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LHC @ Run 2-agiantleap! .
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Energy increase:

108

e p-p:8TeV->13TeV (CME)

« HI energy/N=13 TeV*Z/A s

(Pb-Pb: 13 TeV*82/207=5.15 TeV)
Cross-section increase: ’
« ~x2 for dominant Higgs production ;

[normalization; shape]
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LuminOSity increase: Center-of-mass Vs / TeV

e ~x4 for ttH, HH, tt
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ATLAS detector

ATLAS Collaboration
38 Countries 25m
175 Institutions
3000 Scientific Authors total

_________ATLAS

Magnetic field
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EM calorimeter
Hadronic
calorimeter

Muon

Trigger

2 T solenoid
+ toroid: 0.5 T (barrel), 1 T (endcap)

Silicon pixels and strips
+ transition radiation tracker
olpr = 5-10“p; + 0.01

Liquid argon + Pb absorbers
o/E = 10%/E + 0.007

Fe + scintillator / Cu+LAr (10A)
o/E = 50%/\E + 0.03 GeV

olpr=2% @ 50GeV to 10% @ 1TeV
(Inner Tracker + muon system)

L1 + HLT (L2+EF)

innermost pixel layer R=3.4cm

Toroid magnets

Muon chambers

Solenoid magnet

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

Tile calorimeters

LAr eleciromagnetic calorimeters

Transition radiation tracker

Semiconductor tracker
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Getting to know

L—_lIGGS boson
23l discovery
the 125 GeV scalar
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Higgs mass measurement

HIGG-2020-07
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«* Combined unbinned maximum-likelihood fit

¢ The result is statistically dominated!
¢ Largest systematics come from muon

momentum scale and electron energy scale
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NN output to parameterise per-event resolution and composition

—e— Total
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* Stat. Only
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Legacy Run2 Higgs mass (4l+yy combined - both ~0.2GeV) expected @ 0.14GeV
(approaching 103 precision!). We know top mass to 2x10-3, W mass to 2x10*
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Higgs couplings combination
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Excellent agreement of couplings across
three orders of magnitude of particle mass!
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HIGGS boson

discovery

Nature 607, pages 52-59 (2022)
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PRL 114 (2015) 191803



https://www.nature.com/articles/s41586-022-04893-w
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.191803
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Ratio to SM

Higgs couplings combination
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Production process
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Decay mode



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.191803
https://www.nature.com/articles/s41586-022-04893-w

Understanding the Higgs potential...

ggF: 90% of SM x-section (interfere destructively)

VBF: will help in the future
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ATLAS-CONF-2022-050

bbyy, bbt:1- and bb bb

Non-resonant HH search
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/

Does Higgs sector contribute to CP violation?

HIGG-2020-08 O som o
g Lo ATLAS
£ O \s=13Tev, 139 1"
©  goE= m,e[118, 132] GeV
= - TT+TL+LT
) 50:_ —4 Data
VBF H —vyy R S
= 303_ 2\ Syst. Uncer.
&
< *F
In lack of CP-odd R =
contribution the » @ wof LyEem
distribution of OO o sl iVEF@-006)
: : e
IS symmetric s et 5 ; : 1
00,
00=2-Re(M"sm-Mcr-odd)/ | Msm |2
Obtained:

the most stringent constraint on the dimension-six CP-odd
contribution to the H-V interaction EFT Lagrangian.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-08/
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https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2
https://arxiv.org/abs/2201.11428

Plethora of Standard Model physics measurements

ATLAS Standard Model summary plots

Standard Model Production Cross Section Measurements
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WWW observation- gauge couplings in action

Phys. Rev. Lett. 129 (2022) 061803
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WZ - joint helicity states & longitudinal polarization
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Data - theory comparison of inclusive hard y

ATLAS-CONF-2022-065

Data compared to: NLO QCD JETPHOX and SHERPA
and NNLO QCD predictions from NNLOJET and various
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-065/

Elastic p-p scattering and total cross section

Fundamental physics using Absolute Luminosity For ATLAS :
» Thanks to the acceptance of ALFA and *=2.5 km, the kinematical reach goes
down as low as -t = 2.5 x 10~ GeV? allowing for extraction of f,(t) &

p=Re(fq(t))/Im(fs(t)) thanks to CNI.
» The total cross section is then obtained owing to the optical theorem (~Im(f.(0)))

o~ - . :
> - ATLAS +
) - ] 3 .
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': :*T:Q. 10° 1
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C - = C TOTEM
2 = -1 3 | s Lowerenergy pp
10 = 340 “’b 200— o Cosmic rays
E o 2016 data - —— COMPETE HPR1R2 ) . .
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https://arxiv.org/abs/2207.12246

Pb-Pb: The photon collider yy— 1t candidate

ATLAS

EXPERIMENT
: 366268 )\\/

Event: 3305670439




Pb-Pb: yy— 1t and r-lepton magnetic moment

1.44 nb~! Pb+Pb collisions @ \/sNN—s 02 TeV (2018)

£ 350" T T | £ 9000 T T £ 350 T T T T
2 ATLAS E ATLAS E S ATLAS 1
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o # Data, 1.44 no” E oData, 144nbT ¢ Data, 1.44nb" |
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STDM-2019-19

a,=1/2 (g, - 2) of charged leptons (electrons,

L e T T T
muons, and t-leptons) - cornerstone tests of OPAL 1998
the SM: asy = 0.001 177 21 (5) L3 1998 .
DELPHI 2004 ——o—— ATLAS
Dedicated reconstruction of low p; hadronic 7’s | PoP o -0.02TeV, 144 n”
H ) . H1T-SR ——— @ Best-fit value
PL fit to three SR’s and uu CR => reduction of L3T-SR . ' — 68%CL
. . . 95% CL
main systematics (photon flux, lumi, etc.) 1e-SR ——@ .
Combined —————— _._
- Expected __.__
U = 1.04+0.05 (stat) +0.03 (syst) o e A S SRS

1 a,
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Constraints on the anomalous a,


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-19/

THANK YOU
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. Jofthe 125 GeV Higgs

Eur. Phys. J. C75 (2015) 476
CMS JCP:

Phys. Rev. D 92, 012004
Testing for alternative J
scenarios using decay
kinematics.

ZZ: full kinematics available
WW: m#, pr¥, 29t and my Note: Landau-Yang theorem

vy: cos(Ocs), pr* precludes J=1 hypothesis in
the presence of H->yy

Q= (6%, D,0,,0,,®

(my, my, myp, Q) / f
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Run 2 (36 fb') H->t1

ATLAS Pphys. Rev. D 99 (2019) 072001

- Vs=13TeV, 36.110"" e

-o- Data 2015+2016 7|
COH->rr (u=1.09) —|

Il Other backgrounds
[] Misidentified 7
772 Uncertainty

> - T T T
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O 150 S
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e [ ,
Cg 100_—
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o L
o I
> 50
m —
= i
o 4F
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5 o
5 5
50

Ny
o
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miNC [GeV]

Signal strength: n=1.09 +0.35-0.30

Significance:
@ Run 1:
Significance:

S=4.4(4.1 exp.)o

$=6.4(5.4 exp.)o

MMC: Nucl. Instrum. Meth. A 654 (2011) 481

CMS Phys. Lett. B 779 (2018) 283

35.9fb" (13 TeV)
>1800_| LI L B B LB ..I..I|.:..I|.I..I.|.I..I.ll...l.ll..l..l T—]
() C i
) C CMS 40F +4-Obs.-bkg. ]
= 1600}~ -]
_'(2 B 30 — Hott ]
c 1400 —$- Observed o0k ]
(]>) [ — Hotr (u=1.09) |:| Bkg. unc. ]
O 1200 2 b 3
] C I wejets A - ]
(0] - . * .
E 1000+ QCD multijet —
(_J) C Others -10f ]
(] [ []Bkg. unc. e ————
= 800 M ek e 0 50 100 150 200 250 300
m C GeV) 1
Q" coof- Ojetig, 00V 2
2 L VBF: 1,1, ]
< 400 ! —
7)) C ) Boosted: 7,7, ut , €t ey 7
QOO-Fo— ]
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Significance:
@ Run 1:
Significance:

Clear observation!

p21

| Signal strength: p=1.09 +0.27-0.26

S$=4.9(4.7 exp.)o

S=

5.9(5.9 exp.)o

SVFIT: J. Phys.: Conf. Ser. 513 022035



ATLAS Phys. Lett. B 784 (2018) 173

Run 2 ttH

CMS

PRL 120 (2018) 231801

511" (7 TeV) + 19.7 fo™' (8 TeV) + 35.9 o™ (13 TeV)

T | T T T T | T T T T

@ Observed

CMS — +1G (stat @ syst)
ATLAS e Total Stat. [ Syst. — SM a : —olos)
{s=13TeV, 36.1 - 79.8 fo! FHOWWH) 2 mg— T P0G
Total  Stat. Syst. -
ttH (bb) I.E|_| 079+ §& (% g3 ,%053) ttH(ZZ") » ;
t i r— 0.42 0.30 ttH(yy) s
ttH (multilepton) H—— 156+ g4 (* g2 » ) L :
ﬁH(T*"‘L‘-) ——*f——
ftH (vy) ———t— 139+ 098 (£ 0% . 0%) - |
ttH (ob) — -
ttH (22) <1.77 at 68% CL i
_____________________________________________________________________________________ 7+8 TeV -—-—.—-—
i 0.28 B
Combined H=e=H 1.32+ g% (+0.18,+ ) 13 TeV :
. Cl ] Ll Ll | Combined !
—1 0 1 2 3 4 3 SO s Y
M -1 0 1 2 3 4 5 6 7
Oy Oy o

Higgs decays to WW*, ZZ*, yy, tt, bb considered
Multiple categories. Final ML fit to bins in log,,(S/B)

Signal strength:
Significance:

@ Run 1:
Significance:

n=1.32 +0.28-0.26

Signal strength: n=1.23 +0.45-0.43

$=5.8(4.9 exp.)o Significance: $=3.2(2.8 exp.)o
@ Run 1:
$=6.3(5.1 exp.)o Significance: S$=5.2(4.2 exp.)o

Observation! At last ©
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Run 2 (139 ') VH, H->bb

ATLAS Resolved VH->bb arXiv:2007.02873 (2020)
40 amas T pw Boosted VH->bb arXiv:2008.02508 (2020)

E Vs =13TeV, 139 fb" Bl VH, H - bb (u=1.17) ]
35E 0+142 leptons I Diboson B
305 2+3 jets, 2 b-tags B-only uncertainty
E Dijet mass analysis = .
© Weighted by Higgs S/B E Slgnal strength: u:102 +0.12 +0.14

25

Significance: $=6.7(6.7 exp.)o
Significance (ZH): S=5.3(5.1 exp.)o

Events / 10 GeV (Weighted, B-subtracted)

e it Boosted analysis: measurement at high pr - increased
m, [Gev]  Sensitivity to BSM physics

All backgrounds except VZ subtracted
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Observation of H->u*u" (ICHEP2020)

ATLAS: VBF candidate

CMS: ggH 0O-jets candidate

Run 2 (139 fb)

ATLAS: Phys. Lett. B 812 (2021) 135980
CMS: JHEP 01 (2021) 148

p24


https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub
https://link.springer.com/article/10.1007/JHEP01(2021)148

SM Yields & Signal Resolution
ATLAS CMS

m,, € 120—130 GeV: m,, € 115—135 GeV :
> VBF: 18.6 / 369 > VBF: 48.0 / 9420 (28.5/530)
> ggF: 843.0/ 441185 m,, € 125.38 GeV +t HWHM:
> VH: 47 / 412 > ggF:  890.8 / 155310
> TtH: 12/15 > VH: 41/ 65
> TtH: 119 /4403 (2.0/11)
(~52% overall efficiency) (~58% overall efficiency)
02 name of the game: resolution! (13 TeV)
> B ' ] s Ol T o o T T T
& 0.18E ATLAS Simulation E 30095_ CMS Simulation E
Ay 0.16f /s =13 TeV, 139 fb-1 —f 0-085— Category: Category: _E
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g 0_12:_ VBF Very High 0-jet Very High - 0-075 & Signal simulation & Signal simulation é
g O 15_ ¢ I\S/IC ¢ MC _E 0-065_ Parametric Model —— Parametric Model _E
= -1~ — Signal model — Signal model ] 0.05F 3
008:— mCB= 1247 Gev mCB= 1248 Gev _: ; HWHM = 2.12 GeV HWHM = 1.47 GeV ]
0.06 Ocs = 3.0 GeV Gp=26GeV ZZ:
0043_ | é 0.02E
0.02]- = 0'_01§
110 115 120 125 130 135 140 Ol T L e i

124 126 128 130132134
m,, (GeV)
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ATLAS

Obs. (exp.) significance: $=2.00 (1.70)
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What is out fate?

Higgs potential and self-couplings

The confirmed BEH mechanism depends barely on the local expansion
of the Higgs potential

200 Unstable (black) Measu values
Higgs '

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

potential

100

Top Quark Mass (gigaelectron volts)

50

0 T T 1
0 50 100 150 200
Higgs Mass (gigaelectron volts)

H ___y Higgs self-interaction probed e.g.
H via the di-Higgs production (0.1%
. of pp->H x-section).
“H ---H  Currently not observable, unless
New Physics contributes!



LHC: the top factory

275 million top quarks produced in 140 fb-’

\\
\
\

ATLAS
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LFU: any sign of “new physics”?
T / U ATLAS NATURE Phys. 17 (2021) 813-818

» Use large tt sample as clean probe of W bosons (di-leptonic decays, tag(e,|)-
and-probe (u) )

» Measure ratio of prompt (W—puv) to softer, delayed muons from tau decays
(W—tv—pvv v)

» Also motivated by long-standing 2.7¢ LEP deviation Phys. Rep. 532, 119-244 (2013):
R = BR(W—1tv) / BR(\W—puv) = 1.070 £ 0.026

E E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII E T T T | T T T T T T | T T T ‘ T T T | T T T | T T T |
S E 3
= ATLAS ¢ Data 3
E B —=— LEP (Phys.Rept. 532 119)
5 10 {s-13Tev, 139" [JPrompt u (top) ATLAS ATLAS - this result
@ 10°8 Signal Re%mn M- ?1 Z(mpé - Vs =13TeV, 139 fb" Statistical Uncertainty
& - ﬁ:)it, '2:?1<pT<250 GeV E; (_izon ecay) 3 [ Systematic Uncertainty
w 4 B — .
10 I Other SM processes = : —e— Total Uncertainty
10° 72 Uncertainty . "E"
107 < :
3 o
10 :
Il 1 | 1 1 1 i 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 1 | 1 1 1 |
5 10; E 0.98 1 1.02 1.04 1.06 1.08 1.1
o Q;/k//f/i//%////%/////////%////////;%////%////%/////////é R(z/w)=B(W—1v)/B(W—->pv)
%0'(?8 IR R PN FURER P P A FERE P PR
O

0 0.05 04 045 02 025 03 035 04 045 05 R = BR(W—tv)/BR(W—pv)=0.992 £ 0.013
d | (mm]
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The photon collider yy—yy candidate

—

A ATLAS Pb
+Pb
“ !i( 'gl!fﬂ EXPERIMENT
WE - \ _ﬂ Run: 287931
l,__l,r TAIENER \p_(“,l_\Lp Event: 461251458
7T TTTTUVIY I8 | 2015-12-13 09:51:07 CEST

NI __ & | L | | T W g

*\\?\

Nature Phys. 17 (2017) 852-858



The photon collider

Quasi-real photon flux

Quantum nature of EM

I |&
b E

Pb

Pb

Pb(’)

’ ey

Pb(")

ATLAS JHEP 03 (2021) 243

Prob

Pb

Pb

e BSM effects

Pb(’)

Pb(%)

m,,>5 GeV, p7<1(2)GeV, no tracking activity, no activity in the forward region

Events / 0.005
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EE Syst. uncertainty
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50 E
45  Signal region :ATLAS =
a0t PD+PD |5y = 5.02 TeV

35; —e-Data, 2.2 nb™ E

% 02 0.4 06 0

.8

[Isignal (vy = vv) -
[CJCEP gg — vy 3
[ yy—ee E
B Syst. uncertainty E

2004 [
12 14 16 1.8 2 22
Pl [GeV]

=> (within 20 from SM predictions)



