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https://cgc.physics.miami.edu/Miami2021.html

INntroguction

+ A central feature of the SM is the existence of a spineless
qguantum field that permeates the universe and gives mass
to massive elementary particles

« One of main goals of particle physics is testing the existence
and properties of the Higgs boson

Higgs to fermions:
2nd and 3rd generation
Quarks and leptons

+ Three types of interactions (“couplings”) between Higgs and
massive particles:

- Gauge couplings to the mediator of the weak force, the

W and Z bosons Higgs to bosons:

- The Yukawa interaction to fermions Discovery in 2012
Evidence of BHE EW : :
- H |- linq:
- “Self-couplings” of the Higgs to itself symmetry breaking '9gs SeCOUPINg

trilinear coupling is
directly accessible

~ through Higgs boson pair
- A powerful test of nature of Higgs Higgs to invisible: production

Higgs coupling to
neutrinos or dark
matter?

- Experimental determination of these couplings

- A possible portal to new physics (coupling structure)



| HC and ATLAS detector
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector ~

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker

The one of two general-purpose
detectors at the LHC




A new schedule for the LHC and I1ts successor
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SM Higgs boson production at LHC

48.5 pb 3.78 pb 2.25 pb 0.51 pb
g t/b
Main .l Seeeeee v Soeen . NS N L H
g t/b
Gluon-fusion Vector boson
ggF (~87%) fusion (VBF) (~7%) VH (~4%) ttH (~1%)
g b q ql
Difficult/Rare  H

H tH (~0.1%) 0.09 pb

g b g b
- Distinct topology from many production modes
- Rare/difficult production modes are important for beyond the SM (BSM) scenarios

- Accuracy from theory calculations: inclusive o (ggF) calculated at N3LO in QCD and NLO in EW, with 5% uncertainty



HIQQgS Dboson aecay

- The SM predicts 4MeV total width: far below detector

resolution!
SM BR [%] with
H%ff T H—VV W* ) z*
b, u / Decay channel mH = 125.09 GeV
_______ . 58.1
H L N 1
21.5
b 7-+, u+ 17 V2 |
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/72
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- Most sensitive decay modes: yy, ZZ, WW, T T,bb  [risssssssmsssnsnamasnnnnnsaannnnnd- oo oo mrm oo oo
2.88
.- High invariant mass resolution in yy and ZZ—41 [ 818 """"""""
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https://arxiv.org/abs/1610.07922

Discovery of sM-like Higgs boson
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ATLAS 2011-12 {s=7-8 TeV

The Nobel Prize in Physics 2013 was awarded
jointly to Francois Englert and Peter W. Higgs "for

e e s | | - C the theoretical discovery of a mechanism that Discovery opened a new era of particle

contributes to our understanding of the origin of

mass of subatomic particles, and which recently phySiCS: detailled measurements of the

was confirmed through the discovery of the

predicted fundamental particle, by the ATLAS and nggS sector at the LHC
CMS experiments at CERN's Large Hadron

Nobel Prize corider.
2013 7




What we got from Run1 (partial
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-17/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-14/

RuUunZ2 data taking

- RunZ2 data-taking successfully finished in 2018

- 139 fb! of 13 TeV proton-proton collision data collected by ATLAS in total after data quality (DQ) requirements

thanks to the excellent LHC performance
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ATLAS Run 2 Higgs boson property studies

Phys. Lett. B 784 (2018) 345 Phys. Rev. D 99 (2019) 072001 Phys. Lett. B 784 (2018) 173 Phys. Lett. B 786 (2018) 59
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MH Mmeasurements updated observation of H—=TT observation of ttH observation of H—»bb/VH
by a single experiment

- Just with partial Run?Z statistics

« Our focus will be on the combined measurement of production cross-sections and decay rates of the Higgs boson,
and various interpretations of the results
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-33/

Many hands (from Run2) make light work

+ Rich pool of analyses performed by ATLAS

- Major improvements in performance and analysis methodologies ( a lot of MVA )
+ Every measurement consists of one or more signal regions, designed to selected target Higgs production / decay

- Analyses trying to provide more granular information on the Higgs

Higgs 2021 Conf. note:

Decay channel Target Production Modes £ [fb™']
= Inclusive measurement:
H — ~~ ool VBF. WH,ZH ttH,tH 139
7 77 ggl', VBF, WH, ZH, ttH(4() 139 + Cross sections ( 0 )
ttH 30.1 |
H s W ggF, VBF 139 - Signal Strengths ( u = o -Br.obs. /
ttH 36.1 o - Br.Ss™M )
H - ggF, VBF, WH, ZH, tEH(ThadThgd) 139 | |
ttH 36.1 » Coupling strength scale factor relative
) WH,ZH 139 to SM ( x framework, k = 1 for SM)
H — bb VBEF 126
ttH 139 Differential measurements:
H — pp ook, VBF, VH ttH 139 e .
H = Z~ oo VBE,VH.{H 139 Simplified Template Cross Sections
T — s VBE 139 ( STXS ) framework
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

Combination

- Why combination?

- The individual analyses is probing different production processes, decays and also different kinematic regions

- We can obtain the best results from the combination of the

iIndividual.

- Construct combined likelihood model as multiplication of
individual channel likelihoods

- Common parameters, e.g. sighal cross-sections and
nuisance parameters for the same systematic
uncertainties, are shared between likelihood of
Individual channels

- Use profile likelihood ratio A as test statistic:

L(a,6())

L(&,0)
- 1-D 68% confidence interval defined by -2In /A increasing
by 1 (asymptotic [imit)
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Eur. Phys. J. C 80 (2020) 957


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/

Inclusive signal strength

+ Global signal strength (o -Br.)obs. / (o - Br.)SM, assuming a common scaling for all production processes and decays

u =106 =+ 006=106+ 0.03 (stat) £ 0.03 (exp.) = 0.04 (sig . th.) £ 0.02 (bkg . th.)

- The uncertainties on (o -Br.)SMtaken into account

ATLAS Preliminary m— Total
E — 13 TeV. 36.1 - 139 fb_1 Remove Background Theor
m, =125.09 GeV, IyHI <25
= 35%

+ Comparable contribution from statistical,
experimental, and signal/bkg. theory
uncertainty components

-21n A

Remove Signal Theory

-------- Statistical

'DSM

- 10% improvement in accuracy
comparing to ATLAS- CONF-2020-027,
44% improvement comparing to Runl
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
https://link.springer.com/content/pdf/10.1007/JHEP08(2016)045.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

Production mode cross-sections (assuming the SM BRs)

ATLAS-CONF-2021-053

Precision improves by 2% - 27% thanks to improvements in the individual analyses

ggF cross-section now measured with precision of 7%, close to 5% uncertainty on the N3LO cross section prediction

All major production modes observed

Small correlation between measurements of different production modes

{s=13TeV, 36.1 - 139 fb™

ATLAS Preliminary

| | b | I I.l .I I | L | b | b | b | b | L | b mH=12509 Gev, IyH|<25
ATLAS Preliminary e Total Stat. IIm Syst. | SM T s
Vs=13TeV, 36.1- 139 fb O 0,02 0.04 08X
m, =125.09 GeV, ly | <2.5 <
_ @Ro 0.6
Pgy = 63% Total Stat. Syst.
I O\vBF —0.4
agF H=e| 1.02 =007 ( =004, ig:gg) 0.2
VBF H—=——H 113 01 (=008, oog) O pym —0
WH —t—= — 1.30 02 (=017, oio) —-0.2
o —-0.4
ZH
ZH H——— 0.88 o5 (o, ona)
—-0.6
HH+tH ° L 0.96 +0.19 043, +0.14
I | ! ~0.18 ( 0.13 -0.12 ) OtTH+tH —-0.8
| | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1

06 08 1 12 14 16 18 2 22 24 26

L L I I I
. . S 2 = N =
Cross-section normalised to SM value ° S S ° I
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

Simplified template cross section (STXS)

- Extension of inclusive-style measurements

- Measure cross-section per production mode

IN O

Ifferent phase-space regions

- Reduce model dependence and maximize

sensitivity to BSM effects

- Support kinematic-dependent interpretations

(EFT etc.)

- Within each region, use the SM predicted signal
templates to fit data

pH < 200 GeV

= 0jets

= 1jets

- Can still exploit powerful analysis techniques (e.g. MVA)

qq — Hlv pp — HU

15

|
> 2jets
# g = #

ATLAS-CONF-2021-053

> 2jets

|
m, < 350 GeV

mjj Z 350 GeV

pif < 200 GeV



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

STXS results |

|
pil < 200 GeV
| |
= (jets = 1jets > 2jets
= #

I

[ |
mj; < 350 GeV m; > 350 GeV
|

[
A < 200 GeV

ATLAS Preli minary - Total Stat. Syst.
- 0.14 0.12
Vs=13TeV, 139 fb” B,,/B,. .E' 1.09 01 (012 "1 006)
0.28 0.23 0.16
m,, = 125.09 GeV, |yH| <25 B,y/B,,. o ——— | 0.78 fg_ﬂ ( fg_}? ; J_rg_g);)
+ U. + V. + V.
Py, = 92% Byw/Bzz: 1.06 Z543 ( Zo40+ —008)
BTT/BZZ* 0.86 +0.16 ( +0.12 +0.10 )
——e— Total [ |Stat. -0.14 1 -0.10 > -0.09 I [ mmmmmmm e e e e e e e e oo R e LR b R L Ert
' . . . ' 1
-099\ -0.93°-0.35
Total Stat. Syst. : > 2-jet, m; < 350 GeV, VH veto o m— 2.98 f}:gg ( f]:gg ,fg:gg )
0-jet, p¥ < 10 GeV 0.89 022 +0.19 +0.11 : > 2-jet, m; < 350 GeV, VH topo = —— 100 Z025 ( Toa7:T023)
) i H 0.49 0.44 +0.22
O-jet, 10 < p¥ < 200 GeV 1.14 i8;]2 ( £0.12 Z8j83 ) : 2 2-jet, 350 < my; < 700 GeV, p < 200 GeV == 0.33 o7 ( To4a1sl0os)
1-jet, p/! < 60 GeV —— 057 +028( "% +o.18) ' Hoo x B > 2-jet, 700 < m; < 1000 GeV, pf < 200 GeV 095 *ois( T0ar s 0a1)
— U. 1T I H >< . — V. — V. I — .
1-jet, 60 < p'’ < 120 GeV 106 *020( 05 01s) , TR 2 2461, 1000 < m, < 1500 GeV, Pl < 200 GeV 138 “020 ( 1045+ 021)
1-jet, 120 < p < 200 GeV 0.66 041 ( +036 4019 . > 2-jet, m;; > 1500 GeV, p* < 200 GeV 115 '3 ( To%e o1a
99=2H> Bz | o iet, m, <350 GeV, p' < 60 GeV R P A . 2et, m > 350 GeV, pi > 200 GeV e
> 2-jet, m; < eV, pll < e e ———] 047 Tioa( 098,720 ) : 2 c-jet,m; 2 , P72 ; 121 "5 ( Zo%a5-012)
2 2—jet, m]j < 350 GeV, 60 S p,7-l < 120 GeV E 0.25 i 0.53 ( i 0.46 ,i 0.26 ) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i H +0.44  +0.38 +0.23
> 2-jet, m; < 350 GeV, 120 < p <200 GeV i 0.54 044 ( +0.88 4023 -8 —6 4 _2 0 2 4 6 8 10
> 2-jet, 350 < m; < 700 GeV, p*! < 200 GeV H————— 276 111 +099 +052,
; ~1.04 \ -0.931-0.45 I
> 2-jet, m, > 700 GeV, p¥ < 200 GeV —s——y 074 *1%%( +133 4076, Parameter normalised to SM value
H +0.35 +0.29 +0.19
200 < pH < 300 GeV 1.06 “oar ( Co27- o )
H +0. +0. +0.
300 < p* < 450 GeV 0.65 Coss ( T390 06 )
H +1. +1.37 +0.
pt > 450 GeV Hl———H 186 19 ( T4 0an)

-8 —6 -4 —2 0 2 4 6 8 10
Parameter normalised to SM value 16

ATLAS-CONF-2021-053


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

STXS results |

q¢ — Hlv pp — HC

ne obs. (exp.) sig. for tH STXS bin: 1.00 (0.40)

ne obs. (exp.) upper limit is 9.3 (6.7) times the
SM prediction at 95% CL

observed limit 10% higher than the previous due
to the larger obs. best-fit value

v . . +117 [ +1.15 +0.22 H 0.78 ; +0.72 +0.29
pl<75GeV ‘ L = | 247 “i02( Zy025-012) p; <60 GeV 075  Zoee ( Zosr-021)
v . 1 +0.99 ; +0.97 +0.20 H +053 1 +0.49 +0.20
75 < pY < 150 GeV ————i 1.64 “om ( “oe 010 ) 60 < pff < 120 GeV 0.69 “yaa( Zo420-015)
% +0. +0. +0. 0.55 0.50 +0.23
qq—HIv x By, | 150 < p¥ <250 GeV 142 oI (106l t0%2) - 120 < p!! < 200 GeV 0.86 055 ( +050 023,
v +072 ; +0.63 +0.35 2z¢ H 062 ; +056 +0.25
250 < p¥ < 400 GeV 136 55 ( 048 025) 200 < p’’ < 300 GeV 0.96 io,sz ( “oas :0,20 )
pY 2 400 GeV 191 *140 4122 4079, 300 < p* < 450 GeV 028 070 ( T05e . 0%)
----------------------------------------------------------------- pil =450 GeV e ] 0.16 t}?g( }-‘2‘2 J_’}gg)
pY < 150 GeV = 0.21 Fo7L( 0541080
150 < p¥ < 250 GeV 130 1093 ( +028 +03) tH x B,. = —— —290 o0 ( 135 i)
99/9q—>Hil x B. v 1073, +064 +0.36 | | | | X | | | '| ' ]
250 < p_ <400 GeV 128 "o ( Toass 003) : : S —  —— e e e e e ——
v +128 , +1.04 +0.74
pY = 400 GeV |—+-—'—+—| 039 T.5.( Zoo1s-06s) -8 -6 -4 9 0 2 4 6 8 10
-8 —6 —4 _2 0 2 4 6 8 10 Parameter normalised to SM value

Parameter normalised to SM value
- Most granular, simultaneous measurement (41 PQOls: 37 STXS bins for all production modes + 4 BR. ratios)

- For all bins stat. unc. dominating; only in few syst. unc. matters

. Overall good compatibility with SM ( psm = 92% ) ATLAS-CONF-2021-053

- Statistical precision, in particular in most BSM sensitive regions is still imited: more data to help
17


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

SMEFT

 Introduce new effective operators with free coefficients to capture new physics appearing beyond scale A (typically
chosen as 1 TeV)

- New heavy internal particles are integrated out and are represented as vertices in the new effective theory

« Most common: Warsaw-basis (JHEP 10 (2010) 085) forming a complete set of all dim-6 operators allowed by the SM
gauge symmetries

- Interpretation performed in SMEFT framework
Nde Nag

C; b;
Lsmerr = Lsm + Z A_ZZO’@ + Z A—;Oi(g) + ...
L J

- SMEFT In a nutshell:

- @Zsm Is dim-4, high orders only valid in the low-energy regime E « A

- terms with odd dimensionality violate lepton and/or baryon symmetry and are usually not considered for LHC
physics

- Wilson coefficients ¢ = 0 for SM, deviations might indicate new physics

18


https://link.springer.com/content/pdf/10.1007/JHEP10(2010)085.pdf

SMEFT Interpretation: operators
oo 5

- A= 1TeV and Warsaw-basis

Wilson coefficient Operator Wilson coefficient Operator
CHO (H'H)o(H™H) CuG (q'pa“"TAur)ﬁ GZ‘
CHDD (H'D*H) (H'D,H) Cuw (Gpo*u )Tt HWL,
CHG H'H G’Z‘VGA”V CuB (qpc)' ur)H Buv
CHB H'H B,, B* ¢, Lyl UryPly)
CHW HYH W] Wi Cqy (GpYud:)(Gry"qs)
CHWB Hit'H WL, B* Coy (@p Yt ar)(Gsy' !l qr)
CeH (H'H)(Ipe, H) Coq (@pYua:)(Gry*qs)
CuH (H'H)(Gpu,H) cqq (GpYut" a)(Gry* T gs)
CaH (H'H)(gpd,H) Cuu (il Y gty ) (il y )
& (H'i'D ) (Iyy"1,) e, (@Y ptte) iy m
& (H'i DLH)(T, 7' y"1,) e, (@pyug) iy uss)
CHe (H'iD  H) (2,7 ey) ' (pyu T uy) (dsy*TAd,)
CHa (H'i' D W H)(dp7"r) Cqu (@pYuT"qr) s y* T uy)
CHq (H'i DLH) Gyt vq) co (GpyuTqr) (dsy*TAd,)
CHu (HTiﬁﬂH)(L_tp’yﬂur) Cw EUKWIVW{,IPWK”
¢ (H'i D ,H)(dyy"dy) cG FABCGR G G

« Considering only EFT contributions from the interference
between the SM and the dim-6 SMEFT operators

- pure dim-6 BSM not considered: as being suppressed
by a factor 1/A4, expected to be small
19

|
P < 200GeV

= Ojets

mjj < 350 GeV

==

qq — Hlv pp — HUL

E=

]
| 2JC=S E

=

> 2jets

mj; < 350 GeV mj; > 350 GeV

Pl < 200 GeV

STXS bins

H — 1
H — bb
H =y

H—-WW
H— /77

Decay BR.

ATLAS-CONF-2021-053



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

SMEFT Interpretation: measured parameters

- Due to large number of parameters with complicated correlation, Cannot separately constrain all parameters

- Decompose into subspaces, motivated by correlations and physics concerns

- Set parameters with weak eigenvalues to O and fit resulting parameter set

@)
Ciig

CdH

CeH

AL
HIM He

U
HI® 11

clt
Hu,Hd,Hq"
2!
Hu,Hd,Hq"

[1]
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[2]
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[3]
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1
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12
HG,uG,uH

[1]

Ctop
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026 ISl 042
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0-04

0.04 -1 -0.09
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N
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SMEFT Interpretation: results

Ciis .o (x10)

[1]
Crwv, 8, HwB, Hop,uw uB.w (X 10)

[1]
Cre

o2
HW,HB,HWB,HDD,uW ,uB,W

o2
Hu,Hd,Hg"

3
HW,HB,HWB, HDD,uW ,uB,W

CeH

CaH

ATLAS-CONF-2021-053
- Parameter measurements

ATLAS-CONF-2020-053

- Previous measurements

ATLAS Preliminary
V5 =13TeV, 139 fb!
my = 125.09 GeV, |yy| < 2.5

SMEFT A =1 TeV

— 68 % CL
....... 95 % CL
—o— Best Fit

—-0.15 -0.1 —-0.05

0 0.05 0.1 0.15

____#__

_____+_____

—10 —5

0 5 10
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(1]
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2
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e
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BE)
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A1)

HIO) He (x0.1)
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1 ] T 1 T T 1 T T T 1
ATLAS Preliminary
Vs=13TeV, 139 fb~"
my = 125.09 GeV, |y4| < 2.5

SMEFT A =1TeV

— 68 % CL
....... 95 % CL
—e— Linear
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I R Y B L1
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[ R AR
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[ Y B
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Compared with the previous
results:

- Updated H— T T result, ceH
can now be constrained

- VBF and ttH with H—bb: caH
and Ctop


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

INnterpretation in the K framework

- Assumption: BSM physics modifies only the strength of the Higgs-boson coupling

- Introduce coupling-strength modifiers k to the leading-order contributions to each production and decay

O ( K) X I f ( K) production
O; X Bf =
I'n
- Modifiers on Cross-section and partial decay width for SM process |:
o .
B=0 or iE=—L
J O'SM J FSM
J J

Iggs total decay width: Bi,u: branching ratio of invisible/undetected BSM decays

FH (K, Bi., Bu) — K%{ (K, Bi.a Bu) F?—]M

3 B3Mg?
9) J g
, Bi.,, By,) =
- BSM contributions may manifest themselves as k= 1 or Biu =z 0. ATLAS-CONF-2021-053
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Generic parameterization

- Introduce coupling scale factors for the SM
particles where there Is sensitivity. Not resolving

ggF and Hyy effective vertices

- K zy. first time included as effective H — Zy vertex

INn the RunZ2 combination

- Two scenarios for Higgs boson width

A. No BSM contributions (Bi. = Bu. = 0) (left)

B. Bi and Bu. free parameters and include
VBF, H — Invisible to constraint Bi, kv <1 to

constrain Bu. (assumed to be positive) (right)

- Using tH and gg—/ZH process to constrain
relative sign of t-H coupling ktw.r.t. kwand Kz
excluding the negative k+. 4.3 0 In scenario (A).

ATLAS Preliminary
{s=13TeV, 36.1 - 139 fb”

m—— 8% CL

to remove
i

m, =125.09 GeV, IyHI <25 95% CL
i "‘" | "" assume Kv<1_
__.__ _, redundant d.o.]
_ _-.-_ i _-.-._ i
_ i
_ + _‘_ i
—— ———
- B,=B,=0 | )
- Py = 33% -
| | |
0 1 1 2

ATLAS-CONF-2021-053
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Coupling modifier vs. particle mass

+ Assume no BSM contribution in loop-induced processes

(ggF, H—yy etc.) or total width

- Probe all the coupling strengths for which there is

sensitivity

Parameter Result

- Best fitted values:

Ky 0.99 + 0.06
Improved by 9%~44%
thanks to newly Kw 1.03 £ 0.05
updated updated K 088 +0.11
H— WW,
(VBF, VH, ttH) bb Kt 0.92 + 0.06
and il = T Kz 0.92 + 0.07
comparing to
ATLAS- CONF-2020-027 Ky 1.07 * 05

Good agreement with the SM within uncertainties
across 3 orders of magnitude in particle mass!
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Not enough!

 Coupling to Vector Bosons

e Coupling to 3rd-gen. quarks and

 Coupling to 2nd-gen. lepton

- It Is also accessible to 2nd-gen. quark, ¢ quark as well:

- Targeting VH, categories based on # of leptons and
(c-)jet

+ Challenging: high QCD background / modelling / c-tag
- 1 <26(31) x SM obs.(exp.) @ 95% CL and |k¢|<8.5

- Included in "ATLAS Higgs combination nature paper"
for 10th anniversary for the Higgs discovery

+ Submitted to Nature, coming soon!

One may wonder how about Higgs self-coupling?
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Higgs self-couplings

- Higgs couplings with the elemental particles ( u, T, b, W, Z, t ), compatible with SM prediction, as shown previously
- Higgs self-coupling is also crucial

- Probe of the shape of the Higgs potential

V =V + A?h% + Avh® + h* i = 2
2 2 AHHH
= Vo + gmih?® + 550h° + g3 bh*  my = s =
HHH

- Standard Model (SM) prediction: the Higgs boson self coupling A =~ 0.13

- However, the new physics can alter A, thus measuring «; Is important for

ooth studying the Higgs boson and probing physics Beyond the SM (BSM)

-+ Single Higgs prod. / decay: self-coupling presents in higher order diagram

W/Z

Indirect! 26



K 1N DI-HIgQgs production

- Di-Higgs production provides a direct access to A

& TGE660000——>——¢ ———— -~ H
At/ Y
8 GE66060d—<—o——————- H
ggF HH VBF HH
31.05 b 1.73 b

8 66600601 , H
K d
L t/b @
> H
8 760666007 S H
- Around 4k HH events expected to be produced during the Run 2, complementarity and combination of various decay
channels to maximize the sensitivity

bb WW TT /7 Y,

Measurement pertormed by recent ATLAS Di-Higgs analysis:
« HH—=bbyy : ATLAS-CONF-2021-016

bb

WW 4.6%

- HH—bbtt : ATLAS-CONF-2021-030

And:
- Combination: ATLAS-CONF-2021-052

TT 7.4% 2.5% 0.39%

Z/ 3.1%

Yy 0.26%
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HH—Dbbyy

. 0.26% of total HH BR, clean H—yy signature for the trigger, selection and excellent resolution A TLAS-CONF-2021-016

« 2 photons with Et> 3b (25) GeV; 2b- jets (DL1r, 77%)

- 105 GeV < myy < 160 GeV — final discriminant for fitting simultaneously in 4 categories:

- split by Moy, ( = my,,, —my,, —m,+ 250 GeV ) at 350 GeV, and then further split by BDT into tight and loose

—_ 1t |
_I | | | | | | | | | | | | | | | | | | | | | _] - ] . .
@ 8- ¢ pata ATLAS Preliminary _| 2 | ATLAS Preliminary ~— Observedlimit (95% CL)
O T /s =13 TeV, 139 fb™" - T | 5=13TeV, 139fp~! ~~~ Expectedimit(85%CL) -
LO L Continuum Background 1y & ’ - I ' - ’ [ Expected limit 16 |
Ql —bbyy — . ~4 HH—Dbbyy -
B T | Back d H| h mass BDT t| ht 7 IE-IS 10 : [ 1 Expected limit +2c
; 6 otal Backgroun 9 gnt i i E== Theory prediction
e ] ] ) ‘ Y¢ SM prediction
O = I
g 4] - > 103
2 T~— 1 1 — 102k
— \\\‘H— — - Observed: Ky € [-1.5,6.7]
] 1 ? 4T T T 117 ] Expected: x) € [-2.4,7.7] _
| | | | | | | | | | | | | | | | | | | | | | | | | | |
) I T R S T E R S T EE S
Obs. (exp.) upper limits on onH are set as 4.1 (5.5) times the SM 2
prediction at 95% CL Obs. (exp.) constraint on k; is -1.5 < x; = 6.7( -2.4 < x;, <7.7) at 95%CL
5x improvement comparing with previous result (25xSM), 3x Previous limits (36.1 fb-! analysis): -8 <k, < 13

due to analysis improvement
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HH—DbbTT

- 7.4% of the total HH branching ratio (BR): relatively clean signature and low background ATLAS-CONF-2021-030

. Signal signature: two b-tagged jets (DL 1r tagger, 77%) and thad thad / Tiep Thad With opposite charge

- Multivariate (MVA) method used for signal and background separation

<+ 107 "'|"'|"'|"'|'"|"'|b't'|"'|"'|"' 5105 L L L L L L L A A B A
. i e Data [ « imi o ]
2 i 27_11':15 r1e3I;r?;Tary — SM HH at exp. limit — ATLAS Preliminary Observed limit (95% CL) 1
~ _ | _ — L i o _
2 op T | VE-13Tev qoit T EPeReei SO
2 Sianal Real had L e b— [ Expected limit £10
TR ignal Region Z — v + (bb,be,cc) = 4 HH— bbTt™T o
I Jet — T, fakes (tf) w 107 [ 1 Expected limit £20 E
I Other g R C -
10° SM Higgs > E== Theory prediction
. [ Uncertainty o3 s’¢  SM prediction
10° e Pre-fit background O@
103}
10° )
10 B 7 N e
1 | 102}
R S —— :: = Observed: Ky € [-2.4,9.2]
®
QL_ 1}. @ O g SN \\Q\\\\\\ \\*\\\*\\\\*\\\\ \\\\$\\§§1\¥ EXpeCted K)\ e [—2 .O, 90]
"C\E : | | | | | | | }
® AECeoc ey Ll !
005—1—08—0604—020020406081 0l e o e
BDT score -10 -8 -6 -4 -2 O 2 4 6 8 10
Observgd (expected) .upper limits on the SM .HH Observed (expected) constraint on k. is
production cross-section are set as 4.7 (3.9) times the
SM prediCtion at 95% CL 2.4 < Ky = 0.2 ( -2.0 =< K) = 90) at 95% CL
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Kn Measurement from the HH combination

- Performed statistical combination for different HH analyses to maximize sensitivity to SM and BSM HH production

- Including bbrr and bbyy: bbrr has better sensitivity at around «; = 1 due to more boosted signal and higher BR, while

bbyy outperforms at high «; values due to high acceptance ATLAS-CONF-2021-052
- Systematics correlated where appropriate (like luminosity, flavor tagging, signal theory uncertainties, etc)
ATLAS Preliminary I(I)bser\/edI g 104 i ATLAS Pre||m|nary —— Observed I.im.it (95% CL)
VS =13TeV 139 -1~ Expected f Vs = 13 TeV. 139 fb- - == Expected I|m.|t (.95% CL)
oM. VBF=3,2'78 ) = Comb. exp. limit = 1 0 T : ’ 1 Comb. exp. limit 10
o [1 Comb. exp.limit+x20 \'L: 1 Comb. exp. limit +20
g BE== Theory prediction
+ * SM prediction
Obs.  Exp. 5103t
o |
bbtHt™ |- ¢ 46 3.9 - j=====___________===_~ -
: 2
bbyy ¢ 43 57 - 10 :
: [ Observed: k) € [-1.0, 6.6] - EEW
i - tT"
Combined - ® 3.1 3.1 | i EXpeCted: K\ € [—12,72] —— Combined -
\ N A | | ' R 101...|...|...|...|...|...|...|...|...|...
1 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
95% CL upper limit on signal strength K\
Obs. (exp.) upper limits on oy are set as 3.1 (3.1) times SM prediction Obs. (exp.) constraint on x, is -1.0 < k, <6.6(-1.2<x, <7.2)

The best constraints on HH signal strength and k, up to date!
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Conclusions and outlook

- Combination of analyses based on up to 139 fb-! of Run 2 data improves

precision ATLAS-CONF-2021-053 | o Y{ST?M TeV, 3090be°‘?9' experiment
- All measurements in good agreement with the SM within current ;?etx:lstical ATLAS and CMS
uncertainty, but still space for new physics. —— Experimentsl HL-LHC Projection
_ —— Theory Uncertainty [%]
- The latest HH searches with bbzr and bbyy presented, as well as the HH | Tot Stat Exp Th
Ky . . .
combination ATLAS-CONF-2021-052 I == AR Tt T8
o . . . . Kw = 17 08 07 13
- Significant improvement on the results comparing with the previous |
publications: Kz B 15 07 06 1.2
the best constraints on HH signal strength and «, is shown! Kq = 25 09 08 21
g |
- More analyses and combinations in progress using full Run-2 statistics! Ki — 34 09 11 31
. K.
» Full Run-2 and Run-3 will amount to 350-400 fb-1 b P———— e e e
. . K, = 19 09 08 15
- Improvements of analysis methods and treatment of systematics |
K, = 43 38 10 17
- The HL-LHC could dramatically expand our Higgs physics reach ]
Kz 98 7.2 1.7 64

. . . _ O . . . P T P T P T T 1
More challenging environment but 2-4 % precision of the couplings. 0 002 004 006 008 01 012 014

Expected uncertainty
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- Large background, but excellent sensitivity ensured by very good photon efficiency and resolution

- Analysis categories designed to isolate out events from different production modes

In production modes

th

iC regions wi

- Also explores different kinemat
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H—oZZ— 4l (I=e, 1) (139 fo-1)

> 120 _I | | L | L | L | L | L I_ _ch 30 _I 1 | L | L | L | L | L | L | L | L | I I_
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_ : . :

60 - - 157 .
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e T T S ——
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» Very clean channel with high S/B

- Neural networks (NN) used to further suppress bkg. and increase sensitivity to different production modes

Eur. Phys. J. C 80 (2020) 957
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H—=>WW-—-evuv (139 b1
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H—1T (139 th1)

- Exploit three di-T decay channels (TeT u, Tlep T had, T had T had) ATLAS-CONF-2021-044

- Analysis targeting VBF and boosted ggF signal events to suppress the Z— T T backgrounds
x103
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Fraction of total events

VH, H—=bb (139 tb-1)

- Leading analysis for observation of H—bb and VH at LHC ATLAS-CONF-2021-051
- Exploit Resolved (pTV< 400 GeV) and the Merged regimes (pTV> 400 GeV)

1_2IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII EI . —
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ttH channels (36.1 - 139 fb-1)

- ttH multi-lepton (36 fb!): targeting WW, T 7, and ZZ decay modes + ttbar with =1 leptonic W decay

- ttH, H—bb (139 fb-1): targeting ttbar with =1 leptonic W decay. Divide into single lepton and dilepton regions

. ttH, H—yy and ttH, H—ZZ—4| analyses included as part of full H—yy and H—/ZZ—4| analyses introduced before

%) g | | | ] 1 | > L L e B s s L S B BRI =
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VBF, H—=bb (126 tb-1)

- VBF, H—Dbb: exploit VBF topology for trigger
- Forward and central channels: presence or absence of a high pT forward (3.2<|n |<4.5) jet in the event ( VBF vs ggF )

- ANN used to enhance the signhal background separation
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- H—wu u: bump hunting on the large tail of Drell-Yan bkag.

H—=upy (139 o)

+ Current observed ( expected ) significance: 2.00 (1.7 o) and Signal strength: u = 1.2 = 0.6 [ Nsignal(0bs.)/Nsignal(exp.) ]
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VH and ttH categories

ggF O-jet categories

ggF 1-jet categories

ggF 2-jet categories e

ATLAS

|-e- Total

Vs =13 TeV, 139 fbo’ H — uu
Stat. [ Syst. ‘ SM Total Stat. Syst.
| = | 50 +35 ( £3.3, =£1.1)
—— 04 +16 ( +1.5, £0.3)
—o+— 24 12 ( 1.2, £0.3)

VBF categories —— 1.8 1.0 ( £1.0, £0.2)
Combined I-IE-I 1.2 +0.6 ( £0.6 J_rgf )
| l l l l | l l l l | l l l l | l l l l | l l l l | l l l l |
10 -5 0 S 10 15 20

Signal strength

Phys. Lett. B 812 (2021) 135980
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H—=upy (139 fb-1)

- ttH: dileptonic or semileptonic decay of the ttbar

= 1 lepton in addition to the opposite sign muon pair and at least one b-tagged jet
- VH.
- Not selected in ttH
- = | Isolatedlepton in addition to the opposite sign muon pair
* no b-tagged jet
- ggF and VBF:

- Not selected in the VH and tt
- Classified into O-, 1-, 2-jet categories
- 2-jet: Over BDT classifier used to define 4 regions

- The remaining classified into 4 regions based on O- / 1- / 2- Oggr BDT respectively
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H—/y (139 th-1)

- Very rare decay
- The observed data are consistent with the expected background with a p-value of 1.3%
- An upper Iimit @ 95% C.L. on the production cross-section times the branching ratio is set at 3.6 ( 2.6 exp. ) times SM

+ First time included into the Run2 combination

ATLAS

S
My
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—e— Data
— Sig+Bkg Fit
------ Bkg

> -
© 80 /s =13 TeV, 139 fb"’ —
12 All categories _
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< |
[ 60 -
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T
23?2504?§§6226§238 CEST ] l | I I l L 1 1 l__

5 135 140 145
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A candidate H— Zy event with the Z—e+e- Phys. Lett. B 809 (2020) 135754
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H—INVISIDle searches

- The SM expectation for H—inv. BR is tiny (0.1% from H—ZZ—4 v ), but the BR can be enhanced with BSM physics (e.g.

H—dark matter)

Search for missing transverse momentum signature in VBF topology, small contribution form ggF and VH after

selection
Signal StrOng Z+je'tS baCkground CIEI [T T] T T T T T1TT] T T T T T 711 T T T 11717 . I. T T rrrr]
g . S 1% B <011 ATLAS Preliminary
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q Z v 10— R\ e et = —
v _
. _
q 10—47 III | | | IIIIII | | | IIIIII | | | IIIIII | | | IIIII||
1 1 1 10 107 10° 10°*
mWIMP [GeV]

ATLAS-CONF-2020-008
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Production cross-section In each decay channel

I I I I I I I I I I I I I I I I I I I I I I I I I
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_ VBF [-0.12 0.01 o.o4§o.oo 0.05 0.01 o.oogo.oo 0.13 001 5-0.02 023 002 o.oogo.o1 0.01 001 0.01 5-0.01 0.02 ><“ VBF vy ‘ =4 1.47 tggz ( iggé , tg}z )
- VH [-0.06 0.01 ~0.04:0.00 001 0.02 0.00:001 001 001:0.02 -0.01 0.01 0.00:001 003 000 0.00:0.00 0.00 0.8 = +0.51 +050  +0.11
it 0.08 ' ' : : : VBF 22 I| = 131 Zoue ( Zoa2 » Zoo6 )
__________________ i 0.6 VBE WW +|E+ 1.09 00 (foiy, tolo)
Ky VBF | 0.01 005 o0.01 VBF T H= 0.99 tg?g ( tg}j , tg}g )
N VH|0.00 0.01 0.02 _04 VBE F bb | +0.38 +0.31 +0.21
fTH+tH [0.00 0.00 0.00 +99 I I 098 ‘o3 (Zoss» -o015 )
. 99F |0.09 0.00 0.01 —0.2 VBF+VH uu : === : 2.33 jgg ( t]gi ; tggg )
§ VBF |0.02 0.13 0.01 . . O VH vy - 133 tgg? ( tggg , tgég )
tTH+tH| 0.01 0.01 0.01 .01: 0. . . 11:0. . . . . 32: 0. . . .00 : 0. . —
R AR O ' : i o ' +1.17 +1.14 +0.24
99F [0.08 -0.02 0.02 0.00:0.04 0.01 0.00 0.00:004 003 0. 27 -033 -0.02; 001 000 0.00 0.00 :-0.01 0. VR ZZ ' | — ' .51 Zoes (Zoes » -0 )
. VBF [-0.03 023 -0.01 —-0.2 VH tt I_%_I 0.98 fgg? ( tgjg , tggg )
P
o 0 00 i s 0o : W b - o4 9B (3, wem)
oo THAH (000 000 000 0021000 000 000 002:001 00170327002 001 002 R 0% 0% 0% 00000 o9 —-0.4 +024 4017 +017
WH |00t 001 001 : : : : ZH bb I.IElI 1.00 g% (0175 014 )
SR S o6 ety = 0% 0L (9% 0%
fTH+tH [ 001 0.01 0.00 fHtH WW }-E—( 1 64 tgg? ( J_,g:jg | tgjg )
............ gor+VBr| oot 001 000 0001000 000 000 000:007 001 000:000 001 000 000:000 000 000 —-0.8 +1.69 +1.65  +0.37
3 ggF+{TH [-0.01 -0.01 0.00 0.00 00 ; 00 ; 00 ; ] ttH+tH Z2Z 1 | e ' 1.69 110 ( ~1.09 ' -0.16 )
=- VBF+VH[0.00 0.02 0.00 0.00:0.00 0.01 000 0.00:001 0.01 000 000 002 0.00 0.00:000 0.00 0.00 0.00 -0.30 ttH+tH tc am— 1.39 +0'36 ( +8gg : +8'ij )
5 & T T:% % I T:% & Li% &K L LTI T T H:f I — - _g.si 020 +028
vz I:° > T > vz ii® I zid d ttH-+tH bb = 035 o3 (o200 lo27)
: = = = ~ 5: g2 g : ‘ :
: : : : o 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1

VY ZZ* ww* T bb uu _4 _D 0 2 4 6 8
ATLAS-CONF-2021-053 45 o x B normalised to SM
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T 1T 1 | 11T 1 | 11T 1 | T 1T 1 | 11T 1 | 11T 1 | T 1T 1 | 1T 1 | 11T 1 |
ATLAS Preliminary e Total Stat. == Syst. SM
(s=13TeV, 36.1- 139 fb"
m, =125.09 GeV, ly | <2.5

= 50% "
Pgy = V7 Total  Stat. Syst.
GSSF e 0.98 :009 ( =008, tg:gg)
OVBF/OggF 1.17 tg:lg ( tg:l?’ tg:l?)
O ! OggF === 1.56 tgg? ( tg:g;’ tg:?g)
S — 108 "03% (o3, ‘o)
0ttH+tHloggF == 1.02 tggg ( 4:81;, J—rglg)
B,,/B,, = 1.07 tg:lj ( igiég, fgigg)
Buw/By, e 1.08 012 (‘o10: “oo7)
B./B,,  fem= 086 ‘o912 (‘ot0: “oos)
B,,/B,, F=s=4 0.75 ‘oio (i, =010)
BMM/BZZ | == 1.17 tg:gg ( tg:gg’ tg:;g)
B,,/B2, | 1194 ‘050 (‘oar oso)
L1 1 1 | L1 1 1 L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 |

0.5 1.5 2.5 3 3.5 4 4.5

Parameter normalised to SM value

Production and decays ratios

Process Observed Uncertainty SM prediction
(lyg| < 2.5) Total Stat. Syst.

T +0.11  +£0.10  £0.04 | 118 +0.07
Ty BE/0 R 0.091 +0.009 T ook | 0.079 +0.005
Wi /T ggF 0.042 ; o007 000 1 0.0269 £ 0.0016
T21/0gqF 0.019 T ooe T ones T obea | 0.0178 4 0.0012
T ti ) T g F 0.0134 e T oo | 0.0131 +£0.0013
B.. /By 0.092 oo 0-09% 1 0.086 =+ 0.001
Byww /By oS 001 815 + <0.01
B.. /By, T o291 2369 +0.017
Byy/Byy 2 +22 1220 +05
B,./Bzz 0.009 +0.004 T oo0s | 0.0082+ < 0.0001
By./Bzy +0.05  +0.02 | 0.0584 & 0.0029
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STXS correlation matrix

o s=13TeV, 139 fb"
ATLAS Preliminary |\ _ 155 69 Gev, Iy | <2.5
’ H -

0O-jet, p’; <10 GeV 0.02 0.07 0.05 0.1 0.02 0.03 0.01 0.08 0.01 0.10 0.04 0.05,0.03 0.07 0.02 0.19 0.08 0.07 0.12 0.15.0.09 0.07 0.10 0.11 0.08,0.01 0.11 0.10 0.02,0.03:0.05 0.06 0.07 0.08 0.02 0.01 :-0.34-0.14-0.35-0.2j 1 <
O-jet, 10 < p*T' <200 GeV 0.180.18 0.28-0.07 0.12-0.04 0.14 0.02 0.28 0.14 0.11:Lo.oz 0.08 0.11 0.26 0.09 0.10 0.20 0.20 50.12 0.41 0.15 0.15 o.11Eo.o1 0.16 0.14 0.0350.0250.07 0.09 0.11 0.11 0.03 0.01 :Lo.4s-o.21-o.47-o.3 >—
1-jet, p’; <60 GeV [0.07-0.15M0.26 0.21-0.19-0.010.02 0.03 0.02 0.1 0.08 0.04+-0.350.04 0.02 0.05 0.02 0.04 0.05 0.06:0.01 0.02 0.03 0.02 0.02:0.00 0.03 0.02 0.00+0.01:0.01 0.02 0.02 0.02 0.00 0.00+-0.08-0.03-0.03-0.0 BN
1-jet, 120 < p*T’ <200 GeV |o.05 0.18 0.26 0.44-0.02-0.06-0.02 0.04 0.02 0.23 0.17 0.075—0.60 0.04 0.07 0.09 0.05 0.08 0.11 0.08 50.04 0.03 0.05 0.05 0.045-0.01 0.06 0.05 0.01 Eo.ooio.oz 0.03 0.03 0.03 0.01 0.005—0.14—0.07—0.09—0.16 X
1-jet, 60 < ,0’71 <120 GeV |o.11 0.28 0.21 0.44 -0.010.06 -0.22 0.07 0.03 0.29 0.19 0.09+-0.58 0.06 0.10 0.15 0.06 0.11 0.14 0.14.0.07 0.06 0.09 0.08 0.06+0.00 0.09 0.08 0.01:0.00.0.03 0.05 0.06 0.06 0.02 0.01+0.26-0.12-0.23-0.2( O . 8 . ,
= 2-jet, m; <350 GeV, p’; <60 GeV [0.02-0.07-0.19-0.02-0.01 0.07 -0.01-0.06 0.00 0.04 0.04 0.02 5-0.03-0.23 0.01-0.02-0.07 0.00 -0.010.00 Eo.oo 0.00 0.00 0.00 o.ooio.oo -0.01-0.01 0.005-0.015-0.01 0.01 0.00 0.01 0.00 0.0050.00 0.01 0.00 0.03 Q

N
mk“ = 2-jet, m; <350 GeV, 120 < p’; <200 GeV [0.03 0.12 -0.01-0.06 0.06 0.07 0.16 -0.010.05 0.25 0.20 0.11 Evo4 -0.530.07 0.02-0.28-0.02 0.01 0.00 Evos 0.03 0.03 0.03 vo25vo1 0.03 0.03 0.01 Eo.ooio.oz 0.03 0.02 0.04 0.01 0.0030.14-0.04-007-0.11
x =z 2-jet, m; <350 GeV, 120 < ,0’7'.’ <120 GeV 0.01-0.040.02 -0.02-0.22-0.010.16 0.050.03 0.13 0.10 0.0570.02 -0.40 0.02 -0.04-0.18-0.03-0.02-0.02/0.00 0.00 0.00 0.00 0.00%0.00 -0.010.00 0.00’-0.01:0.01 0.00 0.01 0.01 0.00 0.000.00 0.01 -0.01 0.01
= 2-jet, m; = 350 GeV, p’7'_’ <200 GeV |o.08 0.14 0.03 0.04 0.07 -0.06-0.01-0.05 .090.13 0.08 voeEvoo -0.02-0.55 0.12 0.09 0.09 0.09 0.1250.07 0.06 0.08 0.07 vosio.oo 0.08 0.07 0.01 :Lvosio.os 0.05 0.06 0.07 0.02 0.01 :Lo.23-0.10-oA14-oA19 O . 6

= 2-jet, m; = 350 GeV, p’; < 200- GeV [0.01 0.02 0.02 0.02 0.03 0.00 0.05 0.03 ~0.09|EMN 0.05 0.05 0.03-0.06-0.06 0.00 0.01 0.00 -0.58-0.28-0.20}0.02 0.01 0.00 0.01 0.000.01 0.01 0.01 0.00 -0.05,0.02 0.02 0.03 0.02 0.01 0.0150.04-0.010.00 -0.01

200 = p’;’ <300 GeV [0.10 0.28 0.11 0.23 0.29 0.04 0.25 0.13 0.13 0.05

0.21 0.13+-0.23-0.27 0.07 0.03 -0.09 0.06 0.12 0.12+0.08 0.08 0.07 0.07 0.05*0.02 0.08 0.07 0.01+-0.01:0.04 0.07 0.07 0.07 0.03 0.01+0.33-0.10-0.23-0.29

300 = P".,'.’ <450 GeV [0.04 0.14 0.08 0.17 0.19 0.04 0.20 0.10 0.08 0.05 0.21 0.06¢-0.20-0.210.04 -0.01-0.07 0.03 0.06 0.06,0.04 0.04 0.03 0.03 0.02,0.01 0.04 0.03 0.01,-0.02:0.03 0.03 0.06 0.04 —0.02 0.02;-0.13-0.04-0.12-0.17]

*-0.05-0.10 0.02 0.03 0.00 0.02 0.04 0.05°0.04 0.04 0.04 0.04 0.03"0.01 0.04 0.04 0.01*0.01"0.02 0.03 0.05 0.03 0.02 -0.04*-0.15-0.05-0.10-0.11 O 4
. . . . f .

p';_’ =450 GeV |o.05 0.1 0.04 0.07 0.09 0.02 0.11 0.05 0.06 0.03 0.13 -0.06

= 1-jet 0.03 -0.02-0.35-0.60-0.58-0.03 0.04 0.02 0.00 -0.06-0.23-0.20-0.0! 0.00 -0.07 0.03 0.02 -0.07-0.07-0.05.0.02 0.01 0.02 0.02 0.02.0.00 0.02 0.02 0.00.0.03:0.01 0.01 0.02 0.02 0.01 0.00+-0.09-0.03-0.07-0.03
. .

= 2-jet, m; <350 GeV, VH veto [0.07 0.08 0.04 0.04 0.06 -0.23-0.53-0.40-0.02-0.06-0.27-0.21-0.10:0.00 JBEM0.02 0.6 0.22 0.09 0.08 0.11:0.05 0.03 0.07 0.06 0.05%0.00 0.07 0.06 0.01-0.0%.0.03 0.03 0.04 0.03 0.02 0.01%0.15-0.09-0.11-0.13

o . =2-et, 350 < m; <700 GeV, p'; <200 GeV [0.02 0.1 0.02 0.07 0.10 0.01 0.07 0.02 -0.550.00 0.07 0.04 0.02+-0.07-0.0 0.02-0.02-0.08 0.09 0.05+0.01 0.01 0.01 0.01 0.01:0.00 0.01 0.01 0.00+0.01:0.00 0.01 0.01 0.01 0.00 0.00+-0.04-0.02-0.13-0.03

T & ) 3 3 N R i

I mN = 2-jet, m; = 350 GeV, p’; =200 GeV |0.19 0.26 0.05 0.09 0.15-0.020.02-0.040.12 0.01 0.03 ~0.010.030.03 0.16 0.02 0.15 0.07 0.14 0.15%0.11 0.07 0.28 0.29 0.2120.050.30 0.28 0.0510.04:0.07 0.10 0.15 0.15 0.08 0.03%-0.39-0.42-0.40-0.47 — O 2
. . . . . . . L]

g_ X = 2-jet, m; < 350 GeV, VH topo |0.08 0.09 0.02 0.05 0.06 -0.07-0.28-0.18 0.09 0.00 ~0.09-0.07 0.00+0.02 0.22 -0.020.15 0.05 0.06 0.08:0.05 0.04 0.07 0.07 0.05s-0.010.08 0.06 0.01+-0.01:0.02 0.04 0.05 0.05 0.02 0.01s-0.18-0.10-0.13-0.21

c— "

= 2-jet, 700 = m; <1000 GeV, p’; <200 GeV [0.07 0.10 0.04 0.08 0.1 0.00-0.02-0.03 0.09 ~0.53 0.06 0.03 0.02-0.07 0.09 -0.08 0.07 0.05 0.07 0.2110.03 0.03 0.05 0.04 0.03'-0.010.05 0.04 0.01:0.0210.01 0.02 0.03 0.03 0.01 0.00-0.12-0.06-0.17-0.15

= 2-jet, 1000 = m; < 1500 GeV, ,0’7‘_’ <200 GeV [o0.12 0.20 0.05 0.11 0.14-0.01 0.01-0.020.09 0.28 0.12 0.06 0.04+-0.07 0.08 0.09 0.14 0.06 -0.07|WRIN-0.06:0.06 0.05 0.08 0.08 0.06+0.00 0.09 0.07 0.01+0.01+0.03 0.04 0.05 0.05 0.02 0.01+0.22-0.11-0.31-0.23

= 2-jet, mf/ = 1500 Gevy ,0'7'.’ <200 GeV 0.15 0.20 0.06 0.08 0.14 0.00 0.00-0.020.12-0.200.12 0.06 0.05,-0.05 0.11 0.05 0.15 0.08 0.21-0.06 0.07 0.06 0.12 0.12 0.09:-0.010.13 0.11 0.02,0.01.0.04 0.06 0.08 0.08 0.03 0.01;0.28-0.17-0.34-0.29 — O
----------------------------------------------------------- P I I S R LI R
p¥ <75 GeV [0.09 0.12 0.01 0.04 0.07 0.00 0.03 0.00 0.07 0.02 0.08 0.04 0.0410.02 0.05 0.01 0.11 0.05 0.03 0.06 0.07 -0.150.10 0.08 0.06°-0.03 0.09 0.07 0.01*-0.03:0.03 0.05 0.06 0.07 0.03 0.01*0.23-0.11-0.14-0.14

75 = P;f <150 GeV |0.07 0.1 0.02 0.03 0.06 0.00 0.03 0.00 0.06 0.01 0.08 0.04 0.04.0.01 0.03 0.01 0.07 0.04 0.03 0.05 0.06+0.15 0.02,-0.140.02 0.02 0.000.05,0.03 0.04 0.04 0.05 0.02 0.010.20-0.03-0.12-0.11

150 < ,07‘{ <250 GeV |o.10 0.15 0.03 0.05 0.09 0.00 0.03 0.00 0.08 0.00 0.07 0.03 0.04:0.02 0.07 0.01 0.28 0.07 0.05 0.08 0.1270.10 -0.0! 0.39 0.33'-0.120.42 0.43 0.07:-0.13:0.07 0.09 0.17 0.16 0.13 0.05'-0.26-0.64-0.19-0.2)

0.19+-0.10/0.45 0.39 0.09+0.12:0.06 0.09 0.19 0.17 0.13 0.05+0.26-0.66-0.21-0.21 — O : 2
X n

qq—Hlv
x B.

250 = p7‘f <400 GeV [o.11 0.15 0.02 0.05 0.08 0.00 0.03 0.00 0.07 0.01 0.07 0.03 0.04:0.02 0.06 0.01 0.29 0.07 0.04 0.08 0.12:0.08 0.04 0.39

p_,\{ =400 GeV |o.08 0.11 0.02 0.04 0.06 0.00 0.02 0.00 0.05 0.00 0.05 0.02 0.03:0.02 0.05 0.01 0.21 0.05 0.03 0.06 0.0920.06 0.02 0.33 0.19

0.090.34 0.30 -0.07-0.09°0.05 0.07 0.14 0.12 0.09 0.04%0.19-0.48-0.15-0.1¢

P¥ <150 GeV [0.01 0.01 0.00 -0.010.00 0.00 0.01 0.00 0.00 0.01 0.02 0.01 0.0150.00 0.00 0.00 -0.05-0.01-0.01 0.00 -0.01:~o.03-o.14-0.12—0.10-0.0 -(;.1-4:0-.1-0:0-.02556.64; ?0?0-1-o.-o;—-o.-o;-:).-oa--a.5;-6.51?6.63-0-.1;-ofoa ‘0,00

150 =< p¥ <250 GeV [0.11 0.16 0.03 0.06 0.09 -0.010.03 -0.010.08 0.01 0.08 0.04 0.04%0.02 0.07 0.01 0.30 0.08 0.05 0.09 0.13%0.09 0.02 0.42 0.45 0.34’-0.14 0.450.09-0.12}0.07 0.10 0.19 0.17 0.13 0.05%0.28-0.67-0.22-0.23

250 < p¥ <400 GeV [o.10 0.14 0.02 0.05 0.08 -0.010.03 0.00 0.07 0.01 0.07 0.03 0.0450.02 0.06 0.01 0.28 0.06 0.04 0.07 0.1150.07 0.02 0.43 0.39 0.30:L0.10 0.45 —0.015—0.1150.06 0.09 0.18 0.16 0.13 0.055—0.24—0.65—0.19—0.20 | _O 4
n

P;( = 400 GeV 0.02 0.03 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.01,0.00 0.01 0.00 0.05 0.01 0.01 0.01 0.02;0.01 0.00 0.07 0.09 -0.07:-0.03 0.09 -0.01 £0.02,0.01 0.02 0.03 0.03 0.02 0.01:0.04-0.11-0.04-0.04

g99/qq—Hll
x B

p’; <60 GeV [0.05 0.07 0.01 0.02 0.03 -0.010.02 0.01 0.03 0.02 0.04 0.03 0.02.0.01 0.03 0.00 0.07 0.02 0.01 0.03 0.04.0.03 0.03 0.07 0.06 0.05.-0.010.07 0.06 0.01+-0.10MMEMM-0.050.05 0.05 0.03 0.02+-0.11-0.09-0.08-0.07
0.03 0.08 0.06 0.040.16-0.13-0.11-0.1 O 6
0.07 0.11 0.06+0.17-0.28-0.14-0.15 .

60 < p".,-_’ <120 GeV 0.08 0.11 0.02 0.03 0.06 0.01 0.04 0.01 0.07 0.02 0.07 0.04 0.03:0.02 0.03 0.01 0.15 0.05 0.03 0.05 0.0870.07 0.05 0.16 0.17 0.12-0.030.17 0.16 0.03-0.31;0.05 0.08 0.07

60 =< P';’ <120 GeV 0.06 0.09 0.02 0.03 0.05 0.01 0.03 0.00 0.05 0.02 0.07 0.03 0.03:0.01 0.03 0.01 0.10 0.04 0.02 0.04 0.0670.05 0.04 0.09 0.09 0.07*-0.010.10 0.09 0.02'-0.19-0.0

120 < p'7'_’ <200 GeV [0.07 0.1 0.02 0.03 0.06 0.00 0.02 0.01 0.06 0.03 0.07 0.06 0.05:0.02 0.04 0.01 0.15 0.05 0.03 0.05 0.0810.06 0.04 0.17 0.19 0.14+0.050.19 0.18 0.03:-0.25.0.05 0.03

fTH
x B s

120 < p';.’ <200 GeV [0.02 0.03 0.00 0.01 0.02 0.00 0.01 0.00 0.02 0.01 0.03-0.020.02+0.01 0.02 0.00 0.08 0.02 0.01 0.02 0.03:0.03 0.02 0.13 0.13 0.09+0.04 0.13 0.13 0.02+-0.26:0.03 0.06 0.11 0.05 0.46+-0.04-0.20-0.05-0.04

P';.’ =200 GeV |o.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.02 —0.0450.00 0.01 0.00 0.03 0.01 0.00 0.01 0.01 50.01 0.01 0.05 0.05 0.045—0.01 0.05 0.05 0.01 5—0.1750.02 0.04 0.06 0.09 -0.46}
"""""""" B,,/B 7. [[0.3470.48 0.0-0:140:26 0.00 -0.14 0.00 -0.23-0.04-0.33-0.13-0.150.09-0.150.04-0.39-0.18-0.12-0.22-0.26+0.23-0.20-0.26-0.26-0.15.0.03-0.260.24-0.04.0.09-0.11-0.16-0.17-0.21-0.04-0.01
BbB/BZZ" [ 0.14-0.21-0.03-0.07-0.12 0.01 -0.04 0.01 -0.10-0.01-0.10-0.04-0.05,-0.03-0.09-0.02-0.42-0.10-0.06-0.11-0.17;-0.11-0.03-0.64-0.66-0.48,0.18 -0.67-0.65-0.11,0.18 ;-0.09-0.13-0.28-0.24-0.20-0.07,0.35

B

BTT/BZZ* 0.23-0.32-0.05-0.16-0.20 0.03 -0.11 0.01 -0.19-0.01-0.28-0.17-0.11,-0.03-0.12-0.03-0.47-0.21-0.15-0.23-0.29;-0.14 -0.11-0.20-0.21-0.16,0.00 ~0.23-0.20-0.04,0.01 ;-0.07-0.10-0.15-0.15-0.06-0.0

WW/BZZ* -0.35-0.47-0.03-0.09-0.23 0.00 -0.07-0.01-0.14 0.00 -0.23-0.12-0.10-0.07-0.11-0.13-0.40-0.13-0.17-0.31-0.34-0.14-0.12-0.19-0.21-0.150.00 -0.22-0.19-0.04+-0.02--0.08-0.11-0.14-0.14-0.05-0.0:

>>>>>>>>>>>>>‘*&59>>O>>>'>>>>>'>>>>'N'>>>>>>'r‘\,?’dNN
0 0 0 D 0 0 QP O 0 0O P Q0 20O 0 00 Q0 @' O N O Q@ @ @-*N N N
OO0 00006606660~ >0062L20060C:00C600C0C:0000:MO0CO00C66:MaQQ
oooooooooc-aooo-wtootooo-moooo-oooo-X-oooooo-;}gg:
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Kappa parametrization

Production Main Effective

Loops Resolved modifier

cross section interference  modifier

o (ggF) v tb K, 1.040 k7 +0.002 k7 — 0.038 k5,5, — 0.005 £, 5,

o(VBF) - - - 0.733 kyy + 0.267 k%,

olqq/q9 = ZH) - - - K

o(g9 — ZH) v t - 2.456 k3 + 0.456 k2 — 1.903 K, K,
—0.011 K7k +0.003 Ky Ky,

oc(WH) - - - Ky

o(H) - - - ke

o(tHW) - t-W - 2.909 k7 + 2.310 K3y — 4.220 KKy

o(tHq) - =W - 2.633 k7 + 3.578 Kk — 5.211 K, Ky

o(H) - - - K

Partial decay width

pbb i i j Hg

rww i i i H%/V

199 v’ tb ke 1.111 k2 + 0.012 K} — 0.123 K55y,

7T ) _ _ /13

2% . ) ) /122

I : : : Ko (= ki)
1.589 k3 + 0.072 K2 — 0.674 Ky Ky

" v =W Ko +0.009 Ky k., + 0.008 Ky Ky,
—0.002 kykp — 0.002 Ky ko,

| v =W K(izyy L1118 Ky — 0.125 Ky, + 0.004 k7 + 0.003 Ky ks

I - - - Ky (= ki)

A - - - Iii

Total width (B; = B, = 0)

0.581 K + 0.215 Ky + 0.082 .
0 +0.063 k2 + 0.026 k% + 0.029 K2
L' v RH 2 2
- +0.0023 k2 + 0.0015 (2.
+0.0004 k5 + 0.00022
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Kv VS. KF

- Unify coupling for all the fermions and vector-bosons.

- Assume no BSM physics in loop-induced processes or total width

- Best fit values:

LL T [ T T T T ] T T T 1 T T T ] T T T T ]
s 1 150 ATLAS Preliminary + Observed bes il -
. [ 4 mmam bserved 68% CL _
B \{g =13 TeV, 36.1-139 fb1 — Observed 95% CL _|
1.1 My = 125.09 GeV, IyHI <2.5 X Standard Model -
- p_ =2.8% _
B SM _
1.05 —
1= —
0.951- —
0.9 —
0.851 —
0.8F —
I R N T N TR S AN SR SN SN SR A SR S S S R SR SR SR B

0.95 1 1.05 1.1 1.15
Ky
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Kg VS. K,

- Focus on ggF and Hyy interactions, with other coupling strengths fixed to the SM

- Loop-induced in the SM, sensitive to new physics

- Can also determine Binv. and Bundet. contributions at the same time by including H—inv. searches

> 1 _35_ I | L | L | L | L | L | L | ]
e n . Lz .
- ATLAS Preliminary + Observed best fit - ATLAS Preliminary
I Sy % ] i ———— 58% CL
1.95 (5= 13 Tev, 36.1-139 1t e e CL (s=13TeV, 36.1 - 139t
1 253_ my =125.09 GeV, ly, | <2.5 ) Standard Model - m;; =125.09 GeV, ly | <2.5 95% CL
" FE B =B, =0 : 5 :
- I u. . K : ;
1.2 pg,=37% - J R -
~ SM 7 : :
1,151 E K, . -
1.1 = - i T -
105__ ] i : | |
= = 5 «
- - | Bi=B,=0 1B p,,, =60% )
0955_ _E Bu. pSM = 36% i‘—|
0.9_IOI|8I | IO|9I ] IOI|9I | 1 1 -ll | I1I |OI | I1|1I ] I1I |1I_ | | | i | |
. 5 . . 5 . 5 . . 5 O 1 2 O 1 2
Kg
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Generic parameterization

Parameter (a) B; = By, =0 (b) Bj free, By, >0, kw.z < 1
Kz 0.99 + 0.06 0.96 * 0-94

— 0.05
Kw 1.06 + 0.06 1.00 * 03
Kb 0.87 £0.11 0.81 +0.08
K 0.92 £ 0.10 0.90 +0.10
3 L0783 103 % 0%
Kz 0.92 £ 0.07 0.88 + 0.06
Ky 1.04 £ 0.06 1.00 £ 0.05
Kz 137TOR 13370
ke 0.2 087 089007
B - < 0.09 at 95% CL
B, - < 0.16 at 95% CL

- ATLAS-CONF-2021-053
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EXpressed as ratios of scale factors

No need for the assumption on the total decay width modification

ATLAS Preliminar o Definition in terms

Vs = 1§Te$/, 36.? ?/139 fb — Rt Parameter of x modifiers Result

m, = 125.09 GeV, IyHI <2.5 95% CL
K gz b, = 349 __.__ Kgz Kng/KH 0.98 +£ 0.05
Mg e —— Atg Ki/Kg 1.00 £0.11
Az ——— Azg Kz/Kg 1.07 +0.09
Az ——O—— Aw 7 Kw /Kz 1.07 £ 0.06
hoz ———— Lz kylKz 1.05 + 0.06
Az —"'-_ /lZ)/Z KZ)//KZ 1.39 t 8%%
1212 —_— Aoz ke Kz 0.93 +0.07
i’z Bl Abz Kb Kz 0.89 * 000

T ——————
M 02 0a o os T e T T e e o Aur Kul Kr 116 * 35

Parameter value

- Atg=K1t/Kg. Ktdirect determination through ttH compared with indirect determination in the ggF loop (« g). Probe new
physics In ggF process

- Ayz=K7y/Kzor Azyz. new particle contribute to H— yy / Zy loop (kK y) unlike H—ZZ. Probe new physics in H— yy / Zy

- Aur=K u/ K . deviation of Higgs Yukawa couplings to the second/third generation fermions
50 ATLAS-CONF-2021-053
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SMEFT: impacts

- Parametrized their impact on the signal yields in each STXS bin x 5 BR

ATLAS Preliminary G, Over Ovh Ot BR

Many parameters: for illustration, focus on a set

Cq% =0.2
¢V =0.2
h 5.+ that largely affects VH
cﬂ5u =
1 Caq = 1
O. 7. 7. 7.5 Q5 & O N S S S U U 6 7 o 0
Y oy o, Yy, ‘/@,\eyé,\@yé;éyé;eyé;éyéfoo% 2. %, W, éf\%é;%é;‘oyé;%é;%é;%é/\%é, %Of’& );%, g’&:}% :’3’054’ ,?’@:&70 0\%5% QQVQOO\V 00\@3;{?' &\:\Zx &\Z\,
08 Q 0K CT 7 b 60 b, by S 4 04 D4 fo) P S 4 @0\,0000 V00404 »
2%, S0 v O S0 0% B W 9 v 2 % O\V/%)A@ % % 000,3’4, LTINS 25,5, 5%, "o V78 Yol Npl N, < > 6 %
o 0 L) >, G % T, W D> oL 0L, 0.0, %5
) 'Oz 050 055, N, N0 0 0@’/'“/6\0,00) 28 6‘00 )‘y»vjé"\x%??’\ 6‘0/\@6(\\\70/\ 0 "D %D %
~ ~ z, vy
© 2% % Y G0 73,038,738, "o W 0% 0 % % 7
© © 9’ > Y, 0450, 008 %,
04~ ,\vﬂ:,o'f 040
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Model-dependent interpretation: 2HDM

The two-Higgs-doublet model (ZHDM): 4 2HDM types can be defined w/o tree-level flavour-changing neutral currents
Extended Higgs sector (2nd SU(2) doublet)— 5 Higgs boson:

Variation over allowed couplings to SM particles
Two neutral CP-even: h,H

One neutral CP-odd: A Coupling scale factor Type I Type 11 Lepton-specific Flipped
Two charged Higgs boson H* Ky sin(8 — @)
a: mixing angle between two CP-even Higgs bosons (h, H) Ky cos(a)/ sin(B)
tan B ratio of the vacuum expectation values of the two SU(2) doublets Kd cos(a)/sin(B) —sin(a)/cos(B) cos(a)/sin(B) —sin(a)/cos(B)
Hsv = h-sin(8-a) + H-cos(8-a) Kp cos(a)/sin(B) —sin(a)/cos(B) —sin(a)/cos(B) cos(a)/ sin(B)

cos(B-a) = 0 (alignment limit) = h indistinguishable from Hswm

Limits on cos(B-a) vs tanB (Type | and Il shown here, Lepton-specific and Flipped in backup)

ATLAS Preliminary oM ATLAS Preliminary o
Vs =13TeV, 36.1 - 139 fb~! ---- Expected 95%CL Vs =13TeV, 36.1 - 139 fo™* ---- Expected 95%CL
M= 125.00 GeV, lynl <25 T PhsemvediRRet M= 125,00 GV, [yul <25 T Ohsemved e The data is consistent with the alignment
[2HDM Type-| _[2HDM Type-i o o
2 " ' ' 2 R | limit within 1 o or even better
“petal” allowed regions: correspond to
100 | 100 | . .
i | regions with cos(B+a) = 0, some
fermion couplings have the same
ot o con(s o) 0.002 magnitude as in the SM, but the opposite
A e A sign
107100 2075 —0.50 -0.25 000 025 050 075  1.00 107100 2075 —0.50 -0.25 000 025 050 075  1.00

cos(B — a)

ATLAS-CONF-2021-053 cos(B — a)
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Constraints on new phenomena

Alternative models

tanf

ATLAS Preliminary M
vs =13TeV, 36.1 - 139 fb~1 ---- Expected 95%CL
my = 125.09 GeV, |yy| <2.5 — Observed 95%CL
2HDM Lepton-Specific
10?
\\\\\
10° | ]
101

100 -0.75 -0.50 -025

0.00

025 050 075 1.00

cos(ff — a)

tanf

10Y

10~

ATLAS Preliminary
Vs =18 TeV, 36.1 - 139 fb~1
my =125.09 GeV, |yH| <2.5

2HDM Flipped

---- SM
—— Observed 95%CL
---- Expected 95%CL

| R I S S AN R T T [ S T TR S RSN S T | R
-1.00 -0.75 -0.50 -=0.25 0.00

025 050 075 1.00

cos(f3 — a)



STXS results

ATLAS Preliminary ' ' ' " Tolal Stat Syst
Vs =13 TeV, 139 fo! B,y/Bzz- 1.09 ig}g ( fgﬁ , £0.06 )
m,, =125.09 GeV, |y | < 2.5 BBz 078 1058 (105, To15)
P, = 92% Buw/Bz- 1.06 035 (Zol0+ “o0s)
Bei/B 2z 086 012 (X070 “o9) [
——e— Total [ |Stat.
== Syst. | | SM 0 05 ! 15 2 p{! < 200 GeV
Total Stat. Syst.
ot <10 Gev e T TR . |
0-jet, 10 < p'; <200 GeV 1.14 tg}i ( o012 ’igg;} )
14et, pf! < 60 GeV K= 057 +028( "0 +o0.18) = 0 jets = 1jets > 2jets
1-jet, 60 < p¥ < 120 GeV 1.06 tggg( tggifg}g)
r o EE ._
> 2-jet, m;; < 350 GeV, p < 60 GeV 047 *199( +098,r047) m;; < 350 GeV
> 2-jet, m;; < 350 GeV, 60 < p'' < 120 GeV e 025 +053 ( +046 £0.26)
> 2-jet, m; < 350 GeV, 120 < p! <200 GeV -4 0.54 J_rgfé ( ig:gg :8;53 )
> 2-jet, 350 < m;; < 700 GeV, p’;’ <200 GeV ——— 276 t]:&l ( tg:gg ’tgﬁig )
> 2-jet, m; >700 GeV, p!! <200 GeV  H—e—— 0.74 f}fé ( i]:gg ,fg:gg )
200 < <300 G T T
500 < <450 Gov o5 0l ( “EE 0E)
Py o e R
— 10 bR ( 1 o)
> 2-jet, m; < 350 GeV, VH veto ————y 298 t]:g‘z‘ ( t] gg ,+8 ;732 )
> 2-jet, m; < 350 GeV, VH topo —=—— 1.00 fg:gg ( ig a ,+g gg )
n o o e T ATLAS-CONF-2021-053
- H +0. + +
dasHaq x B, i z-j.et, 700 < m; < 1000 GeV, pTH< 200 GeV 0.95 “oss ( 18 o7 ’+8 2; )
> 2-jet, 1000 < m; < 1500 GeV, pl< 200 GeV 138 079 ( 05 5 021 )
> 2-jet, m; > 1500 GeV, p';’<200 GeV 1.15 ig:gg( iggg ,+8}2)
> 2-jet, my; > 350 GeV, p > 200 GeV 1.21 fg:g; ( ig SZ ,+g }g )
|
py <75 eV = 2ar THT( 1S 0z -
75y <150 Gov o 0B (0% 0%) -
qq—HIV X By | 150 < pY <250 GeV 142 *O78( <081 +042) | [ |
250 < Y <400 Gov 10 B CEE %)
p7‘{2400 GeV 1.91 t}gg( iégg,Jrg;g) mj; < 350 GeV m;; = 350 GeV
pY< 15(; GeV 0.21 fgjgé ( i::: f(g)gg ) I |
150SpT<250GeV 1.30 J_ro:4 ( i041 :022) H
99/a9—HIl X By | oo Y < 400 GoV g tgé (7084 3% pt < 200 GeV
Py 2400 GeV 039 1150 ( 7501.10%)
Py < 60 GeV 075 g ( Zogar 02)
60 < 120 G s T (108 %)
120 < pH < 200 GeV +0.55 , +0.50 +0.23
THx B | 200 <300 Gy e TG, 38
T : —052 \ —0481-0.20
300 < p’7'_’ < 450 GeV 0.28 tg;g ( iggg fggg )
p’;’2450GeV —_— 0.16 i]:gg( i];iﬁ}ﬁg)
tH x B, 1290 T3 (137 0%)
I T T PR T S IR TN SN TN N SRR RN SN SN SN SN SN [N S T S NN T S S SR S S S SU SR SR S

-8 -6 -4 —2 0 2 4 6 8 10
Parameter normalised to SM value 56


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

STXS results

' ' ' " Total Stat. Syst.
ATLAS Preliminary Total Stat. S
) 0.14 [ +0.12
Vs =13 TeV, 139 fo! B,y/Bzz- 1.09 "o (o5, 0.06)
028 [ +023 +0.16
my = 125.09 GeV, |yH| <25 By5/Bzz 0.78 t0,21 (to_1ss to_11 )
+0.14 ( +0.11  +0.09
P, = 92% Byw/Bzz- 1.06 “543 (20405 —008)
B /B... 0.86 *016(+012 4010y
—e—Total [ |Stat. ez 00 _014\ 010 -0.09
== Syst. | SM 0 0.5 1 1.5 2
Total Stat. Syst.
Ziet. pH +0.22 ; +0.49 +0.11
O-jet, pf <10 GeV 0.89 _8?2( T o8 82)3)
0-jet, 10 < p" < 200 GeV 114 To( £042,7 05 /
T : ~0.14 ’-0.07 ; N
1-jet, p¥ < 60 GeV =" 0.57 o028 ( 322 +o18) qq Hlv pp Het
- H +0.28 ; +0.25 +0.13
1-jet, 60 < p < 120 GeV 1.06 _8%( Co24 813)
- H +0. +0.36 +0.
dgsHx B, 1-jet, 120 < p# < 200 Ge:,/ : 0.66 '?‘33( 1036 81;)
- +1. +
> 2-jet, m; < 350 GeV, P < 60 GeV 047 T10s ( £0.98," 0.39 )
> 2-jet, m; < 350 GeV, 60 < p/! < 120 GeV  y—=mm—t 0.25 +053( +0.46 +0.26 )
y H +0.44 [ +0.38 +0.23
> 2-jet, m; < 350 GeV, 120 < p" < 200 GeV .E 0.54 _?'ﬁ( _838_833)
K H +1. +0. +0.
> 2-jet, 350 < m; < 700 GeV, p!l <200 GeV [ R—— — 2.76 ‘1'82 ( _?.gg ’_8"71'2 )
jet, m; H —_——— i (e
> 2-jet, m; > 700 GeV, p¥ < 200 GeV 074 “ya3( 1295 0%s)
H +0.35 , +0.29 +0.19
200 < p*! < 300 GeV 1.06 _8'3;( “ozr "8’%‘?)
H +0. +0. +0.
300 < pt < 450 GeV 0.65 ‘?-:S( ‘?-23"8-},2)
H +1. +1.37 +0.
p; 2450 GeV 186 449 ( Zq12-042)
. — +1.10 ; +1.02 +0.40
S1'1_9t ——— 140 Zgg9 ( Z0931-035)
> 2-jet, m; < 350 GeV, VH veto ————— 298 1% ( t198 r0T%)
i +0.58  +0.51 +0.28
> 2-jet, m; < 350 GeV, VH topo —=—— 1.00 _8'23( 47 832)
-j H +0. + +
> 2-jet, 350 < mj; < 700 GeV, p# <200 GeV  y—=mm—t 0.33 _8_‘%( 041 8§g)
- H +0. + +
dasHaq x B, >2 j.et, 700 < m; < 1000 GeV, pTH< 200 GeV 0.95 182?( fos o )
2 2-jet, 1000 < m;; < 1500 GeV, p; < 200 GeV 1.38 _g:gg ( _832 . 8%13 )
K H +0. + +
> 2-jet, ml.].21500GeV,pT<2OOGeV 1.15 _g_g?( _833’ 81g)
_i H .
> 2-jet, my; > 350 GeV, p > 200 GeV 121 "0 ( Tose i o1s)
v . +117 [ +1.145 +0.22
pY <75 GeV J 247 io( Zio2s012)
v +0.99 ; +0.97 +0.20
75 < pY < 150 GeV 164 “00( T055.79%)
qq—HIv x B,. 150 < p¥<250 GeV 1.42 tg:gg( igg; ,+8g§)
v +0.72 ; +0.63 +0.35
250 < pY < 400 GeV 1.36 ‘?‘f‘é( 048 - 8%)
v +1. + +
pY 2 400 GeV 191 T1oa( TeEE )
pY < 150 GeV —— 0.21 *371( +054,7028)
v +0.63  +053 +0.34
G590-H1% B2z | p00 =% oo oy T ¢ )
250 < pY < 400 GeV 128 ol (oo tons)
pY > 400 GeV ol o)
H +0.78 ; +0.72 +0.29
pll < 60 GeV 0.75 _822 ( _828 ’_83(1))
H + + +
60 < p¥ < 120 GeV 0.69 ‘8‘;@( iy 852)
H + + +
x| gz phoso0cer 0% Jenl g i)
200 < p < 300 GeV 0.96 0 ( t0%e ., 0%)
H +0.79 [ +0.66 +0.43
300 < p*! < 450 GeV 0.28 ‘%8( st ?SS)
H +1. +1.44 +
pfl = 450 GeV e 016 75 ( T4 545 1725)
. 363 +335 +1.39
tH x B, 1290 155 ( 1573 0 )
| N N N N N N | N N N | N N N | N N N | N N N | N N N | N N N | N N N |

8 6 -4 =2 0 2 4 6 8 10 ATLAS-CONF-2021-053

Parameter normalised to SM value of
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