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ATLAS is busy... —

boosted tt production

Getting Run 3 Started

ATLAS

EXPERIMENT

ATLAS

ERIMENT



Thus only a small subset of recent results...

Overviews of measurements and searches

- @ |- @ |- @ || ‘ . = W mass measurement
up charm | top || gluon bagds )

=4.8 MeV/c? =95 MeV/c? :‘ =4.18 GeV/c* : 0 “ aS USIng Z pT
@Il @@ | ‘ = Higgs measurements familiar (H > WW) & new (H - Zy)
< . . . .
= | down || stange || bottom || photon ' = WW scattering (& Majorana neutrinos), generally 4€ production

0.511 MeV/c? 105.7 MeV/c? 1.777 GeVic? 91.2 GeV/c? u ngh maSS V]/ Sea rCheS

- @l &Il @ |l ‘ 0 = 4t and boosted tt production

electron muon tau . Zboson § - Leptoquark Searches

2 ;2.2eVlc’ ;0A17MeWc‘(‘ ;15.5MeVIc" ::]AGeVIcz z - ZHDIVI + a’ Dark matter Combination
E 112 ‘W 112 W 112 \w 1 . g
- Sleeuq[’f'rigg ROUIING neltj?rlijno . Whboson g

With an occasional S|de

E to elaborate on techniques used




W mass boson (7 TeV)

Measurement allows for model-independent probes of BSM my, = 80360 + 16MeV

: D kel i PDF & muon
7 TeV data reanalyzed with profile likelihood fitting approach n
uncertainties
. . . . o/ :
= systematic uncertainty reduction gives 15% improvement
______________________ Overview of muLMeasureme_nts i i
I LEP Comeinaten | ATLAS Preliminary T =
_______________________ S=7Tev,46f’ L 1
; 00 (funs) e — S CaAs W= e lomean T
> Z(1|0 T T [ T T T T [ T T T T [ T T T 1 FAL 08 pIS1E04 (2012) E 3 ‘ 8 80.5 — Prehminal’y = :\‘w= 172.84 £ 0.70 GBVS ]
& ATLAS Prlminary PR o . , : = c T - m, = 125.00 £ 0.24 GeV ]
F (5=7Tev, 4.1f0™ oM e T ! o C f 68/95% CL of m,, and ]
% 0.3~ ;—c:an?ﬂel,‘l post-fit - S’m@mds//’ Stat @548 (s:cen'ze(sﬁggs%g p170 (2022 i : - g 80.45} e -
U N S 11 S I 2
2 oo | e o4 E
0.1~ | 8035
L é’zhﬁgzggllg(zolaj ® Measurement E _ E g E
'00;1.02_— T I BRI [ T I =$iat Une. i : 80.3 :—_ e _ﬁé{giz’ CL:LEIedroweak _:
o] ] ATLAS 2023 otal Unc. i Vo - (Eur. Phys. J. ¥ 74 (2014) 5046) ]
& 1_},#ﬂw#’x?rfﬂﬁlﬁ.ﬂuﬁﬁ-»‘a»fhr!-:,;,iﬁy&!,d,r;wty},!/{»t # this work 7"iSM Prediction * r ]
F g Lo ; cf H e b,
o, ..o .o 48 T & i il i 80.25———9g5—""970 =~ 175 _ 180 185
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Measuring as using Z pr (8 TeV)

Important for stability of EW vacuum, and convergence with Weak & EM coupling
Improvement needed to reduce uncertainties on LHC cross-sections
Z recoils against initial state radiation: py proportional to a;

do/dp._[pb/GeV]

ATLAS
Preliminary

T T T
-@- Hadron Colliders

-@- Category Averages PDG 2022
-@- Lattice Average FLAG 2021
-@- World Average PDG 2022
-8 ATLAS Z P, 8 TeV

ATLAS provides

ATLAS ATEEC 0.1185 + 0.0021 )
CMS jets 0.1170 + 0.0019 the most precise
W, Z inclusive 0.1188 + 0.0016
Finclusive 0.1177 £ 0.0034 measurement
;&e_c_a;s ______________________ 0.1178 £ 0.0019
QQ bound states 0.1181 + 0.0037
PDF fits 0.1162 + 0.0020
e'e jets and shapes —_— 0.1171 + 0.0031
Electroweak fit_ _ __ _____ | _______ 01208100028
Lattice. . ____________ | _______ ™ 0.1184 + 0.0008

—— 0.1179 + 0.0009 aS — 1183
ATLAS Z p._ 8 TeV | 10— 0.1183 +0.0009
T 0115 012 0.125 0.13 i .0009
as(mz)
PDF
uncertaint

ATLAS-CONF-2023-015 5




H— WW cross sections }{W :

Differential cross sections measured in both gluon-gluon fusion and vector boson fusion production

Impressive agreement with the SM

:T u-m-' rrrprrrrpreEa frrrrprrerprrerp e reperT
= 14¢ , . T - 3 - ATLAS ® Daa B PowhegsPythia8 ]
3 . » Data . E &035:— s =13TeV, 139 fo" [ DataStat. Unc. A Powheg+Herwig?
s 12r X Sys. Uncertaint i : Data Total Unc. ¥ VBENLO@LO+Pythias ]
= - Powheg+Pythial (p=93%) o 003 VBFH- WW" — eviuv ‘ E
£ - - [ . o C # VEFNLO@NLO
A ) Powheg+Herwid7 (p=95%) 5 0.025F ¥ MG5+Horali? =
° - w MadgraphFxFx |p=97%) : e ]
8 o0s8f 002 E

. C-.0155— —f
0.6 ATLAS z ’ i
0.4 - u H—WW —evpv; N =0.1 0'015_ » _E
C Vs=13TeV, 139" 0.005F * '.' n B
0.2 i .
- . (1] = —— e
ﬂ': t. . S | | L PRI P T B
. 1 1 i

“ oF T T . 1 a aé_ﬁ_':“‘ T T T . T T g
E ‘Iz— Al *- ™ $ i - 3 2E my w ¥ _é
= E 1 1 1 1] £ =
o E U.— =

- 1 | | | | 1 rlrlll |
10 50 100 150 200 250 85

HIGG-2018-49, HIGG-2018-30 6




vy}
side|:
How do we get “truth” level cross sections?
Many different methods, but the idea is they are ATLAS Smulation o
calculated by comparing reconstructed objects 5
(signal region) to particle-level objects (fiducial region) g 120-1000| 0.0 05 279
Nevents = L * Omeasured f:F 60-120 7.2 38.0 . 13

Nyoco — Npg = L-— M - Opgrei
reco b article—level
g A P 30-60 45.8 3.9 oo %
—30
Efficiency of event selection and tagging g
0-30 8.5 0.3 0.0
Acceptance of events due to 10
selection requirements = S S S —0
: . : : S = iy =
Migration matrix takes into account 3 &
> —

migration be’Fwegn evepts in signal ot (Reconstructed)
and fiducial regions




Evidence of H— Zy

R s
ATLAS and CMS Preliminary

LHC Run 2 ¢ Data
—— Signal + background
---=- Background

1

Rare Higgs decay via loop process, sensitive
to BSM (composite Higgs, models with Higgs
coupling to additional colourless charged
scalars, leptons or vector bosons)

Weighted events / GeV

_ Observed (Expected)

ATLAS 2.20 (1.20)
CMS 2.60 (1.10)
Combination 3.40 (1.60)

rrr|r||||_, r|1r1r|1r|1|1r|rl1r|1|ir|_1_
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q1 q3 q1 g3

f fi

. V3 Ve h " y h

. Va Vs 2 vz Vi .

WW scattering i o

WW scattering probes nature of EW symmetry breaking, and is sensitivity to new physics

* extract inclusive and differential cross sections 6) (8)

_ £ ® fi @
* set limits on Effective Field Theory & Doubly Charged Higgs Le“—LSM+Z Az O +; Ar Ot

1 ATLAS Preliminary
157 vs=13TeV,1391b7!

18 aTLAS
16F Vs=13TeV, 139 b

B B o e e
Preliminary « Data

= MG+Herwic-EW

A MG+PyTHA-EW

v PowHeG+PyTHIA-EW
* SHERPA-EW =
# SHERPA-EW+NLO EW ]
~~ Total Unc. =
- Sys. Unc.

Variables of interest:
Mepp , Mjj, My (from
leptons & MET)

do/dm, [fb/100 GeV]

fur/N* [1/TeVA]
o
111 I 111

8 4 Z ]
6 s E ]
0.4F é%%f%/ 3 -5
02 , 'is G 10_: w1 sigma
ST FUUTE EEEEY SN PR P [ - - ;
B g;..,.,,,,....,.”m...,.rrrw..,...,],...,...;; . 2 sigma
51.55— , = ~-15 = = expected
B ] —_
2 o5 o -, o . observed
l_ GEIIIIIIIIIIIIIILL\JJIIIIILL\‘\JIIIIIIIIIIIII IIIII —20 IIIIIII'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

-20 -15 -10 -5 0 5 10 15 20
fM0/A4 [1 /TeV4]

m, [GeV]




Majorana Neutrinos
In WW scattering

Probe Majorana nature of neutrinos at high energies

Set limits d=5 Weinberg operator are set
= Translates to upper limit on mass of 16.7 GeV (can’t be probed in nuclear decays)

10°

4 ATLAS t-channel
] = this work
£=140fb?!
E ATLAS s-channel
j§ —— JHEP 10 (2019) 265
] £=1359f1
ATLAS s-channel
E JHEP 07 (2015) 162
1 777 Vvs=8TeV
£=20.3fb?!
3 ATLAS displaced
1 —— arXiv:2204.11988
£=139fb!
3 CMS t-channel
1 ——- arXiv:2206.08956
£=139fb!
3 CMS s-channel
1 —-- JHEP 01 (2019) 122
£=359fb!
7 : CMS displaced
1. JHEP 07 (2021) 081

g | s e ncerany — propost ko R Y R Y R £=139fb

40 60 80 100 120 140 160 180 200

o, [GeV]

F 0] L L L L (L (L L LB LA BRI B

E ATLAS —+— Data
700 Vs=13TeV, 140 fb™

- Background-only fit W

eof- SR [wz

r [I Non-prompt p

Bore

% Uncertainty
[Jmy=1Tev, v, 701
|| weinberg A1C* = 5 Tev

Events

- ATLAS

10 F

50

Observed 95% CL Limits on |V,y|?
=

Ratio
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4¢ production

EW 4¢ production sensitive to anomalous WWZ / WWZZ interactions
Strong 4¢ production sensitive to perturbative QCD calculations in extreme phase space (high m;;)

SR - - : ——
- % ATLAS Preliminary VBS-Enhanced region, { < 0.4 E:
. ‘ . ‘ ———— 3
2— ATLAS Prelimina VBS-Enhanced region, { < 0.4 g _ -1 ‘
8 'UE n TeV. 140" e pat 3//; M(C: :yst 8 1o Ee9TeY, 1401 ¢ Data,stal.une. 4
~ - ) ol & Total unc. 3
o 10 B strong 41 [ EW 4l it E 102 =
c _—
g_) [l other Non-prompt © !"6'?; E
] s (5] _t.’e_ ]
10 T
S - ——
10 “"“"“‘""‘““"“'“"“"“é
105 - === Strong 4jj (SHERPA) + EW 4ij} (MG5+Pv8) _
E==ge== Strong 4ijj (MG5_NLO+PY8) + EW 4[jj (MG5+PY8) E
e —  EW 4Ijj (MG5+PY8) .
1 076 ----------- EW 4ljj (POWHEG+PY8) + ZZV(V— j) (SHERPA) —
y [ = | " | ' " L [
S 16 2 f 1 f t t ——— E S 16E i E
2 s S S — :
- “E i s o 1.2E = |
5 ol v 2 4 e 4
8 0.6E i = 0.8F I I . I L
[ S e — s ; : : T | o 82 ; o - o
21 02 3x1 02 1 03 . i i ey
m,, [GeV]
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High mass Vy search

Search for BSM spin 1 charged (X*), spin 0/2
neutral bosons (X°)in 1—6.8 TeV range

q q
Photon presence helps efficiently select
7/ signal/reduce background
iXo)
)7
4 ?

HDBS-2019-10




High mass Vy search

i

HDBS-2019-10

Search for BSM spin 1 charged (X*), spin 0/2
neutral bosons (X°)in 1—6.8 TeV range

Photon presence helps efficiently select
signal/reduce background

W/Z is boosted : Jet mass, energy correlation
ratio D,, and b-tagging used to discriminate
signal/background

= D, exploits 3-prong decays to
identify W/Z bosons




e,, ez, D, Energy Correlation Ratios side(z

HDBS-2019-10 14




e,, ez, D, Energy Correlation Ratios side(z

: Z
e, = —— . - R
2 pT]] Pti Prj Rij

1-prong jet identification (quark-gluon)

Collinear

HDBS-2019-10 15




e,, ez, D, Energy Correlation Ratios side(z

: Z
e, = —— . - R
2 pT]] Pti Prj Rij

€3 = DT ] ZPTL pT] kaRl] le R'k

HDBS-2019-10 16




€7, €3, Dz Energy Correlation Ratios side|s

Pt e, = — Z Do Ri
/ J 2 pT]] Pri Prj Rij

1
Soft €3 = —— 2. Pri Prj PrrRij Rik Rik
Collinear PT]

~——— C-Soft

2-, 3-prong jet identification

(W/Z/H bosons)

HDBS-2019-10 17




e,, ez, D, Energy Correlation Ratios side(z

Pty e, = PT]] szi prj Rij
=1 R;: R R
Cs)gffinear €3 = ;]] 2. Pri Prj Prrltij Nk Rjg

—— C-Soft

HDBS-2019-10 18




e,, ez, D, Energy Correlation Ratios side(z

o
-
S

[ I!Y[lYllIIVYI]T‘IIIT'III.'IIII.IIIIIIIIIIIIV i
ATLAS Simulation

[}
©
s C g
B ol = Wlets \s=13TeV ,:|
g 0.121- == multjets  Trimmed anti-k, R = 1.0 jets >
p °© - —— TopJets P =[500, 1000] GeV 1w
T] g ol e < 2 1 6
© r m®™ > 60 GeV 1 O
€. I 1 2
2 0.08— 4 7
5 i B
Soft 0.06/- B
Collinear L o |,
—— C-Soft 0.04 1 S
i 1 B
0.02- .

05 1T 15 2 95 3 895 4 45
DZ

€3

b2 =)
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High mass Vy search

The SM background from y+jet, modelled by a function validated in control region
Signal modelled by double-sided crystal ball function

%05IA].-';A'SIIII‘.II‘I.;.IDa'_taI[I ] LN L L L AR T r T | 1 r ot 1 rr 1 [ r 17T
O1 Vs=13TeV, 139 fo' = Backgroundfit + 1o ATLAS — QObserved

o .
= o + +., ====== Signal (m_= 1500 GeV)
¥ 10* - Spin-1 q§ - X — W'y v Signal {m: - 3000 GeV)

2 103 % D2 category - Signal (m = 6000 GeV

10° £ {5=13TeV, 139" - Expected
Spin-0gg —X° >2Zy [ Expected + 1o

)
S
u
0 10° @ 45 ' Expected + 2¢
10 &
b4 L
1 T i
10" g 1t 3
102§ % i i ; E :
107° g o
< 9 o |
? 10CIlUl IZ’IUIU'IOI -3'0'0'0- 40I00 If}IOIUbI ISIUIUIOl l?lUU o 1000 2000 3000 4000 5000 6000 700

m, [GeV] m, [GeV]
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m+ : :_ ’D‘O‘ODT)'O'O"A > :

Rare process, sensitive to the & [amas| | eown | ma S %M amas | —wwcom] lg 2
strength of the top-quark Yukawa 5 '@F g1 or Wz D @ E=13 TRV, 143 fo Temotom) | g o
. ey = Fi  Conv. - {TH parametrise o s I
coupling (sensitive to BSM) 2 L Pt Blorn. miEn — ok —oswcLExp) ] |7 4
[ Others i - 1.5:___“ X SM _: —16 O
A Graph Neural Network (GNN) 10° Zkooriinty - Prefh f- T + BestFit | -5
used to discriminate . : 1 414
signal/background, uses object - ] _2
momenta, charge, b-tagging score 05 -,
and Emiss - C | o L 1=
T e e %05 i 15 2 25 0
E 2.1F } + 3 | % cos(a)|
UL & s T AN 3 YO8 Y
Significance of 6.10 (4.3 o) is g 077N AN s

0 I I ‘ ‘ ‘ ' I ’ . .
Observed (expected) 01 02 03 04 05 06 07 C(;.;Nos.ior; Kt the top—nggs Yukawa coupllng

a is the mixing of CP even (odd) parts
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Jet substructure in boosted tt

Large tt cross section at LHC, boosted t probes QCD tt production

q\ g /b at the TeV scale (where theory has large uncertainties)

W%/ Measuring cross section can reduce uncertainties, precisely
3 measure the SM, and set limits on BSM Effective Field Theory
+ (EFT) operators
t

%W Consider hadronic and leptonic final states
b/

ATLAS-CONF-2023 22




Jet substructure in boosted tt

1. Require 2 Large R-jets, near top mass

2. Top tag jets: Use Deep Neural Network (DNN) to exploit 3-
prong decays and multiple splitting scales of top quarks,
inputs:

* Jet Kinematics : py, meombined

* Energy Correlation Ratios: e, €y, D,
* N-subjettiness: 71, 7,, 751,73, T32

* Splitting measures: \/d;3,+/d>3

* Qw




Jet substructure in boosted tt

1. Require 2 Large R-jets, near top mass

2. Top tag jets: Use Deep Neural Network (DNN) to exploit 3-

prong decays and multiple splitting scales of top quarks,
inputs:

* Jet Kinematics : py, meombined
B-tagged * Energy Correlation Ratios: e3, C5, D,
track-jets * N-subjettiness: 71, 7,, 751,73, T32

* Splitting measures: \/d;3,+/d>3

* Qw

3. Match b-tagged track jets (variable size) to both large-R jets




Ty : to what degree a jet consists of N subjets side|z

R, radius
subjet 1

‘ “co nm

particle
Pr1

Soft
Collinear
——— C-Soft_~




Ty : to what degree a jet consists of N subjets side|z

R, radius

Soft
Collinear
——— C-Soft_~
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Ty : to what degree a jet consists of N subjets side|z

1
T1 = d_o Pr1 R11

\ ‘ ‘
\
&\
T\
L\

\) 1 .
\,‘\, Ty = % [ P11 mln(ARl,l, ARZ,l) + ]

Soft
Collinear
——— C-Soft_~
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Ty : to what degree a jet consists of N subjets side|z

1
T1 = d_o Pr1 R11

N

v ..

\\ \ '/
\\\ Ty = E [ P11 min(ARl,l, ARZ,l) + P12 min(ARl,Z ’ ARZ,Z) ]

t

Soft
Collinear
——— C-Soft_~

ATLAS-CONF-2023-027 28




Ty : to what degree a jet consists of N subjets side|z

1
T1 = d_o Pr1 R11

1 _ |
TZ = E-El-;)-i- [ pTl mln(ARl,l, ARZ,l) + pTZ mln(ARl,Z , ARZ,Z) ]
(szffinear (pT'l + pT,Z) RO
——— C-Soft_~

Lower T — radiation is alighed with subjet
Higher T — large fraction of jet energy is far away from subjets

Ty91 = — , T3> ... etc.

ATLAS-CONF-2023-027



Ty : to what degree a jet consists of N subjets side|z

W

o v LA AR AR = Te}
S 2200F- —*= Data2015+2016 ATLAS Preliminary = S T ATLAS Preliminary =~ —e— Data 2015+2016 ] J_>|
= L] {t (top) (5=13Tev,361" 3 S gygor Vs=13Tev,36.1M" [ 1 (op) i e
£ 2000 (W) AR(arge jet, bjet) <10 5 F AR(large jet, bjet) < 1.0 == (W) 1 >
© 1g00f T oneD Jet p_> 350 GeV 4 £ C . I i (other) 1 G
4 [ S!ngle Top (W) Py 3 5 C Jet p.> 350 GeV [ Single Top (W) = 1
“ 1600F- mm Single Top (othen E g 4000 Jet m=™>40GeV  pumm Single Top (other) )
1400E- gum vV Zjes, QCD 3 c ] Weiets l®)
1200 Total uncert — E I V'V, Z+jets, QCD =
B Stat. L.Irlcert.l 3 3000_'- Total uncer. (no large-A) -
1000 —— f modelling uncert. — I Stat. uncert, 1
3 — tt modelling uncert. N
= 2000 o
= =
= Iy
] 1000 o
2
Soft i
Collinear & B
—— C-Soft_~ & 2
o ™
B = [ B
0 01 02 03 04 05 06 07 08 09 po
Trimmed large-A jet 7, 0 01 02 03 04 05 06 07 08 09 1
Trimmed large-A jet DNN top tag discriminant
T2
Ty91 = — , T3> ... etc.
T1
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Jet substructure in boosted tt

- T~ 1 T~ T 1 T T T T T ]
2 >-<103 —7T r T | L 3 ﬁ’w 3 ATLAS Preliminary —— PWG+PY8 ® Dala
Q 100~ ATLAS Preliminary  Data — © C Vs=13TeV,1400" - PWGH? I stat. unc.
o B Vs =13 TeV, 140 b :lt! (all-had) x0.76 ] .8-= o 5 all-had, p':" - 500 GeVY — MC@NLO+PY8 Stat.+Syst. unc.
@ - Detector-level all-had W tt (non all-had) ~ _ _ - Fiducial phase-space "7 PWG+PYEFSALP
2 80— I Single Top — o s PWG-+PY8 FSR Down
S T . v . = -
L Il Multijet _ i I i
60— A Stat. @ Det. unc. — =
40— — 055
20? - . )
: ! e —
. - 0.8
31 E -
E 1W\‘Q&\%%\V‘hmxtﬁngnMh‘»ﬁ-xmw\\\\%}\\\i}\\&\i .% © L e
®0.9F 0 ! E 38 ﬂ‘ __________
fDU 0 0.2 0.4 0.6 0.8 '

Large-Rjet
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Leptoquark = bt

Renewed interest in leptoquarks with appearance of B-anomalies
Scaler and Vector LQ production (Yang-Mills and Minimal coupling models) considered, cross —section limits set

P LA I B B B T T T 4— T T T T T T T T T ] § 10 E T I I I I I I I I I I I I I I I
S 4oL ATLAS o Daa Uncerlaimy o & - ATLAS it Singie + Non 108, (Obe.imit £ 1) oy ATLAS —— Obs. limit -~~~ Exp. limit
> Vs=13 TeV, 139 fb™ i E 3.5~ . Single + Non-res. (Exp.limit + 16) _7] £ y
0 s=13 TeV., i -5 3 =2 O {s=13Tev, 139" Total (Obs it 1) ] E Vs=13TeV, 139.0 b
Post-Fit, g Thaq - Ly ( )x10 ] = - o e = —_ o, Exp. £ 10 Exp. + 20
103 & High b-jetp, SR . 2 - 99 cL S Total (Exp it o) 5 £ 9%%CL : ;
! et ko == U103 % 8 . a3 U} model, High b-jet p, only Preferred by B anomalies E L TiopThad i TigpThad U T Thad U ToagThad
1 (©)] - Interference with SM neglected Excluded region 4 s 1F Low bejetp. | High b-jet p | Lowbietp. | Highbietp. 3
25 = : T T | T "
1 02 E C m [5) ' ' :
E c = b
T 2 - =] (b
10 o = 3
155 = o
1 | - : .
1 L1 [ 1= : o]
< T T T T T T T T T o L5t =
R | | | - -
S e *\\\*\\\\\*\\\\;\\\\\t\\ﬂ*\\\; %\ \\ 0.5 =
% 08— - i 3
S0 1.t 000 1800 - 2000 2800 3000
400 600 800 1000

mU:«M [GeV]

St: the scalar py sum of the leading b-jet and 2 T two thad-vis
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Leptoquark Summary plots

'Y"’{v:rr
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2HDM + a, Dark Matter
Combination
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Summary

Overviews of measurements and searches provided

= ATLAS has the most precise W mass measurement

= ATLAS has the most precise &g measurement using Z pr

= Differential cross sections of H - WIW shown, and evidence for H = Z y provided
= WW scattering & 44 cross sections presented, plus Majorana neutrinos shown

= High mass Vy searches search for massive new particles, X°, X*

= 4t and boosted tt production cross sections shown

= Leptoquark searches and combination plots show no evidence of LQ

= 2HDM + a, Dark Matter combination show no evidence for 2HDM + Dark matter
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W-Boson Tagging

Top-Quark Tagging

ATLAS-CONF-2017-064
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