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Higgs physics

 Scalar boson discovered in 2012 (ATLAS+CMS), compatible with SM Higgs prediction

» Coupling to particles depends only on their mass
* Any new particle will modify Higgs production and decay rates

Ly
o
N

-
o

T T T I T T T | T T T I T T T I T T T |

pp — H (N3LO QCD + NLO EW)

pp — qqH (NNLO QCD + NLO EW)

Vs= 13 TeV]

LHC HIGGS XS WG 2016

o(pp — H+X) [pb

PP — WH (NNLO QCD + NLO EW)

pp — ZH (NNLO QCD + NLO EW)

107"

pp — ttH (NLO QCD + NLO EW)

[ pp— bbH (NNLO QCD in 5FS, NLO

| | | l | 1 | I | | | l | 1 | I | | 1

120

122 124

Introduction

126 128 _ 130
M,, [GeV]

Phys. Lett. B716 (2012) 1-29

Phys. Lett. B 716 (2012) 30

1

10"

Higgs BR + Total Uncert

e

Analysis

L | | |
120T 140 160 180

EFT interpretation

LHC HIGGS XS WG 2011


https://arxiv.org/abs/1207.7214v2
https://arxiv.org/abs/1207.7235v2

H — vy channel

« Small branching ratio B (0.228%)
. Clean 5|gnature and smooth background
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« Current precision on the cross-section O(10%): (full Run2 data: 139 fo™1)

(a x B,W) = 12150 fb = 121+ T(stat.) H(syst.) fo,
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Probing Phase Space deeper: Simpliied Ternplate XS (STXS)

Measure production cross-sections in kinematic regions (truth bins):
production mode, momentum, #jets, ...

Do not include Higgs final state in the description
Use kinematics of other particles
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Probing Phase Space deeper: Simpliied Ternplate XS (STXS)

Measure production cross-sections in kinematic regions (truth bins):
production mode, momentum, #jets, ...

Advantage:

« No dependency on the final state

«  No extrapolation to full phase-space (acceptance, kinematical cuts)
« Easy to combine (no final state dependency)

Do not include Higgs final state in the description
Use kinematics of other particles
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Probing Phase Space deeper: Simpliied Ternplate XS (STXS)

Measure production cross-sections in kinematic regions (truth bins):
production mode, momentum, #jets, ...

Advantage
No dependency on the final state
« No extrapolation to full phase-space (acceptance, kinematical cuts)
« Easy to combine (no final state dependency)
« Reduced theoretical uncertainty (no dependency on predictions)

» Enhanced sensitivity to BSM regions (splitting high- and 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 (mergeq)

= 0jets

pi < 200 GeV

= ljet

_

mj; = 350 GeV

mjj < 350 GeV

pif < 200 GeV

Il

Introduction Analysis
- ]

V(lep)H

qq — Hiv

Hiv, pY <150 GeV

pp — HEL

Hiv, pi¥ > 150 GeV

EFT interpretation
|



Analysis

Introduction Analysis EFT interpretation
| - | |



Photon reconstruction

* Reconstruct two photons: energy deposit in EM calorimeter.
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Photon reconstruction

* Reconstruct two photons: energy deposit in EM calorimeter.

0

 Jets can mimic photons: exploit granularity to reject
& shower-shape variables
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Photon reconstruction

* Reconstruct two photons: energy deposit in EM calorimeter.
Y

 Jets can mimic photons: exploit granularity to reject
& shower-shape variables

Selection for photons:

In| < 2.37, excluding |n| € [1.37,1.52] Efficiency:
1(2) 84% at pT = 25 GeV
I > 0.35 (0.25) + tightID & isolation 94% at pT = 100 GeV
My
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M~~ Spectrum

> 2500
0,
% 2000
: L B 1500
O(6500) Higgs bosons decaying into two photons in =
the full Run 2 dataset (139 fb-1) are available for g 1000
analysis @
500
Efficiency for an SM Higgs boson inlyx| < 2.5 ~ 39%% 128
S 0
| -50
Need to precisely model signal & background g
()
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StatlStICa ‘ mOd e‘ Extended term: fluctuation in the number of events

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

[1/e(mi,0) x T1G(6))
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StatIStICa ‘ mOd e‘ Extended term: fluctuation in the number of events

— Diphoton mass Pdf

£ (7. flmoy ) = [] Pois (nelve(ii,0) L1 fe(m3,16) x T1G(6;)
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StatlStICa ‘ mOd e‘ Extended 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) |
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StatlStICa ‘ mOd e‘ Extended 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:

— —

Folmay 18) = 2{ [ (7. 6) + N, 85, | Py, (11185 ) +0. Pty (s 1oy }

— Fitted signal Ve = Sc + Ng, + b,
Se = Z O-t-ActgctE
© |—>Luminosity

»Efficiency
» Acceptance
—— Cross-section of truth-bin
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StatlStICa ‘ mOd e‘ Extended 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:

—

Folmay 18) = 2{ [ (7. 6) NG, | Py, (1m0 168p ) +0. Pty (s 10y }

spurious signal

—— Fitted signal Ve = 8.+ Ng, + b.
Se = Z O-t-ActgctE

© L. Luminosity

»Efficiency

» Acceptance

——— Cross-section of truth-bin
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StatlStICa ‘ mOd e‘ Extended 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:

—
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Se = Z O-t-ActgctE

© L. Luminosity

»Efficiency

» Acceptance

——— Cross-section of truth-bin

Introduction Analysis EFT interpretation
| - - | |



11

StatlStICa ‘ mOd e‘ Extended 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, 9|mfw) = 1:[ Pois (nc\uc(ﬁ, 6_’)

—

Folmay 18) = 2{ [ (7. 6) HNEIG, | Py, (1m0 18p ) Ho PAE g (s 1By }

spurious signal

—— Fitted signal Ve = 8.+ Ng, + b.
Sc = Z O-t-ActgctE

© L. Luminosity
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StatlStICa ‘ mOd e‘ Extended 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_’)

—

Folmay 18) = 2{ [ (7. 6) HNEIG, | Py, (1m0 18p ) Ho PAE g (s 1By }

spurious signal

—— Fitted signal Ve = 8.+ Ng, + b.
Se = Z O-t-ActgctE

© L. Luminosity

»Efficiency

» Acceptance

——— Cross-section of truth-bin

Simultaneous fit of 101 categories, targeting 28 truth bins

~

~400 systematics
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STXS measurement

STXS Purity plot

Categories are merged only for visualisation

ATLAS Simulation 139 fb™

H—yy, Vs=13 TeV
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Signal shape modelling

oy 02— 71— 71— 71— =1 W T v [ ¥
() 018:_ATLAS Simulation t;rl-lé%hé):\r;ty =
From MC simulation O 0.46E./5= 13 TeV, 139 fb” b MC —Signal Model 3
L0 PE Hoyy, m =125 GeV 120 < p''< 200 GeV :
o 0.14F H 0 MC * —Signal Model ]
. . = H> 300 GeV =i
Double-Sided Crystal Ball function: = o012f "LVG — SignaiModel
Gaussian core + asymmetric polynomial tails _g 0.1 =
> 0.08F =
Unbinned Likelihood fit, fixed range: ; 0.06- E
113-138 GeV = e E
0.02;— I =
. - — - I T T e = e

Independently for each of the 101 categories %20 122 124 126 128 130
m,, [GeV]
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2000 o
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Background Modelling

Background components: 1000
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Directly estimated from data with ABCD method
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2000 o
1800F- ATLA

16005 5= 18 TeV, 139 ft5" ¢ Data
1400 gg— H, 1-jet, p < 60 GeV, High-purity DY'Y

Background Modelling

Background components: 1000
800

Events / GeV

q Y 9
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Background: yy +yj + |j.
 Jets Bkg modelling is complex and computationally expensive:

Directly estimated from data with ABCD method
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Background Modelling

Events / GeV

2000

1600
1400

Background components: 1000

g0
800

q Y 9

w0 X
e e

Background: yy +yj + |j.
 Jets Bkg modelling is complex and computationally expensive:
« Use yy template re-weighted to the shape of yj and jj in the

data
Directly estimated from data with ABCD method
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Background Modelling e
lefg Efé Bka-mqj MC

Functional form (exp, Bernstein, polynomial) is chosen by
Spurious signal test or Wald test (low-stat categories):
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Background Modelling e
%kg S BKg-ony HC

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

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

 Signal at various positions (123-127 GeV) with 0.5 GeV step My,
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(ékg S BKg-ony HC
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Background Modelling e
%kg S BKg-ony HC

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

Try a series of fits:

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

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

Spurious signal
* Take the one with the lowest # params passing criteria:
N_sp < 10% expected signal
N_sp < 20% expected error on bkg (for Asimov dataset)
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Background Modelling e

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

Try a series of fits:

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

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

* Take the one with the lowest # params passing criteria:
N_sp < 10% expected signal
N_sp < 20% expected error on bkg (for Asimov dataset)

15
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Results: signal strengths

Inclusive
oV o)y =1.045 Hosg = 1.04 T0-0%0 (stat.) To-02s (syst.)

No significant deviations wrt SM
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Results: signal strengths

Inclusive
o [olY = 1.045 T80 = 1.04 *0-0%0 (stat.) T 2; (syst.)
II|III|III|III|III|III|III|III|III|III|
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 e 1.04 *010 (755 "05)
— 120 702 (87102
WH = 15 Tos (%05 o1 )
ZH | —s— 02 T (%05 %01 )
ttH e 0.89 "3 (0% “00s)
1 1 | 1 | | | | 1 1 1 1 | | | 1 | 1 | | 1 | I 1 | 1 | |
0 1 2 3 4 5
tH —t—e 13 5 (3 1)
II|III|III|III|III|III|III|III|III|III|
4 2 0 2 4 6 8 10 12 14
(6B,,)(oB, ),
No significant deviations wrt SM
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Results: signal strengths

Inclusive

LA | T T

ATLAS

| L

T T T

r 1 r 7T T

16

Vs=13 TeV, 139 fb’

H—yy m, =125.09 GeV ly,<2.5

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

- 1.04 +0.060

Yy 1YY
o 0§y ~0.059

_ 0.084
= 1.045 ¥ 050 =

(stat.)

+0.059
—-0.054

(syst.)

- Obs + Tot. Unc.
p-value = 55%

SM + Theo.

Tot.

ATLAS Product|on Modes 's=13 TeV, 139 fb™
H— vy m, = 125.09 GeV |yH|<2.5

- Syst. unc.

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: <120

9g—H, 1-jet, 120 <plf < 200
gg—H, 22-jets, m < 350, p: <120
gg—H, 22jets, m <350, 120 < pf < 200
gg—H, 22-jets, m = 350, P < 200
gg—H, 200 < p: <300

gg—H, 300 < p: <450

9g—H, pf = 450

qq'—Haqq', =1-jet and VH-Veto

| +0.10 +0.06

ggF + bbH I'.'I 1.04 ~010 ( _008 —006 ) aq'—Haq', 22-ets, :’H—had
+0.28 +018 +0.21 qq'—Hqgq', 22-jets, 350 < mII < 700, P < 200
VBF _ 1 20 _ 0_25 ( -0.18 =017 ) 19'—Haqqg', 22-jets, 700 < m” < 1000, p: < 200
1 +0.6 ( +0.5 +0.1 ) qa'—Hag', 22-jets, m 1000, p!! < 200
WH - 1 1.5 -05 -05 -0.1 |g—Hag', 22-jets, 350 < m: <1000, p!* 2 200
ZH I_+_I _0-2 +0.6 ( +gg +g-: ) qq'—Haq', 22-jets, m = 1000, p: =200
1032 [ 031 +008 R <190
ttH I—.-——I 0.89 ~0.30 ( 029 —0.05 ) aa—HN, p! 2 150
pp—Hilivy, p:" <150
R R R R R R R R I i R pp—sHIlvv, B =150
0 1 2 3 4 5 ttH, pl’ < 60
ttH, 60 < p: <120
tH : I — : 3 +g ( +g +:|] ) ttH, 120 < < 200
- - - ttH, 200 <p¥ < 300
ttH, p" = 300

ca v b by b b v v by o bvovoa by aoa | Pr
tH

(O'-BW)/(O'-B

Y )SM

p-value = 93%

No significant deviation:
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Results: Kappa-framework

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 rrr | rrr | ! ‘_ Ll_ _I T TT ] T 1T | T T T L L [ T T 1T I T TT ] T TT 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
- 1 141 ]
1 . : :
1 1: ] 1.2 - -
T ] 1| -
0.9 - 0.8} .
0.87 c v v b by by Iy \H 06 -l poa lvv v b b b by Ly l-
08 09 1 11 12 13 085 09 095 1 105 1.1 115 1.2
Kq Ky
Introduction Analysis EFT interpretation



EF T Interpretation

Introduction Analysis EFT interpretation
| - | |



EF T Interpretati

ESMEFT —

\
s C

SM Lagrangian
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Wilson coefficients
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onN: SMEFT (Standard Model Effective Field Theory)

t I LHC Reach |

Standard Model EFT New

Physics
EFT effects on cross

tion (tail Id b '
section (tails) could be Sketch from Nicolas

+ O

observable at LHC
Berger (LAPP)
e i mass
L B
~ A
A %)
— Energy-scale of the new physics
Basis-operators formed
from combinations of the
SM operators
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EFT impact on the cross-section of the truth bin t, decaying into final state f

_ tf
tf O' +Uznt+0BSM
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EFT: Methoa

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

Introduction Analysis EFT interpretation
| - | |



20

EFT: Methoa

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
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EFT: Methoa

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

o =logy |+ il ok

int
= L Pure BSM contribution
> Interference SM-BSM

> Pure SM cross-section
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EFT: Methoa

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

gl — 0?;’{4 + Ufﬁi + 0% -
L~ ,Pure BSM contribution

> Interference SM-BSM

> Pure SM cross-section
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EFT: Methoa

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

obf = ag?\} + Uf;fi + a% Comparing: |
T~ ,Pure BSM contribution| Linear vs Linear + Quadratic
> Interference SM-BSM allows checking the possibility of neglecting dim 8

terms
> Pure SM cross-section
H—f
gl — O.tF
I‘H
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EFT: Methoa

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

ot f — gg:{\} + gf;f; -+ a% - C_omparing: |
T~ ,Pure BSM contribution| Linear vs Linear + Quadratic
> Interference SM-BSM allows checking the possibility of neglecting dim 8

terms
> Pure SM cross-section

ot = gt Linear model

EFT interpretation
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20

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

Comparing:
Linear vs Linear + Quadratic
allows checking the possibility of neglecting dim 8

terms

gl — 0?;’{4 + Uf}i]; + 0% o
' ~Pure BSM contribution
> Interference SM-BSM
> Pure SM cross-section
FH—>f
otf = gt =7 Linear model
f total
il = —Ji L= L5 AP A - AT
Ot (SM)
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EFT: Methoa

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

obf = ag’?\} + O‘,f;g; + 0% Comparing: |
T~ ,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
ot =|ot =7 Linear model
o
. total
M{ _ ;(znt) _ 1_|_Z AZ—>H_I_A£H—>)° _AEH Cr
T4 (SM) k . L
Depend only on the decay channel Narrow width approximation:

Depend only on the production mode No propagator correction

Introduction Analysis EFT interpretation
| - | |



20

EFT: Methoa

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

obf = ag’%} + O‘,f;g; + 0% Comparing: |
T~ ,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
obl =|o! _ﬁ Linear model
Oin
o/ | ‘ Ak = JSJ\Z
in total
pl = 00 =14 5 A A — A e
T4 (SM) k . L
Depend only on the decay channel Narrow width approximation:

Depend only on the production mode No propagator correction
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EFT interpretation: impact of coeffs on observables

ATLAS Simulation vs-13Tev 139" H— yy,m = 125.09 GeV, A = 1 TeV
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EFT interpretation: results, individual Ci

Measured values and 68% (95%) ClI 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 I D 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—
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Quad differs from linear:
Potential bias o

Quad is similar to linear:
O(8) terms can be neglected
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EFT interpretation: PCA definition

Try to perform measurements of the most sensitive directions (PCA)
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EFT interpretation: PCA results

Simultaneous fit over 12 eigen-vectors

Likelihood scans
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FFT 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
ATLAS-CONF-2021-053 [ geF, VBF, WH, ZH, ttH (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

(cc), (77), (upr) Channels are not included due to the underlying topU3I symmetry:
* Leptons between generations are not distinguished
« 2nd generation quarks are not distinguished

Introduction Analysis EFT interpretation
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https://cds.cern.ch/record/2789544/files/ATLAS-CONF-2021-053.pdf
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M~ spectrum

Conclusion

 Diphoton channel allows precise ST -t | T e 1 TS shage 12 eed
' | iciency for an SM Higgs boson in |um| < thmg n_‘ et VI
measurements in the Higgs sector D

« STXS framework: suitable for combination

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

* EFT interpretation in the SMEFT
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EFT interpretation: results mdlwdual C|
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EFT interpretation: Symmetry scheme

topU3l: scheme used in ATLAS global combination . quarks

— leptons
U3) @U(3)e

Quarks:
st + 2nd generations:
(le Uy, d?“) = U(Q)q & H(Q)u & M(Q)d
3rd generation:
(Qrot,by) - 10 symmetry
no CKM

Voru =1

“At energy scales, where the first two generations of
quarks are undistinguishable”




EFT interpretation: Symmetry scheme

topU3l: scheme used in ATLAS global combination . quarks

— leptons
u(?’)l X M(S)e

Quarks: Leptons:  14(3); = U(3); @ U(3).
Ist + 2nd generations: All generations symmetry:
(g1, ur, dy) €UR) G @U2) W @U(2)4 e=p=r
3rd generation: No mixing
(QLa by, br) - no symmetry
no CKM
Vexm =1 Input parameters:

“ . ) (mW7 mz, GF)
At energy scales, where the first two generations of

quarks are undistinguishable”
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Luminosity @ Run 2
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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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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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From Michael Spira’s slides

o(pp—~H+X)[pb]

60

pp—H+X 13 TeV, PDF4LHC15, up=ug=m /2

50 |

40 |-
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20 |

mj

ATLAS®

NLO QCD

NNLL+NNLO QCD+NLO EW N3LO QCD+NLO EW

?

Anastasiou et al. (2016)

* Nature 607, 52-59 (2022)

stolen from M. Grazzini@Higgs10
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Interpretations of the measurements

Signal strength

_ Oobserved
l,L =
OSM
O fiducial

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

inclusive in production modes
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Interpretations of the measurements

Signal strength

Cross-section

_ Oobserved
l,L =
OSM
O fiducial

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

- specific for decay channel

inclusive in production modes
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Interpretations of the measurements

Signal strength

Cross-section

Differential cross-section

7

Oobserved

OSM

O fiducial

do

> X = Yy, P, ---

dX

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

- specific for decay channel

inclusive in production modes

inclusive in production modes
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Interpretations of the measurements

 Signal strength = T observed - depends on reference, high syst error, evolves with
TSM knowledge of the SM
» Cross-section T fiducial - specific for decay channel

inclusive in production modes

» Differential cross-section. ~— X =y, pr,... inclusive in production modes

* Kappa-framework 7; probes amplitudes (and interference)
specific to a given model (probes vertex)




Higgs production and decay

Production modes

t/b/t

ttH

t’/lb b

t/lb 9
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