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(LAPP Higgs-boson properties: precision measurements

Two complementary measurements used to explore the properties of the Higgs boson:

Total phase space

Fiducial
phase
space

_~LHCHWGFiducialAndSTXS

Fiducial cross sections: / Stage 1.2

e largely model-independent el
measurements. i =] 2] |m,,[o _

e Include information on the decay. v L ——————

e Different distributions can be e - :;33:' — |
measured. o B

e Fiducial selection matches e Simplified template cross section (STXS):
experimental selection -~ d e STXS targets phase space regions within production modes,
(reduce full phase space using Standard Model kinematics as a template.
extrapolation). e Categorise each production mode in bins of key (truth) quantities

g (pﬁ, Njets, n;, ).

e Reduce theory systematics, but more model-dependent.

e No decay information available in STXS (for the moment).
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGFiducialAndSTXS

¢ LAPP Higgs cross sections in H — yy decay channel

ATLAS-CONF-2019-029

e Fiducial integrated and differential cross sections (2015-2018 dataset, /s = 13 TeV - 139 fb!):
+ integrated cross section: ¢ X BR = lgnal/ (L-€- A) -> backuv

+ differential cross section: d(GXBR)’/dx " e;s, Jj', Ago( -> interpretations.
Observables sensitive to nepyscs spm n P-qntum umer of the Higgs (Ag;) but
also QCD calculations in the SM (p/”, pT s Niets)-

e Main improvements with respect to previous measurements:
+ reduced statistical and systematic uncertainties;

+ improved signal efficiency /background rejection for diphotons.

ATLAS-CONF-2020-026
e STXS cross sections (2015-2018 dataset, v/s = 13 TeV - 139 fb'):

+ measure production cross sections in the STXS framework -> Higgs-boson production phase

space (| yy| < 2.5) split by production process as well as kinematic and event properties.
e Main improvements with respect to previous measurements:
+ increased granularity (including differential 1##H measurement)->{ 27 STXS regions

+ new categorisation; reduces uncertainties and correlations.
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https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf
https://cds.cern.ch/record/2725727/files/ATLAS-CONF-2020-026.pdf

cUAPP The H — yy analysis in a nutshell

e Small BR (~0.2%) but excellent performance of photon reconstruction and identification + mass
resolution-> clean signature.

* Experimental signature:

+ narrow resonance with a width consistent with detector resolution rising above a smooth
_background in the diphoton invariant mass (myy) distribution. ATLAS-CONF-2020-026

Sl ) ) o i ) ‘ ) i ‘ i .; % E' T T T T T E
+ defined by two isolated photons w1th pleadmg /m,, > 0. 35 and § & s000E- ¢ Data g“ﬁg;’;ev“f:';;;p =
subleading § 22500 B_‘""kgm““d m,=12509GeV
pT /m},y > (.25. | §2000§_ —— Signal + Background ﬁl(lfa;g;)ri?ghteds m_;
+|n| <1370r1.52 < |n| <2.37. _ § S 15002 S = Inclusive E
. .. § 3 1000 Tt%eseqes. 3
+jets: pr > 30 GeV and rapidity | y| < 4.4. Analysis cuts {4 cooE : ‘ E
+ | yHl < 2 5 for STXS measurements ! 5 100E ' ' ' —
_ e S - _— b oo e AR f D 5o
o Results flt d1phot0n mass myy usmg parametensed s1gnal g o
| -50E \ . s s .
g 110 120 130 140 150 160
and background shapes in each category. g m,, [GeV]
. . c —— ATLAS-CONF-2020-026
Categorisation for STXS measurements | § L I:Igg : ; ;; ?’ﬁ‘;ie%'T:;?;'%E;i“m'”awi
) o M 107 = - 99— H (1ot ?Zj 1p392f;e:_)YY
* Multi-classifier BDT used to separate events SN 1% oos n e
into STXS bins. 10_2?5 E o.oef— - ]
* Binary BDT classifier applied in each STXS bin{ % B I By S f
to divide events into different categories and g s FER . -, E
improve the sensitivity. Mulilass BT outpu RS I :
. a u ; 0 01 02 03 0.4 05 06 07 08 09 1
Training variables in backup BDT score
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https://cds.cern.ch/record/2725727/files/ATLAS-CONF-2020-026.pdf
https://cds.cern.ch/record/2725727/files/ATLAS-CONF-2020-026.pdf

cUAPP The H — yy analysis in a nutshell

e Small BR (~0.2%) but excellent performance of photon reconstruction and identification + mass

resolution-> clean signature.
* Experimental signature:

+ narrow resonance with a width consistent with detector resolution rising above a smooth
ATLAS-CONF-2020-026

_background in thedlphoton invariant mass (myy) distribution.

psubleadlng/m > 0.25.

*|17|<1.370r1.52<|77|<2.37. _
+jets: pr > 30 GeV and rapidity | y| < 4.4. Analysis cuts

|+ |yH| < 2. 5 for STXS measurements
o Results fit d1photon mass myy using parametensed s1gnal
and background shapes in each category.

Unfolding for fiducial measurements

-' e The reconstruction-level data signal yields are unfolded to particle level!

using a bin-by-bin correction factor:

N (dg) NS

o ﬁd; . a l

Ctid,i Axi Lint
#Bin-by-bin correction factoafor detector efficiency and resolution effects.
Matrlx-based unfoldm as a check (full detector response matnx)

Enlgmoss

“{’-defmed by 'two isolated hoon With leadlng/ h ” / 35end

Sum of Weights / GeV

Eéf/t(ﬁ”@ m

Data - Cont. Bkg.

¢ Data ATLAS Preliminary _J
Vs=13TeV, 139 fb
"""""""" Background m,, = 125.09 GeV

— Signal + Background ,, categories

S = Inclusive

In(1+S/B) weighted sum J

110 120 130 140 150 160

m,, [GeV]

ATLAS-CONF-2019-029

H— yy, s =13TeV, 139fb my = 125 09 GeV
ATLAS Preliminary

B Luminosity

. @ Correction factor

1% o Signal extraction

[ ] ® Statistics
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https://cds.cern.ch/record/2725727/files/ATLAS-CONF-2020-026.pdf
https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf

¢ LAPP H - yy: differential and fiducial cross sections

e The distributions are compared to the state-of-the art theory predictions and used for the
interpretations.

Ll 10 F T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
E F ATLAS Preliminary  H—yy, Vs=13TeV, 139 fb"
h vy b IS I -¢- Data, tot. unc. ' syst. unc.
* The p// distribution is compared to — [
T p >%'- 1: w2 = gg—H default MC + XH ]
NNLO]ET-I—SCET ~ BB NNLOJET @ SCET NNLO @ N°LL + XH ]
g “ <\ XH = VBF+VH+ttH+bbH ]

* The p/’ distribution reaches out to 350 GeV, probability from y*: 44%

—
<

a region where top-quark mass effects start

to become sizeable. ek

* A finer binning has been chosen at lower p/’

a N

to probe the region where resummation

—

effects are important and to probe the charm

quark Yukawa coupling -> results

o
&)

Ratio to default pred.

presented in Marko’s talk (+ backup).

7100 150 200 250 300 _ 350
P [GeV]

o
ol
o

ATLAS-CONF-2019-029
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https://indico.desy.de/event/28202/contributions/106031/
https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf

¢ LAPP H - yy: differential and fiducial cross sections

3 [ATLAS Prelmnary | H-7y,(5=13Tov, 139 15" |
e The distributions are compared to the state-of-the art theory £ == + Data ot une: syt une,
':_8_'_ f &= gg—H default MC + XH
predictions and used for the interpretations. > B oo+ NNLOUET 4 xH
8 [& gg—H SCETIib (STWZ) + XH ]
otk e =+ XH = VBF+VH+ttH+bbH
T anti k, R=0.4, N =0
e Kinematics observables with sensitivity to new A s probability from % 77%
physics. ol , _
o Ag;: sensitive to CP properties of the Higgs boson.
* Good agreement observed w.r.t. SM predictions. 19
—_ N — S — E P B R R S R SR
£ :ATLAé Prelin;inary | HI—>yy, \IEI:13 Te{/, 139 fbl'1 ] =2, :l4TLAS IIDreIiminarIy I. gg—H default MC + XH ] 0 >0 100 150 200 250 329 [Ge\?;]SO
'CE;= ‘+‘ Data, tot. unc. 2\ syst. unc. | §= | H—=yy, Vs=13TeV, 139 fb" [a gg—H Sherpa (MepsenLo) + XH] T
\.3_3 B g default MC + XH 3-0 4_——+— Data, tot. unc. 2\ syst. unc. B8] g9—H GoSamsSherpa + XH ]
'8 A gg—H Sherpa (vepsenco) + XH 8; == XH = VBF+VH+ttH+bbH ]
102} - gg—H GoSam+Sherpa + XH anti k; R =0.4, p, >30 GeV
E [ ==+ XH = VBF+VH+ttH+bbH
: anti k, R=0.4, p,>30 GeV
T i 2. 750 . .
Propabilty om 1= 75% other interesting
distributions in backup
10° . L
Eg. 1.5¢ Ef_ 1.5k . AT LAS-CON F-201 9-029
g ; ‘g ] ANNRRRRRN SN
_‘; 0.5 § 0.5

PR SR T T S TR [T SO SN TN T S N T T TN SN SN T S N SO SO N1 PR
O 200 400 600 800 1000 1200 1400 -3
m; [GeV]
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https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf

¢ LAPP Anomalous Higgs-boson interactions through EFT

An effective field theory (EFT) approach can be used to interpret Higgs-boson interactions:
e additional CP4even and CP-odd interactions can change the event rates, the kinematic

properties of the Higgs boson, etc.., from those predicted by the SM. P .
Lepr = Lsy + Z 7@_]@1-
e The differential H — yy cross sections are sensitive to operators that HD

affect the Higgs-boson interactions with gauge bosons (5 d1fferent1a1 dlstnbutlons)

d(axBR)/dx X = p ” m, ﬂ my Ay

i SILH N
. L

* Two different EFT basis have been used: ¢gO0g + 6,0y + cawOnw + cuOns

4+ the SILba_51of te_ 1  o ffcteLa

+ C~g0g + 5707 + 5HWOHW + 5HBOHB ,

LSMEFT D CHGOé ar CHWO;{W + CHBO;{B + CHWBO},’-IWB

+ the!{ Warsaw basis of the SMEFT Lagrangian.

+CHG0é + CHWO;IW + CHBO;—IB + CHWBO},LIWB

ATLAS-CONF-2019-029
%1'85 ““““““““““““ E s S s s s s B s B s B B B B B B By
o1.7FATLAS Simulation Preliminary H — vy, s =13 TeV (@) - ATLAS Simulation Preliminary H — yy, Vs=13 TeV .
E_D-I 6; SILH E -'g 1.8~ SMEFT (Interference-only) ]
§1 5f ~ Cuw =T =0.03 SILH - CP even: = 16- —C,5=18x102 Cpg=-13 -
S =24 10° E T =8, =-29x10° 5‘ =-88 1 Plots including CP-
= T, = - - .
g E 1.4F -
= E - —1_ | 1 odd (SILH) and CP-
= = r — ]
- g 1.2p 1 even (SMEFT) are
i | e m—“cl N in backup
E 0.8 ""E -
%%b‘%ﬁ;% 0 6:0|@|@|P|@|@|»|»|@ - |\\ |\\ |q o|)|m ; ‘ |o|? @IG,IA'):
2Ty “50‘%0‘%{%0%@%%3%%%0 v %é%%a%%o%i Be%%
Py’ 08V Nus My (01 Ay Py (G P’ [Gev] Neo MGVl Ag Pl 1Gev]

Enigmass

[[[[[[[[[[[[


https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf

¢ LAPP Anomalous Higgs-boson interactions through EFT

e 1D and 2D limits obtained fitting one or two WC at the
time (and fixing the others to 0 -> SM).

e The limits in the
interference + pure BSM cases are very
similar for coefficients of CP-even
operators (interference terms dominate).

i SILH = - . =
L CgOg + C),Oy + cgwOnw + cuOus

+ 5gOg + 5707 + C~HWOHW + C~HBOHB

e Destructive interference causes the ggF production cross
section=0 around ¢, ~ —2.2 - 10~ for &, ~ 0-> structure seen

in the observed limits in the two-dimensional parameter plane.
ATLAS- CONF 2019 029

SMEFT
Ly

D CHGOé + CHWOI’LIW + CHBO;{B + CHWBOI’LIWB

+CHGOé + CHwO{LIW + CHBOIILIB + CHWBO;IWB

interference and

e Significant differences emerge for the CP-
o odd ones for which the interference term is
vanishing (for inclusive observables)

ATLAS Prellmlnary
L H—yy, (s=13TeV, 139 fb”
SMEFT Interference-only

Observed 68% CL

Observed 95% CL |

= u L L L B B & 04><1_1O" ‘ i
% 0_15:_ TLAS Prellmlnary H— yy, Vs=13TeV J E ATLAS Prellmlnary H -7y, \E: 13 TeV 3
- SILH - 0.3 siLH E
01—z - ] E T =C,py=0 = =
oo ; "2 oo N\
0.05 6g='5g=0 | —] 0.1 fy=5y=0 \\\ .
C 61’:5}’:0 // \ a E \‘N E
of \ + : of + .
E N . 3 / E
~0.05F K = ~0.1F :
01; {1 Observed 68% CL E _0.2F 00 Observed 68% CL =
' F [ Observed 95% CL ] - [__] Observed 95% CL E
~0.15 + SM _: ‘0'3? + SM E
Ll \ \ n _0.4L_ Cl N ... 1x107
0.08-0.06-0.04-002 0 002 0.04 0.06 0.08 -0.8 06 -04  -02 0 0.2
69
4 Coefﬁment Observed95%CLhm1t ) Expected 95%CL limit Y CO%mCient
: [<0.26,0.26] x 10°%  [-0.25,0.25] U [-4.7, -4.3] x 107* | oo
[-1.3,1.1]x 107 [-1.1, 1.1]x 107 Criw
[-2.5,2.2] x 1072 [-3.0,3.0] x 1072 Criw
[-6.5,6.3] x 1072 [-7.0,7.0] x 1072 gHB
[-1.1,1.1] x 107 [-1.0,1.2] x 10~ EHH;B
[-2.8,43]x107* [-2.9,3.8]x107* G,

Enigmass

"95% CL, interference-only terms |

0.5 1 1.5

Parameter value
95% CL 1nterference and quadratlc terms

Cuws

[-4.2,4.8] x 107*
[-2.1,1.6] x 1072
[-8,2,7.4] x 1074
[-0.26,0.33]
[-2.4,2.3] x 107
[-13.0, 14.0]
[-4.0,4.4] x 107*
[-11.1,6.5]

[-6.1,4.7] x 107%
[-1.5,1.4] x 1073
[-8.3,8.3] x 107*
[-3.7,3.7] x 1073
[-2.4,2.4] x 107
[-1.2,1.1]x 1073
[-4.2,4.2] x 107*
[-2.0,2.0] x 1073
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CUCAPP

— yy: STXS

Cross sections

= 0jets

P < 200 GeV

= 1ljet

> 2jets

my; < 350 GeV

e The relative uncertainties on the measurements

> 2jets
mj; > 350 GeV

P < 200 GeV

27 STXS bins

V(lep)H

—| Hev, pY¥ < 150 GeV
—| Hov, plY > 150 GeV

qq¢ — Hlv

pp — HU

range from 20% to more than 100%.

ATLAS Preliminary
Vs =13 TeV, 139 fb”

led Total | |Stat. == Syst. | SM

H—yy, m = 125.09 GeV

Total Stat. Syst.

99H0J0 <110 076 ol (026, 109
9g=H0Jpff> 10 117 02 oas, 1%
gg—>H1J0<p_':<60 0.91 T(;)_f; (= 0.40, :;)-.11:)
gg-~H 160 <pf! <120 118 D (+037, N30)
9g—H 14120 <plf <200 0.70 =052 (+050, '3y
gg—~H =20 0<m;; <350, 0<p <60 |——=m=—=—H 0.47 :1.~2218 (:1.-1156, T(?.;3585)
gg—H=2J0<my <350,60<pl<120  |—pmm—] 0.28 +0.59 (_+(;)..5587’ :;)..1123)

+0.48 +0.17

gg—H =2J 0 <m,; <350, 120<p:' <200
gg—H =20 m;>350,0 < p;' <200

gg—H 200 < p: <300

gg—H 300 < p: <450

gg—H p$ > 450

qq—>Haqg = 1J

qg—Haqq =2J 0 < mJ‘J <6011 120 <mJJ <350
qq—Haqq =2J 60 < mJJ <120

qq—Hqq 22350 <m  <700,0< p:' <200
qq—Hqq =2J mJJ >700,0< p:_' <200

qq—Haq=2Jm > 350, p$ >200

-

+0.99 ,+0.88 +0.47
== 225 o1 (g7 -0.20)

0.60 47 (045, 5i4)

+0.40 ,+0.38 +0.13
1.00 537 (L0360 -0.09)
+0.57 4055 +0.14
020 450 (.049° -0.09)

1 +1.45 +1.44 +0.17

= i 164 00 (6 oo0s)
+1.23  +1.15 +0.44

il
== 1

155 108 (1025 -038)

+0.46 ,+0.41 +0.20
= 135 040 (o6 017)

===t 316 5 (| )
076 Ven (o o)
079 B (oars s
100 1952 (1028 102

qq—Hiv 0 < p:’ <150

qq—Hlv p:/ >150

+U.71 +U.22, !
EI 2.41 -0.70 (+0.67, _0.19);

= +1.16  +1.14 +0.19

—— 1 264 099 (0970 -047):
v +0.99 +0.96 +0.26, !
HIIO<p( <150 EI -1.08 -0.87 (-0.85’ _0_20)
+1.11 ,+1.10  +0.16, |
Hilpf > 150 —=— 010 yan (Cnats nia) |
0.83  +0.80  +0.21
tH O <py <60 076 570 (oes: 0.17)
+0.54 ,+0.53 +0.10
ttH 60 < p'! < 120 0.72 546 (046 -0.08)
+0.63 ,+0.61 +0.17
tH 120 <py <200 1.06 54 (.052° -0.14)
053  +0.52 +0.12
ttH py > 200 0.96 545 (‘045 -0.10)
- ) +3.28 ,+3.13  +0.97,
tH H——— 4 085 yat (ap1» -0.08)
| | | | | | | | | | | | | | | | | | | | | | | |
8

-2 0 2 4 6
ATLAS-CONF-2020-026 '
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CAPP

H — yy: STXS cross sections

e Large uncertainties occur in particular in regions of high

pﬁ and p}/, as well as the low-m;; regions of g9 — Hqq'.

e The systematic component of uncertainties is smaller
than the statistical component (similar values for the 0-jet
regions of gg — H).

e No significant deviations from the SM expectation are
observed-> compatibility between the measurements and
the SM predictions corresponds to a p-value of 60%.

{s=13TeV, 139 fb™

ATLAS Preliminary m,, = 125.00 GeV, Iy | <25

o H
9g—H0J0<p] 10

o "
9g—~HO0Jp!'>10
o H
99—H 1J0<p] <60
o "
gg—H 1J60<p] <120
o H
gg—H 10120 <p!' <200
5
Ogg—H =2J0<m, <350,0<p! <60
O H
9g—H=2J 0 <m, <350, 60 <p' <120
Ogg—H=200< m,, <850, 120 <p!! <200
UggﬂH =2Jm >350,0< p: <200
o H
99—H 200 <p’’ <300
o H
99—H 300 <p!' <450
o H
gg—-Hp!! > 450
Caq-Haa =19
Oga-Haq =200 < m, <601l 120 <m <350
o
qq—Hqq =2J60 <m <120
ququq 220350 <m <700,0< p: <200
Ogq+Haq =20 m, >700,0<pH <200
ququq =2Jm >350, p;‘ >200
Cgq—Hiv 0< p:’ <150
OgqHiv p) > 150
i O<p:’ <150
o
Hil p:/ >150
o H
ttH0<p! <60
o "
ttH 60 <p!' <120

o H
1tH 120 <p’' <200
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e An upper limit of ~8x SM prediction on tH production.

Elevnora Ressd

Enigmass

The enigma of mass)

SM

T T ] 1 U ] T T 1 L T 1

ATLAS Preliminary le- Total Stat. = Syst. | SM

Vs =13 TeV, 139 fo’'

H—vy. m = 125.09 GeV Total Stat. Syst.
ag-HO0J0<p! 10 =y 076 ‘ol (+0.26, 1)
ggH 0 pl!>10 Imi 117 02 oas, 1%
9g—~H1J0<p'<60 }—BIEH 0.91 ‘o (s 040, 07
ggﬂH1J60<p:<120 = 118 Tcgésf (+0.37, jrgges)
99~H 1120 <py <200 I—EI—I 0.70 =052 (+ 050, ‘npa
gg—H =220 0<m;; <350, 0 <p! <60 |.—EI—-| 0.47 :1‘-2218 (:1.-1156, T£§85)
gg—~H=2J0<m;;<350,60<pll <120  |—m—] 0.98 + 059 (f_fg, Té)..1123)
ggaH22J0<mJJ<350,120<p;'<200 I—E—-l 0.60 +(§J:78 (+ 0.45, +(§)1147)
gg%HzZJmJJ>350,O<p:_'<200 I._E__| 205 :;);19 (:;).;378’ :;)_;97)
E= 100 S (o )
gg%H300<p:<450 —= 0.20 Tgésg (:?_f;, :;).61;)
gg—H p$>450 : = : 1.64 :'-11_.1465 (:'-11..14€;1’ :'3)01(’37)
———— o 5 (15 5%
qa—~>Haq=2J0<m <6011120 <m <350 I —a— | 3.16 :1;324 (:1.6720' g)-g;)
qq—~Hqq=2J 60<m <120 |—E | 0.76 Tg:: (T(g':(;, -+(§J..2245)
qq—>qu22J350<mJJ<7OO,O<p_"r'<200 F_a%_{ 0.79 ng: (Tg.::’ 1?_5328)
qq—Haq=2Jm  >700,0<p! <200 }.%£.| 1.09 j-(?..;fi Tc?_'zszr }?_}271)
qq—»qu=2JmJJ>350,p:>200 I-l—E—-I 135 Too.f: Té).;; T(;)_'1270)
qq—Hiv O<p:/<150 I =1 I 2 41 j-00..7701 (+ 0.67, Té)..1292)
o = 264 g5 Coor orr)
Hosel<wo - —mm— 108 g7 (g5 050)
Wiz > 150 e 010 1gg (a1> 010)
Ho<s] <60 == 076 370 (3es: o)
ttH 60 < pl! < 120 —= 0.72 +(§J45; (T(?.f:' +(§)01:)
ttH 120 <p' < 200 |—JE—| 1.06 Tg.:j (I;)_'5621, T(;)_'1147)
—— oo 035 (82, 075
" H——— | ess 2SR 5D

R R R T R [ R 0 0 Lo

-4 -2 0 2 4 6 8
ATLAS-CONF-2020-026 ° '
- - -

)

TLA

EXPERIMENI


https://cds.cern.ch/record/2725727/files/ATLAS-CONF-2020-026.pdf

 LAPP Conclusion

e Two complementary approaches exploited to measure the Higgs cross sections in
diphoton decay channel:
e all results in agreement with the SM predictions;
e interpretations provided in the context of EFT theories for fiducial differential

results;
o differential cross-section as a function p/” used to probe the charm Yukawa coupling

of the Higgs boson.

e STXS cross-sections in 27 regions of Higgs boson production phase space;
e STXS: upper limit of ~8x SM prediction on tH production.

e Still room to improve full Run 2 results -> results for both fiducial differential and STXS
measurement coming soon (including EFT and kappa interpretations).
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¢ LAPP H - yy: differential and fiducial cross sections

e The distributions are compared to the state-of-the art theory predlctlons and used for the mterpretatlons

* Comparisons in exclusive and inclusive bins.

Ogq [fb]

10° £ ATLAS Prellmlnary

- —¢— Data, tot. unc. 2\ syst. unc.
:f++yy,f§=131bv,139fb1

L anti k, R =0.4, p,> 30 GeV

I I
gg—H default MC + XH |

N’LO + XH A

N°LO+JVE + XH A
STWZ, BLPTW + XH &

NNLOJET + XH

B-EEN

| XH = VBF+VH-+ttH-+bbH |

Powheg NNLOPS + XH _|
GoSam+Sherpa + XH 3
Sherpa (vepsenco) + XH J
MG5 aMC@NLO + XH ]|

o Agreement is observed between the measured N, 10° £ probability from % 96%=,

distributions and all predictions with precision better [ @
than NLO (N3LO normalisation improves the 10F

agreement).

e Systematic uncertainties having the largest impact

(6%-25%) are the jet energy scale and resolution. 5 Sl
g = 0 =1 =2 3
N'es
ESOIATLASIIP”II | | I\FI | L I “
; . . . . = - reliminary H—yy,{s=13TeV, 139 fb™ -
e The|y,, |distribution is compared to SCETlib+MCFMS, ~ vt N syt une,
. . .o ' S . ]
which provides predictions for |y,,|at NNLO+NNLL ¢ e g9~=H default MO + Xi#.
144 g & gg—H SCETIib+MCFM8 + XH 1
accuracy, derived by applying a resummation of the - VBF sttt |
. : bability from y: 68%-
virtual corrections to the gluon form factor. =~ [ [TFSEde | PIORSRIY oML =21
e The diphoton rapidity distribution is sensitive to the ]
gluon diStrlbUtlon' L X L>>>>:§>§§
. .« 1: .0 oo
e Good agreement is observed over the full rapidity g 150

l‘ange. -§ 1 W

e J NN
0 02 04 06 08 12141618 2 22 24
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¢ LAPP H - yy: ditterential and fiducial cross sections

e The inclusive fiducial cross section times the H — yy branching ratio is
measured to be:

I O T R N DI T IR Source Uncertainty (%)
g o . ' ' . - \ Statistics 6.9
t0fid = 652 + 45 (Stat) + 56 (SYSt) + 03 (theO) fb Signal extraction syst. 7.9
. S A o e A et s e i e st et ogad Photon energy scale & resolution 4.6
Background modelling (spurious signal) 6.4
which is within one standard deviation of the default SM prediction of Correction uctor 26

ile-up modelling .

s . Photon identification efficiency 1.2
63.6 + 3.3 fb (arXiv: 1610.07922). Photon isolation cffieiency 0
. . . . . e Trigger efficienc 0.5
e The uncertainty of the fiducial measurement is equally affected by statistical T modzmng 0.5
and systematic uncertainties; when splitting in bins for the differential oo e S SIEOon o
measurements, the statistical uncertainties dominate. Total 11.0

e The systematics associated to the signal extraction (background modelling ATLAS-CONF-2019-029
and photon energy resolution) are typically larger than those on the
correction factors, except for measurements with Njets > 1 where the impact

of jet energy scale and resolution uncertainties on the correction factor
become equally significant.
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~ ATLAS Preliminary 3 © ATLAS Preliminary 1 T _ I ATLAS Preliminary ]
20.8 i - =0.08E-Unfolding systematic uncertainties ERNY 0.2~ Unfolding systematic uncertainties i
2 07 - ummosn?l _E <1 0.07F [ Photon energy scale = < _ I Photon isolation i
e C?rrectlon fac'tor E I © Photon isolation E 0.15/— J000% @ Photon identification ]
06 R e S|gn.al.extract|on = I © Photon identification e ' - |:| ® Theoretical moFieIIing .
05 [ ] @ Statistics E 771 @ Pile-up modelling = C o gjges—uzlrzn;dellmg 7]
3 - - + -
0.4 = () © Others E 0.1~ 33008 © Others 3
03 4 g E F ]
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¢ LAPP Anomalous Higgs-boson interactions through EFT
ATLAS-CONF-2019-029

jand{c, Jcoefficients is mainly on ggF, giving a large change in the overall cross-section

o The impact of the(,
normalisation; thefc Coefﬁcient also Changes the shape of the Agb]j distribution.
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¢ LAPP Anomalous Higgs-boson interactions through EFT

An effective field theory (EFT) approach can be used to interpret Higgs-boson interactions:
e additional CP+even and CP-odd interactions can change the event rates, the kinematic

properties of the Higgs boson, etc.., from those predicted by the SM.

)
Lprr = Lsu + Z _“‘—@(D)
i,D

e Dimension-6 operators are considered (dim-5 and dim-7 operators excluded -> lepton and

baryon number conservation + dim-8 are neglected-> further suppressed by 1/A?).

e The differential H — yy cross sections are sensitive to operators that affect the nggs-boson
interactions with gauge bosons (5 differential distributions). SILH-‘ D
d(oc X BR)/dx, x = p;y,NetS,pT, iis A(P]] i

* Two different EFT basis have been used:
+ the GLI;Ibgsg of ‘Ebgljlg*gigffectlvg Eagra1an'

+ the { Warsaw basis of the SMEFT Lagrangian.,.
* The contributions to the cross section can be separated into components for the SM, BSM and
SM-BSM interference: o o |Mgpr|® = IMsm|® + [Masl® + 2Re(ME Mas)

+ Cg()g + Cyoy + CHWOHW + CHBOHB

SMEFT Val ral ral Val
L D) CHGOé + CHWOIILIW + CHBOI,'-IB + CHWBOI,’-IWB

+CHGOé + CHWOI,T-IW + CHBOI,'-IB + CHWBOI,LIWB

e Limits on Wilson coefficients are set by building a likelihood function:

L= : exXp (_% (&data - a-pred)T c! (&data - a-pred))

JeoF|Cl

e 0 ,,, and E’pred are k-dimensional vectors from the measured and predicted differential cross sections of the five

analysed observables;

e C=C,, +C

star T Csyst + Gy, 18 the total covariance matrix.
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¢ LAPP Limits on the c-quark Yukawa coupling

Experimental evidence for Higgs boson couplings to the second generation quarks has not

yet been found.

* Indirect approach: use the sensitivity of the Higgs boson p%y spectrum to the Yukawa
couplings of the Higgs boson to the ¢ (and b-> not competitive with the direct observation).

s

ATLAS Simulation Preliminary
-1
Vs=13TeV, 1391b — SM: K, = 1

----ggF, k. =24

- ggF, k. =-19
- CC—o H, k. =24
cC— H, k,=-19

___________

o——

. .20. .

40 60 80 100 120

140

pY [GeV]

e A modification in the coupling strength would impact: S

=, 15[

+ the ggF (gg — H) and quark-initiated production (c¢ - H), = [

affecting both the normalisation and the shape of the p%” wf 0.5
spectrum (impact on the acceptance found to be negligible); E y

+ the branching ratio for the H — yy decay (not used to set ~0.51-

limits). BB

* The differential cross section is used in the range of p.” E 25* |

[0-140] GeV which is the region most sensitive to variations of k.. 2o

e Limits on k. at 95% CL arei—19 < k. < 24 (obs)} shape only.

T T T I T T T T I T T T

ATLAS Preliminary

{s=13TeV, 139 fb"
—— Observed
—— Expected

------ Observed, stat. only
------ Expected, stat. only

95% CL

ATLAS-CONF-2019-029

Iﬁ;nrikfg‘moss éﬂ‘W '

[[[[[[[[[[[[


https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf

CUAPP

H — yy: inclusive cross sections

e goFF and VBF:
+ statistical = systematic uncertainty;
+ largest systematics:
- ggF: background modelling (4.1%),
- VBF: signal modelling (10%).

e Given the large observed correlation between the measurements of WH and ZH cross-sections, a

total cross-section for the WH and ZH production processes is measured: oy ., = 4.53 £ 0.12 fb.

e SM compatibility of 5-POl fit: p-value = 3% (1.9 o deviation).

{s=13TeV, 139 fb™

ATLAS Preliminary 1T T 1 | 1T T 1 | T T 1 | T T 1 | 1T T 1 | T T 1 | T T 1 | 1T T 1
m,, =125.09 GeV, I}/HI<2.51 _ ATLAS Preliminary i Tota o svet |
I > (s =13 TeV, 139 fo” otal |_|Stat. WM Syst [ SM
o _
F 0.8 H—yy, m =125.09 GeV
9 < H Total Stat. Syst.
—0.6 | 0.07
ggF + bbH o} 1.02+0.11 (£0.08,+ > )
Over 0.4
0.2 VBF HEs=H 134+ 0% (20.18,= 27°)
OWH 0 2334 055 0.53 0.13
WH —+— 233= ;5 (= g4 - % 010 )
0.2
5 ZH  —— 0.64= o5 (= 05 +* gop )
ZH 0.4
-0.6 ttH + tH I—E—il 092+ 027 (= % ,= 309
o
top _08 1 1 1 | | I | | | I I | | | I I | | | I | | | I I | | | I I | | | I |
» -2 -1 0 1 2 3 4 5 6
o b z 5 g8 o /oM
5 = S S S ATLAS-CONF-2020-026 + '+
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CLCAPP

H — yy: inclusive cross sections

e goFF and VBF:
+ statistical = systematic uncertainty;
+ largest systematics:

- ggF: background modelling (4.1%),
- VBF: signal modelling (10%).

e Given the large observed correlation between the measurements of WH and ZH cross-sections, a

total cross-section for the WH and ZH production processes is measured: oy ., = 4.53 £ 0.12 fb.

e SM compatibility of 5-POl fit: p-value = 3% (1.9 o deviation).

Enigmass

ggF+ bbH VBF  WH ZH ttH + tH
Uncertainty source Ao [%] Ao %] Aoc[%] Aoc[%] Aoc[%]
Underlying Event and Parton Shower (UEPS) +2.3 +10 < =1 +9.6 +3.5
Modeling of Heavy Flavor Jets in non-tfH Processes < +1 < =+1 < =+1 < =+1 +1.3
Higher-Order QCD Terms (QCD) +1.6 < +1 < +1 +1.9 < +1
Parton Distribution Function and ag Scale (PDF+ag) < +1 +1.1 < +1 +1.9 < +1
Photon Energy Resolution (PER) +2.9 +2.4 +2.0 +1.3 +4.9
Photon Energy Scale (PES) <+l < +1 < =1 +3.4 +2.2
Jet/ Ess +1.6 +5.5 +1.2 +4.0  £3.0
Photon Efficiency +2.5 +2.3 +2.4 +1.4 +2.4
Background Modeling +4.1 +4.7 +2.8 +18 +2.4
Flavor Tagging < +1 < +1 < +1 < +1 < +1
Leptons < +1 < +1 < +1 < +1 < +1
Pileup +1.8 +2.7 +2.1 +3.8 +1.1
Luminosity and Trigger +2.1 +2.1 +2.3 +1.1 +2.3
Higgs Boson Mass < =1 < %1 < =+l +3.7 +1.9
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 LAPP H — yy: STXS cross sections

Trammg Varlables used for the BDTS

iy < s - g v—

The enigma of mass)
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