g F (I eft) an d — g Tgl B ® Data &Uncertalnty =
o FVs=13Tev, 130107 W My M Hygr : / 2 1L H o W - ovay W Hoer lh_'ggF ]
- F Hos WW*sevuy B Other H ¥/ we ] V B F (rl g ht) 3 VBF-enriched Ny 2 SR PotherH  fIwr i
£ 5000rggF SR mww B Zzy 5 L SO B ww Ew) Bl ww (Strong) ]
% i Mis-id [l Other VV(V) 1 o 4200 I: Bz Mis-Id 3

4000F 5 g g 10° M other vv(v) ]

3000} _ g 2

2000) . events .
10002 “VBF purlty 1
' ‘ excellent

) _o 14__ ........................................................................................................................... =
o o C
e o 12__ ...................................................................................................................... —
o ~ - N
~ 2 N\ N
g g F \ NA
(D“ (] A i

E )
. : ~
(@) r [a1]
X E —
[a] C —
| : 2
E N [a1]
o 5 |
= -

E o

Ofe, Ya®%e06000 =

200 250
my [GeV] DNN output

¢Measure: ggF: p=1.15%1,,3 VBF: p=0.93%-2% 5
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