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Higgs physics

A Scalar bosordiscovered in 2012 (ATLAS+CMS);,ompatible with SM Higgs prediction snyeiet & 716 (2012) 30
A Coupling to particlesdepends only on their mass
A Any new particle will modify Higgs production and decay rates
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H — vy channel

A Small branching ratio B (0.228%)
A Clean S|gnature and smooth background
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A Currentprecisionon the crosssectionO(10%)(full Run2 data: 1360 ! )

(a x B,W) = 12150 fb = 121+ T(stat.) H(syst.) fo,
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Probing Phase Space deepe&simplified Template XSTXS

Measure production cross-sections in kinematic regionstuth bins):
production mode, momentum, #|] ets, €&

Advantage:

A No dependency on the final state

A No extrapolationto full phase space(acceptance, kinematical cuts)
A Easy to combingno final state dependency)

A Reduced theoretical uncertaintjno dependency on predictions)

A Enhanced sensitivity to BSM regions (splitting higind low-pT regions)

Do not include Higgs final state in the description
Use kinematics of other particles
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Truth bins In STXS stage 1.2 (merged)
won | e Viep
(st |

= 0jets

Hiv, pY <150 GeV

> 2jets qq — Hlv

pi < 200 GeV

= ljet

pp — HEL

mj; = 350 GeV

pi < 200 GeV

> 2jets

mjj < 350 GeV

Il
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Photon reconstruction

A Reconstruct two photons: energy deposit in EM calorimeter.

T T TR T T E—

A Jetscan mimicphotons: exploit granularity to reject
& showershape variables

Selection for photons

In| < 2.37, excluding |n| € [1.37,1.52] Efficiency:
1(2) 84% at pT = 25 GeV
T > 0.35 (0.25) + tight ID & isolation 94% at pT = 100 GeV
My
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m~~ spectrum

> 2500
0
% 2000
: . 3 1500
O(6500) Higgs bosons decayingnto two photons in =
the full Run 2 dataset (139 fb) are available for £ 1000
analysis %)
500
Efficiency for an SM Higgs boson | < 2.5 ~ 39%& 128
S 0
. . | -50
Need to precisely model signal & background g
()
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ATLAS

¢ Data
Bk 4 Vs =13 TeV, 139 b’
............... ackgroun my, = 125.09 GeV

— Signal + Background ,, categories

S = Inclusive

In(1+S/B) weighted sum
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StatIStICa| mOd e-IiExtended term: fluctuation in the number of events

L ([i, 5\mw) = 1:[ Pois (nc\uc(ﬁ, 6_’)

[1/e(mi,0) x T1G(6))

= Sc+ Ng, + b,
ZUtAct8ct£
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StatISthal mOd E-IiExtended term: fluctuation in the number of events

L ([i, é’|mw) = 1:[ Pois (nc\uc(ﬁ, 6_’)

Introduction

Analysis

— Diphoton mass Pdf

x [1G(8;)

J

Ve =Sc+ Ng, + 0.
Se = Z O-t-ActgctE
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StatISthal mOd ejiExtended term: fluctuation in the number of events

— Diphoton mass Pdf

£ (7. flmoy ) = [] Pois (nelve(ii,0) L1 fe(m3,16) x T1G(6;)

J

Diphoton mass Pdf for given category c:
felman10) = 2{ [se (11,0)+N5,05, | PaLSs, (s 1sp ) 40 Pffg (11 Ookg) |

Ve =Sc+ Ng, + 0.
Se = Z O-t-ActgctE
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StatISthal mOd ejiExtended term: fluctuation in the number of events

£,

m,}/,},) = E[Pois (nc\uc(ﬁ, 5)

Diphoton mass Pdf for given category c:
fe(man10) = {5 (77,0) + N, 05, | PatSsy (s 100y ) 40Py (11 Bokg) |

— Diphoton mass Pdf

x [1G(8;)

J

Fitted signal Ve = 8.+ N ;fp + b,
Se = Z O-t-ActgctE
C
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StatIStICa| mOd e-IiExtended term: fluctuation in the number of events

£ (. 0my

— Diphoton mass Pdf

[T Pois (nc\uc(ﬁ, 5)

[1/e(mi,0) x T1G(6))

J

Diphoton mass Pdf for given category c:

fc(mvvi‘g) —

1
Ve

{ [ (7.0) +Invefec, | pat

Introduction

gz’g (m’Y’Y |93p) —'_Z)Cdefikg (mV’Y |Qbk9)}

spurious signal

Fitted signal Ve =S¢ + N§, + b,
Sc = Z O-t-ActgctE
C
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StatIStICa| mOd e-IiExtended term: fluctuation in the number of events

£ (. 0my

— Diphoton mass Pdf

[T Pois (nc\uc(ﬁ, 5)

[1/e(mi,0) x T1G(6))

J

Diphoton mass Pdf for given category c:

fc(mvvi‘g) —

1
Ve

{ [ (7.0) +Invefec, | pat

Introduction

gz’g (m’Y’Y |93p) +b(def§kg (mV’Y |Qbk9)}

spurious signal

Fitted signal Ve =S¢ + N§, + b,
Sc = Z O-t-ActgctE
C
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StatIStICa| mOd e-IiExtended term: fluctuation in the number of events

— Diphoton mass Pdf
on systematics

£ (7. flmoy ) = [] Pois (nelve(ii,0) L1 fe(m3,16) x T1G(6;)

J

Diphoton mass Pdf for given category c:
fe(man10) = 2 5 (77,0) N5, | Patssy (s 100y ) +0 PTGy (11 Bikg) |

spurious signal

Fitted signal Ve = 8.+ N ;fp + b,

Se = Z O-t-ActgctE
C
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StatIStICa| mOd e-IiExtended term: fluctuation in the number of events

— Diphoton mass Pdf
on systematics

[1/c(mi,16)|x [T G@_-_)
i J — Nuisance parameters

Diphoton mass Pdf for given category c:

L ([i, é’\mw) = 1:[ Pois (nc\uc(ﬁ, 6_’)

—

ol 16) = 2{ [ (72, 0) +NeJd%, | Pdtsy (mos 10 ) 40Pty (s 10os) §

spurious signal

Fitted signal Ve = 8.+ N ;fp + b,

Se = Z O-t-ActgctE
C
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StatIStICa| mOd e-IiExtended term: fluctuation in the number of events

— Diphoton mass Pdf
on systematics

[1/c(mi,16)|x [T G@_-_)
i J — Nuisance parameters

Diphoton mass Pdf for given category c:
fe(man10) = 2 5 (77,0) N5, | Patssy (s 100y ) +0 PTGy (11 Bikg) |

spurious signal

Fitted signal Ve = 8.+ N ;fp + b,

Se = Z O-t-ActgctE
C

L ([i, 5\mw) = 1:[ Pois (nc\uc(ﬁ, 6_’)

Simultaneous fit of 101 categories, targeting 28 truth bins
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StatISthal mOd ejiExtended term: fluctuation in the number of events

—

£,

— Diphoton mass Pdf
on systematics

m,}/,},) = E[Pois (nc\uc(ﬁ, 5)

[1/c(mi,16)|x [T G@_-_)
i J — Nuisance parameters

Diphoton mass Pdf for given category c:

—

fe(m110) = Vi{ Se (ﬁ, 67) +ng§gp} Pdf

Simultaneous fit of 101 categories, targeting 28 truth bins

P~

Fitted signal

~400 systematics

Introduction

gz’g (m’w |98p) +1)(_.Pdf§kg (174 |9bkg)}

spurious signal
Ve =Sc+ Ng, + 0.
Se = Z O-t-ActgctE
c |—»Luminosity
»Efficiency
» Acceptance
— Cross-section of truth-bin
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STXS measurement

tH

tiH,p: =300 GeV

H, 200 < p'' < 300 GeV
1iH, 120 < pff < 200 GeV
ftH, 60 SD:«: 120 GeV
fiH, p:‘ < 60 GeV

HI\,p: =150 GeV

HI, pY < 150 GeV

aq — Hiv, p: > 150 GeV.
qq — Hiv, p: < 150 GeV
qq|—+ Hag, = 2ets, m, =1000 GaV, p: =200 GeV
9 — Hag, = 2-ets, 350 <m <1000 GeV, p|! > 200 GeV
9 — Haa, = 2-ets. m = 1000, p: <200 GeV

99 - Hag, = 21ets, 700 <m < 1000 GeV, p:< 200 GeV

gion

101 categories targeting 28 truth bins

STXS Re

Categorisation

A Multiclass BDT to assign events to
the targeted truth bins

A Binary BDT to separate signal from
bkg

99 — Hag, = 24ets, 350 <m, <700 GeV, p! < 200 GeV
qg — Hag, VH hadronic

qq - Haq, < 1-jet, VH veto

gg —H, p: =450 GeV

gg —H, 300 < p:<45U GeV

gg — H, 200 Sp:<am GeV

99—+ H, = 21ets, m =350 GeV, Pt <200 Gev

99 > H. = 21ets, m_ <350 GeV, 120 < p: <200 GeV
ag — H, = Z-jets, mu <350 GeV, p T < 120 GeV

gg — H, 1-et, 120 < n': <200 GeV

gg —+ H, 1-jet, 60 < pff < 120 GeV

ag —+ H, 1-jst, p‘; <60 GeV

gg — H, O-jet, p!' 2 10 GeV

gg —» H, 0et, p"‘ <10 GeV

Pairing:
Reconstructed category <=> truth bin

Introduction
I

STXS Purity plot
Categories are merged only for visualisation

ATLAS Simulation 139 fb™ H—yy, Vs=13 TeV

Analysis
|
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Signal shape modelling

02771
0_18:_ATLAS Simulation
- Vs =13 TeV, 139 fb™

1 I 1 T 1 I 1 1 T | T T T I I
ttH High-purity
p;‘ <60 GeV

From MC simulation 5 MC — Signal Model

= -
) =
Q) =
L0 0'16:_Hayy, m =125 GeV 120 < p'' <200 GeV E
o 0.14F H 0 MC = Signal Model ]
Double-Sided Crystal Ball function: = o012f "IMO —Signal Model  —
Gaussian core + asymmetric polynomial ta _g 0.1 =
= 0.08f- =
Unbinned Likelihood fit, fixed range: ; 0.06F =
113-138 GeV == 0.04¢ E
0.02 ; =
. e A N B - S

Independently for each of the 10tategories 020 122 124 126 128 130
m,, [GeV]

Introduction Analysis EFT interpretation



14

. 2 = ATLAS
Background Modelling ¢ & St
Background components: & e i

q T g

PR
] q q iabb /666“.(1’ q Y ‘ I | | |

0 TH0 120 130 140 150 160

A y] 18% :Ei ;i m,, [GeV]

VI R e

Background: yy + yj + |j.

% 1E+.+i++i++.{+.+* ++I ............. +¥++H++;+f +++ H#}H##{#@

Directly estimated from data with ABCD method
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Background Modelling

Background components:

Events / GeV

q T g

oy, \;\Pj : ——00
PR
1.1

% 1E+.+i++i++.{+.+* ++I ............. +¥++H++;+f +++ H#}H##{#@

A yij 18% ji LS ;iﬁ 0 120 130 140 1521”[(3(31/?0
T

Background: yy + yj + |j.
A JetsBkgmodelling is complexand computationallyexpensive

Directly estimated from data with ABCD method

Introduction Analysis EFT interpretation
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Background Modelling

Background components:

q T g

A yy 80%

Ay 18% :’[i ™
T R

Background: yy + yj + |j.

x

T4 gl
Ty q
9 q gl

Events / GeV

ME

1

= ATLAS

= Vs=13TeV, 139 b’ ¢ Data
£ gg— H, 1-jet, p’ < 60 GeV, High-purity

= ' [
o

E+++++.{+ +{++* ++ ............. ++ ; +-H ++++-{ + + + H{hﬂ##{ #@

110

A JetsBkgmodellingis complexand computationallyexpensive p,,, i
A Use yy template re-weighted to the shape ofyj and jj in the

data

Directly estimated from data with ABCD method

Introduction

Analysis

1

150 160
m,, [GeV]

120 130 140

T

O_i neef it{’\log' the rokio +

Fht 4t
AR PR T

>
/

My
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Background Modelling Gl

Oeg PJS  BKg-onl, HC
S e

Functional form (exp, Bernstein, polynomial) is chosen by
Spurious signal test or Wald test (low-stat categories):

Introduction Analysis EFT interpretation
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Background Modelling Cuen
%kg Ei\sg BKg-only HC

Functional form (exp, Bernstein, polynomial) is chosen by
Spurious signal test or Wald test (low-stat categories):
Try a series of fits:

A bkg-only MC with (bkg + sig) pdf

A Signal at various positions ( 123-127 GeV) with 0.5 GeV step -~
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Background Modelling Cuen
%kg Efsg BKg-onl, HC

Functional form (exp, Bernstein, polynomial) is chosen by
Spurious signal test or Wald test (low-stat categories):

Try a series of fits:

A bkg-only MC with (bkg + sig) pdf

A Signal at various positions ( 123-127 GeV) with 0.5 GeV step

Spurious signal
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Background Modelling Cuen
Qka PJS Bka'""qj MC

Sig Pdy

Functional form (exp, Bernstein, polynomial) is chosen by
Spurious signal test or Wald test (low-stat categories):

Try a series of fits:

A bkg-only MC with (bkg + sig) pdf

A Signal at various positions ( 123-127 GeV) with 0.5 GeV step

Spurious signal

A Take the one with thelowest # params passing criteria:

N_sp < 10% expected signal
N_sp < 20% expected error on bkg (for Asimov dataset)

EFT interpretation
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Background Modelling Cuen

Functional form (exp, Bernstein, polynomial) is chosen by
Spurious signal test or Wald test (low-stat categories):

Try a series of fits:
A bkg-only MC with (bkg + sig) pdf

15

Qkg PJS Bkg-onl, MC
by B et

A Signal at various positions ( 123-127 GeV) with 0.5 GeV step

A Take the one with thelowest # params passing criteria:

N_sp < 10% expected signal
N_sp < 20% expected error on bkg (for Asimov datas

Introduction Analysis
1 |

Spurious signal

p(ﬁt'mv BS
Gy PIS
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Background Modelling Cuen

Functional form (exp, Bernstein, polynomial) is chosen by
Spurious signal test or Wald test (low-stat categories):

Try a series of fits:
A bkg-only MC with (bkg + sig) pdf

15

Qkg PJS Bkg-onl, MC
by B et

A Signal at various positions ( 123-127 GeV) with 0.5 GeV step

A Take the one with thelowest # params passing criteria:

N_sp < 10% expected signal
N_sp < 20% expected error on bkg (for Asimov datas

Spurious signal

p(ﬁt'mv BS
Gy PIS

Introduction Analysis
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My

EFT interpretation
|



Results: signal strengths

Inclusive

0.084 0.060 0.059

No significant deviationsvrt SM

Introduction Analysis EFT interpretation
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Results: signal strengths

Inclusive
o [oih, = 1.045 T8 = 1.04 T)0%0 (stat.) Ti02; (syst.)

T T | LI | L | LI | T T 1 | I T 1 | LI | LI | L | I T 1 |
ATLAS Production Modes ys=13 Tev, 139 fb”
H—vyy m, =125.09 GeV |y [<2.5
Fe4Obs + Tot. Unc. [ Syst.unc. | SM + Theo. unc.
p-value = 55% Tot. Stat. Syst.
ggF + bbH [ 1.04 * 050 (700 “o%e)
I 120 028 (“018 021
WH - 15 02 (205 201 )
ZH | p—e— 0.2 o (58 :51)
ttH e 0.89 "% (7036 70%)
1 1 1 | | | | 1 | 1 | | 1 | 1 1 | | | | I | | | | |
0 1 2 3 4 5
tH — 13 % (3 9 )
1 1 | 11 1 | | | | 1 1 1 | I 1 1 | | I | | 1 1 1 | 11 1 | 1 1 1 | | I | |

4 -2 0 2 4 6 8 10 12 14

(G'BW)/(G'BW )SM

No significant deviationsvrt SM

Introduction Analysis
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o/ 0'w

ggF + bbH
VBF
WH

ZH
ttH

tH

Results: signal strength

Inclusive

- 1.04 +0.060

_ +0.084
1.045 —0.080 — —-0.059

(stat.)

+0.059
—-0.054

(syst.)

H-— vy m =
- Obs + Tot. Unc.
p-value = 55%

-

1.0
1.2

SM + Theo. unc.

Tot.

+0.10
4 -0.10

+0.28
0 -0.25

ATLAS Production Modes ys=13 Tev, 139 fb”
125.09 GeV |y |<2.5

- Syst. unc.

. Syst.

|3

+4 (
-3 -

+1 )
1

4 -2 0 2 4 6

Introduction
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8 10

(G-BW)/(G-B
No significant deviatiol

12 14

Y )SM

gg—H, O-jet, p: <10

gg—H, 0-jet, 10 < p: <200

gg—H, 1-jet, p: <60

gg—H, 1-et, 60 < p'T* <120

9g—H, 1-jet, 120 <plf < 200

gg—H, 22-jets, m < 350, p: <120

g9—H, 22-ets, m, < 350,120 < pf < 200
gg—H, 22-jets, m = 350, P < 200

gg—H, 200 < p: <300

gg—H, 300 < p'T* <450

9g—H, pf = 450

gqgq'—Hqq', <1-jet and VH-Veto

qq'—Hqgq', 22-jets, VH-had

qq'—Hqgq', 22-jets, 350 < mII < 700, p: < 200
19'—Haqg', =2-jets, 700 < m” < 1000, p: <200
qq'—Hag', 22-jets, m, = 1000, p: <200
19'—+Hag', 22-jets, 350 < m, < 1000, Pl =200
qa’->Haq', 22-jets, m_ > 1000, p: >200
qq—Hlv, p“" <150

qq—HMv, pj >150

pp—HIlivy, p! < 150

pp—HIilivy, p[" =150

ttH, pff < 60

ttH, 60 < p: <120

tH, 120 < p¢ <200

ttH, 200 < p!' < 300

ttH, p: > 300

Analysis
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Vs=13 TeV, 139 fb’

H— vy m, = 125.09 GeV |yH|<2.5

e Obs + Tot. Unc. . Syst. unc. I SM + Theo. unc.

p-value = 93%

Tot. Stat. Syst.
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Resultskappaframework

Likelihood scans of the effective couplings (probing amplitudes):

Higgs-gluons vs Higgs-photons Higgs-fermions vs Higgs-vector bosons
g‘ 1 '4_| ‘ | rrT | T | T I L | L | T ‘_ LI_ _I T TT ] T 1T | T T T L L [ T T 1T I T T ] T T I_
- ATLAS ¥ sm i < 18FATLAS ¥ su ]
1 3; @ =13 TeV, 139 fb1 * Observed best fit _] | E =13 TeV, 139 ﬂ51 % Observed bestfit |
) i H_)Y,Y ----- Observed 68 % CL ] 1 6 -—H_)TT ----- Observed 68 % CL n
- — Observed 95 % CL - =L — Observed 95 % CL
1.2 . i i
i i 1.4 .
1 . : :
1 1: ] 1.2 B 7]
T - 1 g
0.9 - 0.8} .
0.87 cl v b v b b b g \H 06 -l coa b b b b e P by l-

08 0.9 1 1.1 12 13 085 09 095 1 105 11 115 1.2
Ky Ky
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EFT interpretation: SMEks&ndard Model Effective Field Thedry
" t LHC Reach '

New

Event

Standard Model EFT

Physics

EFT effects on cross

tion (tail Idb i
section (tails) could be Sketch from Nicolas

observable at LHC
Berger (LAPP)
.............. Z mass
L B
Wilson coefficients ~ A
A—4
ESMEFT:L:SM‘l‘ZFOk"‘O( )
— Energy-scale of the new physics
Basis-operators formed
_ from combinations of the
SM Lagrangian SM operators
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EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

_ tf
tf O' +Uznt+0BSM

FH—>f
t,f _ -t
g =0 FH
OSM
Depend only on the decay channel Narrow width approximation:

Depend only on the production mode no propagator correction
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EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

t,f | tf t,f t,f
0" =060 | T Oint T OBsM

> Pure SM cross-section

FH—>f
tf _ t
g =0 FH
OSM
Depend only on the decay channel Narrow width approximation:

Depend only on the production mode no propagator correction
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EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

t,f | tf t,f t,f
07 =050 | T Pint| T OBsM

> Interference SM-BSM
> Pure SM cross-section

FH—>f
tf _ t
g =0 FH
OSM
Depend only on the decay channel Narrow width approximation:

Depend only on the production mode no propagator correction

Introduction Analysis EFT interpretation
| - -



20

EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

| t.f t,f t,f
ot =|ogalt Pl + OB o
L Pure BSM contribution

> Interference SM-BSM
> Pure SM cross-section

FH—>f
tf _ t
g =0 FH
OSM
Depend only on the decay channel Narrow width approximation:

Depend only on the production mode no propagator correction
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EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

ot t =|ogl |+ phl |+ 0% L
L~ ,Pure BSM contribution

> Interference SM-BSM
> Pure SM cross-section

FH—>f
tf _ t
g =0 FH
OSM
Depend only on the decay channel Narrow width approximation:

Depend only on the production mode no propagator correction
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EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

obf = ag’{l + Uf;f; + a% Comparing:
| -Pure BSM contribution| Linear vs Linear + Quadratic o
> Interference SM-BSM allows checking the possibility of neglecting dim 8

terms
> Pure SM cross-section
H—f
ot — gt A
rH
OSM
Depend only on the decay channel Narrow width approximation:
Depend only on the production mode no propagator correction
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EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

obf = ag’{l + Uf;f; + a% Comparing:
| -Pure BSM contribution| Linear vs Linear + Quadratic o
> Interference SM-BSM allows checking the possibility of neglecting dim 8

terms
> Pure SM cross-section
FH—>f
ot = gt Linear model
TH
OSM
Depend only on the decay channel Narrow width approximation:
Depend only on the production mode no propagator correction
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EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

obf = 0'23{4 + Uf;f; + a% Comparing:
| -Pure BSM contribution| Linear vs Linear + Quadratic o
> Interference SM-BSM allows checking the possibility of neglecting dim 8

terms
> Pure SM cross-section
FH—>f
ot = gt Linear model
rH
o . total S M
t (int TH_, I
Ot (SM) k : NPT
Depend only on the decay channel Narrow width approximation:
Depend only on the production mode no propagator correction
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EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

obf = 0'23{4 + Uf;f; + a% Comparing:
| -Pure BSM contribution| Linear vs Linear + Quadratic o
> Interference SM-BSM allows checking the possibility of neglecting dim 8

terms
> Pure SM cross-section
FH—>f

otf =|gt =7 Linear model

f p—

total O-SM

M{ — M _1_|_Z A1;€—>H_|_A£H—>f _AEH Ck

9t (SM) i ] .

Depend only on the decay channel Narrow width approximation:

Depend only on the production mode no propagator correction
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EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

obf = ag’{l + Uf;f; + a% Comparing:
| -Pure BSM contribution| Linear vs Linear + Quadratic o
> Interference SM-BSM allows checking the possibility of neglecting dim 8

terms
> Pure SM cross-section
FH—>f
otf =|gt _ﬁ Linear model
o
f | Ak _ O_znt
total SM
ul = —Ji = 14 5 AP A - A G
9t (SM) : .
Depend only on the decay channel Narrow width approximation:

Depend only on the production mode no propagator correction
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EFT: Method

EFT impact on the cross-section of the truth bin t, decaying into final state f

ot = 03{4 — gf;i’; + 0% Cpmparing: |
=~ ,Pure BSM contribution| Linear vs Linear + Quadratic
> Interference SM-BSM allows checking the possibility of neglecting dim 8

terms
> Pure SM cross-section
FH—>f
otf =|gt _ﬁ Linear model
.
. |
. total
ﬂ{ — M :1_|_Z [AZ—>H_|_A1];H—>J° _AEH wck
T4 (SM) k

Depend only on the decay channel Narrow width approximation:

Depend only on the production mode no propagator correction

Introduction Analysis EFT interpretation
| - -



21

EFT interpretation: Symmetry scheme

topU3l: scheme used in ATLAS global combination

. quarks

— leptons

Quarks:

1st + 2nd generations:
(Qla Uy, d?“) S U(Q)q =Y U(Q)u & U(Q)d
3'd generation:

u(?’)l X M(S)e

(Qr,t,b.) - no symmetry
no CKM
Vexkm =1
a! & SYSNHe& &O0OFfSaz gKSNB UKS FANRG (62 ISYSNIUGAZ2YAE
j dzt NJ & | NB dzy RA&adGAy3ddza aKIl 6t S¢
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EFT interpretation: Symmetry scheme

topU3l: scheme used in ATLAS global combination

Quarks:
1st

3rd

no

al
j dz NJ &

SYSNHE®&

quarks

— leptons

+ 2"d generations:

(@1, ur,dr) €EUR)g @U(2)w @U(2)a
generation:

(Qc.t,,b,) - no symmetry

CKM

Voru =1

aol
I NB dzy R

Q< ()
Z

az
G A

g*(/»

f g K
A 3 dzA a

y

Introduction

u(?’)l X M(S)e

B
K I

(@]}

Analysis

o K
f

Leptons:  24(3), = U(3); @ U(3).
All generations symmetry:
e=Uu=T
No mixing

Input parameters:

mw,mz,G
FANE P

€

Ug2 3IASYSNIIOA2YVA

o U
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EFT interpretation: impact aoeffson observables

ATLAS Simulation vs-13Tev 139" H— yy,m = 125.09 GeV, A = 1 TeV

Ratio to the SMxs

bt = n w
[ I G B VNS B AR I
LI bl bbb b bt b

0.4 cyg = 0.005

Impact growth
withpT -

For various groups
of operators

cuH=1.0
Cg= 1.0
(3) _

Cqqg =02

£ Rlatimpact HESEENNEEEEEEEEEEE: i

Qoefi bl b EEEEEEEEET INNEEEEEE 1§ s

HiE ATREEFERRT LT NRRL: | JeS
Visualisation: T ok
impact on the S EEEEEEEEEEEEEEEEEEE IEREEEERE T

Cly = 0.2

production XS )
and the decay Wldth by S O O O .
each Wilson Coefficient o S S U N U U N U N A U N O U N A A O O O

B, B B B % B B B B B B % B B N B R R R R T R R R R Y B T B B

II|III|III IIIIIIIIII
=
II|III|III IIIIIIIIII

&
< 0
o, Ba, T, n, Pa, My Mg T, By By % By Yy, Yo % % % % % %, B B L 0 T s 0 s B, G i
“Yos Yos Yos Y& U7 X, Y, Y, W 4. DL Pal Pal P Pal Pal Pa el Pl Yo e @ 7 5 By %,
"% " 8 B Boy trg g v B, & e, 3%, 2% L Vi Ve Y Ve s W S Vo, " %,
o 0" % /\‘(_) W4 Cry Ty Yy G T PNy, 5, O > % % %
% "% Yo, g, Cpny on, B 00 % e B " By,
S G S B Gy, 0% Gy, Oty i, 9
0 ¥ d Q 7w © 0
D or Ny, os 9,7 2, Cb’o&%o % tbo&% 0
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EFT interpretation: results, individual Ci

Measured values and 68% (95%) CI for the linear only and linear + quadratic parametrisations
One-at-time scan: float only one WC, others set to zero (SM value)

% b I D D R 1 1 | N I D
< |+ ATLAS e Linear best-fit (obs.) m— 68% (0bS.) ===+ 95% (0bs.)
> 61— 1 » Linear+quadratic best-fit (obs.) === 68% (0bs.) - - - - 95% (0bs.y—
o [ Vs=13TeV, 1390 _ N
o L ' _
€ 4— Hoyy, m, =125.09 GeV, A =1TeV " T
© T ; : : ; _
© : ' ' - =
D— e 0 1 : 1 : —_
2 __ 1 : | I | : ]

AL

-‘-
-..I.-

Y

i

il

Illllltl%

_2 !_ : i ' l

|| Quad differs from linear: Quad is similar to linear: :
4C Potential bias 1 1 1 Y1 1 |O(8)termscan be neglected || |, |,

_ 1 1 ’ 8 8
CHWCHB CHWBCHG Cw Ca  Cuw Cub CuGCuti Car ChpyChya Chy) CHu Cra CHEICHD Cqq Caq Caq Ci Cuu Cau Cog Cua
x100x100x100 x100x10 x10 x10 x10 x0.1 x0.1 x0.1 x0.1
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EFT interpretation: PCA definition

Try to perform measurements of the most sensitive directions (PCA)

EV12
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A =0.0067
A =0.0108
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A =0.038

A =0.075

A =0.89

A =178

A =287

A =20.2

A =106

A =34473

A =346827



EFT interpretation: PCA resul

Simultaneous fit over 12 eigen-vectors

Likelihood scans

10{ | T T T T I 1 T T T | 1 T T 1 ‘ T ! T T | T 1 1 T T |:
95_ s =13 TeV, 139 fb™"; Hyy E
8 my = 125.09 GeV, |yH|<2.5; SMEFTS
75_ Linear (obs) _E

o Lin + quad (obs) ]
6:— Linear (exp) =
- = Lin + quad (exp) B
51 -
- 95% CL ]
3 =
2f .
S| N E
- 68% CL ]
0% L v Al ) I_l_l [ A R T R T |:
—0.05 0.1 0.15 0.2
EV1
Introduction

=

N
1

10

9

8

RS}

[T T T T I T T T T ‘ T T T T T T T T T T T T 4»
- ATLAS E
- (s=13TeV, 139 fb™"; Hoyy ]
- m, =125.09 GeV, |y |<2.5; SMEFT =
E Linear (obs) ]
- ' Lin + quad (obs) =
F Lo Linear (exp) .
} B Lin + quad (exp) {
SN O " G5% CL |
T T T T 68% 6
: 1 1 | L L 1 I 1 1 1 ;
5 0.5 1
EV4
Analysis

EV1

EV2

EV3

EV4

EV5

EV6

EV7Y

EV8

EV9

EV10

EV11

EV12
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== Linear 68% CL
= =@ = Linear 95% CL

tsﬂ TLAS {s=13 TeV 139fb™"; H—yy; SMEFT Interpretation; A=1 TeV

Linear Lin+Quad
Lin+Quad. 68% CL ® .0.0008"%017 g npas 00067
Lin+Quad. 95% CL : -0.0018 : -0.0085
® +0.0058 +00.0064
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L L " | 1 | 1 L 1 |
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EFT interpretation: combination of channels

Channels considered in the combination:

Decay channel Target Production Modes £ [fb™!] Ref. Used in combined measurement
H — yy ¢gF, VBF,WH,ZH,ttH,tH 139 [10] Everywhere
o 77 ggF, VBF,WH,ZH, ﬁH(ﬁEf) 139 [11] Everywhere
itH  36.1 [19] Everywhere but STXS and SMEFT
. ggF, VBF 139 [12] Everywhere
H—=WwW ttH  36.1 [19] Everywhere but STXS and SMEFT
ATLASCONF2021:053 [P ggF, VBF, WH, ZH, tt H (ThadThad) 139 [13]  Everywhere
itH  36.1 [19] Everywhere but STXS and SMEFT
WH,ZH 139 [14-16] Everywhere
H — bb VBF 126 [17] Everywhere
ttH 139 [18] Everywhere
H — uu ggF, VBF,VH,rtH 139 [20] Everywhere but STXS and SMEFT
H— Zy ggF, VBF,VH,ttH 139 [21] Everywhere but STXS and SMEFT
H — inv VBF 139 [22] Sec. 6.3 & 6.5

(ce), (t7), (up) Channels are not included due to underlying topU3l symmetry:
A Leptons between generations are not distinguished
A 2nd generation quarks are not distinguished
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EFT mterpretatlon comblned measurements
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Conclusion

A Diphoton channel allows precise measurements in the Higgs sector
A STXS framework: suitable for combination

A Measurements: inclusive, production modes, STXS, kappa-framework

. . . —— top EW
A EFT interpretation in the SMEFT 4 sy )
; tFV v
(¢ N )
Prospects
g”“’ Cu. O Cil gj’;j
A EFT interpretation of combined Higgs measurements | ¢, | ||\C% Cil Cuw Cus) ™
e % EWPO
Cuo [} (0, cuz O3t 3. O
| Cea CoiCh C& C
: CHD ‘\f _______ tt
E Higgs =
l‘ Di-Higgs g
Introduction Analysis EFT interpretation




Backup

29



30

Luminosity @ Run 2
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Arbitrary Units

. > 018
Double-sided Crystaball 7 ans smusorreimmy o=
S 018 o _ 13 TeV. 139 fb"! 1-et, 120 < pl! < 200 GeV
> - ’ High Puri O MG = Signal Model
£ o4 MYy, M, =125.09 GeV on Furly o
> ~ Medium Purity O] MC = Signal Model
Z o012—
I I 1 I I I I 1 I | | | I I I I I I I | I 1 1 I 0 1:
3 A
1 — O — C
0"E R ATLAS - F
— Gaussian Distribution ] g
B X = vy . o
| _ 0.06 —
Oce %L ow -
B | 0.04
21— | -
10 = Oce-Xhigh = 002
u - 0= 120 122 124 126 128 o[G v
- — mw e
— Power Law . > 02r
~(m )'”H*gh S eF ATLAS Simulation Preliminary fiH
10 PowerLaw vy = S " 5= 13Tev, 139 b , Pz 6008V Hon urty
- ~(-m_ ) o - g 0.16—H-yy, m,= 125.09 GeV 120 < pf < 200 Gev,lgl-:;h P?Jri?y
= - : Am - = - - MCSOOE v i%na:w'\;()d'fl
B X n % 0.14; EIPR/I& - S’igngl Modesli
- n 012
1 — o oy PR B AR KI L 0 PR R S R W 0'1;_
520 540 560 580 00 620 640 o660 680 008/
myy [Ge\/] 0.06:—
0.04—
0.02—
0




-
Table 10: Wilson coeflicients ¢; and corresponding dimension-6 SMEFT operators 0;6) used in this analysis.

Wilson coefhicient Operator Wilson coefhicient Operator
CHO (HTH)o(H'H) CuG (Gpo*'TAu,)H G4,
CHDD (H'D*H)" (H'D ,H) CoW (GpoH u, ) T' HWY,
CHG HH G}, G Cub (GpoH”u,)H By,
CHB H'H B, B*” ¢/, (Lpyule) (LryH )
CHW HYHWL Wik co (@pYuar)(Gry"qs)
CHWB H't'HW/ B Caq (@pYut' ar)(Gsy*7' q1)
CeH (H'H)([per{{) Caq (GpYuq)(Gry*qs)
CuH (H'H)(QPHI‘{{) ng (qPTpTI‘?I)(Q_r')’“TIQS)
CdH (HE)(qurH) Cuu (L_‘p?’yur)(ﬁ.ﬂ'”ur)
C(lrl;g (HT::_{) pH)(LpyHly) Cun (tpypte) (i yHus)
¢ (H'i D! H)(I,7"'y"1,) Cau (GpYuq:) iy us)
CHe (H'i D ,H)(épyte,) v (itpyuT u,)(dsy"TAd,)
— _ _ -
i (H'i D ,H)(Gp7"qr) Cau (@pYuTqr) sy T u;)
— -
Hg (H'i D H)(qp7" v"gy) Cod (GpyuT qr)(dsy" T dy)
L =
CHu (H'i D ,H)(ii,y"u,) cw el KWy PwiH
CHA (H'i'D ,H)(d,y"d,) G FABCGAvGEPGSH
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Year 2017 2018

Selection cut Events Toteff [9c] Cut eff [9] Events Totefl [90] Cuteff [%0]
NpxAOD 213511216 100 - | 268678304 100 -
No duplicates 213511200 100 100 | 268678304 100 100
GRL 207136448 97.01 97.01 | 265452832 98.80 98.80
Pass trigger 185083728 86.69 89.35 | 239147728 89.01 90.09
Detector DQ 185054416 86.67 9998 | 239135232 89 99.99
Has PV 185054416 86.67 100 | 239135232 89 100
2 loose photons 21857452 10.24 11.81 28374152 10.56 11.87
e — y ambiguity 21857452 10.24 100 | 28374152 10.56 100
Trigger match 13441074 6.30 61.49 | 18743580 6.98 66.06
Tight ID 4624282 2.17 34.40 6409828 2.39 34.20
Isolation 1852435 0.87 40.06 2485239 0.92 38.77
Rel. pr cuts 1606093 0.75 86.70 2156352 0.80 86.77
my,, € [105,160]GeV 370335 0.17 23.06 496814 0.18 23.04

Table 10: Cutflow of the data in 2017 and 2018 using h®27 MxAODs.



Production mode ggH VBF

Selection cut Exp. events Cuteff [9] Tot. eff [%0] | Exp. events Cuteff [0] Tot. eff [Y]
All events 15306.4 - 100 1192.15 - 100
No duplicates 15306.4 100 100 1192.15 100 100
GRL 15306.4 100 100 1192.15 100 100
Pass trigger 9892.06 64.63 64.63 796.918 66.85 66.85
Detector DQ 9892.06 100 64.63 796.918 100 66.85
Has PV 9892.06 100 64.63 796.918 100 66.85
2 loose photons 8183.01 82.72 53.46 655.345 82.23 54.97
e —y ambiguity 8177.87 99.94 53.43 654.984 99.95 54.94
Trigger match 7533.15 92.12 49.22 595.055 90.85 4991
tight ID 6673.46 88.59 43.56 528.616 88.83 44.34
isolation 5880.96 88.12 38.42 471.771 89.25 39.57
rel. pr cuts 3477.5 93.14 35.79 430.036 91.15 36.07
m,, € [105,160]GeV 5476.17 99.98 35.79 429.494 99.87 36.03

Table 11: Cutflow of the expected number of events in the ggF and VBF samples



STXS classes

Variables

All multiclass BDT variables,

Individual pr” projected to the thrust axis of the yy system (p2)),
STXS classes from An HZepp _ Myy—1ij
8¢ = H ::M | : As
qq" — Hqq' ¢, = tan (Tﬂ) \/1 — tanh? (%),
qq — HCv . ,
o _ [EN4pI) (EV2-p?) - (EV-pt) (EV24p:?)
pp — H{E cosf’,, = = =
pp — Hvv FHT}.-l"IIIFHT},-F{PT )
Number of electrons and muons.
pr. 1. ¢ of yy and 5,
all ttH and tHW pT, 1, ¢ and b-tagging scores of the six highest-pr jets,
STXS classes EM'ss| EM'SS significance, Ef™ azimuthal angle,
combined Top reconstruction BDT scores of the top-quark candidates,
pr, 17, ¢ of the two highest-pr leptons.
Py My My,
pr. invariant mass, BDT score and AR(W, b) of ¢,
pt,nof 2,
tHab pr.nofjr,

Angular variables: Anyy, , Abyyp,, Al i ABy s ABy ) ip
Invariant mass variables: mo,, ., My jo, My, jps Moyyyy

Number of jets with pt > 25 GeV, Number of b-jets with pt > 25 GeV~;

Number of leptons®, EM* significance”
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Interpretations of the measurements

A Signal strength

A Crosssection

A Differential crosssection

Introduction

= T observed - depends on reference, high syst error, evolves with
OSM knowledge of the SM
O fiducial - specific for decay channel
Inclusive in production modes
d_a’ X =y, pr,... Inclusive in production modes
dX
Analysis EFT interpretation
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Interpretations of the measurements

A Signal strength

A Crosssection

A Differential crosssection

A Kappaframework

Introduction
I

Oobserved

v’
OSM

O fiducial

Analysis

depends on reference, high syst error, evolves with
knowledge of the SM

specific for decay channel
Inclusive in production modes

inclusive in production modes

probes amplitudes(and interferenceg
specific to a givenmodel (probes vertex)

EFT interpretation



