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Measusemants of Higge boson proparties
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* Various approaches:

Couplings: MggF, MVBF, ... Kg, Ky, ...

STXS:  Oggr*BR(H=YY) cparaton "

Less assumptions

Fiducial xs: O-incleR(H_}YY) ;)nrglgzlcvt?o'gmode \

More direct test of the SM
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H—yy cross sections
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Minimal model dependence in these measurements; (o xB) /o xBg,

ideal setup for combinations of all channels and with

- L L L L
Latest STXS results with 80 fb-1 AT ey e Toal st syt — sw
H-yy, |yH|<2_5 Total ( Stat. Syst. )
ATLAS-CONF-2018-028 |
ggF H=—H 0.97 0% (£0.11 o)
» Simplified Template X-Sections at two stages | .. g con  om em
. truth-level splitting of Higgs
Q Stage-O. production PI’OCCSSCS VH : ——e—— 1.08 “oo ( Toas Loz )
» Stage-1 (reduced): Top R 112 g8 %)
Additional splitting based on Higgs T R R B R I
kinematics and associated particles 0.5 1 1.5 2 2.5 3
[

CMS measurements E . "¢ Data IAITLIAISIPrIeIiImIin;r;/ - .

o) 30:_ -------------- Continuum Background Vs = 13 TeV, 139 fb™ _:

c'?)_ 25: - Total Background m, = 125.09 GeV ]

- T :_ —— Signal + Background All categories _:

ttH measurement with 139 fb-1 B or T wrsmveeasm

ATLAS-CONF-2019-004 g * E

o +0.41 5 L * ]

HitH = 1.38 ~0.36 s 104 =

* 4.90 observation 5 |
C |

1 | 1 | 1 I 1 | 1 | | 1 1 1 1 | 1 | 1 I 1 1 | 1 N
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H—yy cross sections

New results with the full Run-2 data from the LHC, 139 fb-1
ATLAS-CONF-2019-029

e Measurement of fiducial cross sections

No separation of production modes, model-independent measurements allowing
comparison with predictions in the phase space directly accessible by our detector

® integrated:
(0-BR)p—H-yy) = Nsignai / (L-€)

* differential:
d(OBR)/dX ) X. pTW/, yW, Njets, ij1, m]]! Aq)ﬂ
Observables sensitive to new physics, CP-properties but also QCD calculations in the SM

* Interpretations of the differential measurements

* Effective Lagrangian (SILH, Warsaw) with additional CP-odd
and CP-even interactions

® setting limits on charm-Yukawa coupling from shape of pt7v
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The anaIyS|s in anutshell |
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e H—-vyy signal extracted from the continuous background with a mass fit

® Background estimation directly from data using analytical functions

* Background modelling uncertainty 5 5,00F ATLAS Preliminary ¢ Data =
(‘spurious signal’) from fits to high- © Vs =13 TeV, 139 fb” — Fit ]
statistics MC-based background £ 40000, Background =
templates I o00of- Neig = 6550 + 530 =

* Yields unfolded to a fiducial volume o000l E
matching the experimental acceptance - =
10000F =
e Kinematic selections: - my constrained: 125.09 + 0.24 GeV e
2 1500
® ET1>O.35myy ,ET2>O.25myy g 1000
o |nv|<1.37 or 1.52<|nY|<2.37 g o
o Jets: pr>30 GeV, |y|<4.4 (JELrelaisd)) § 500

+ Photon isolation at recon. & particle level

* Unfolding technique:

® Bin-by-bin correction factor from simulation, cfid = Nsig/Nfid =

* Matrix-based unfolding as a check
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Reduced statistical uncertainties

Improved signal efficiency/background rejection for diphotons
e new ptr-dependent identification

Reduced systematic uncertainties thanks to:
e improved isolation efficiency measurements
e improved jet calibration, optimized for Run-2 conditions

uncertainty,
-based templates

* new technique in the estimation of the background modelling
Gaussian Processes (arXiv: 1709.05681), used to smooth the M

-9 1: 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 - -90_6_ | | | ]
© ggE H— 7y, ls=13TeV,1391b", m, = 125.09 GeV 3% [ H-oyy Vs=13TeV,13910", m, = 125.09 GeV .
~_ £ ATLAS Preliminary 1 ~~,05F ATLAS Preliminary _

0.8 = &7Vt .
o) - B Luminosity 1 © - [l Luminosity .
< 0.7 W @ Correction factor = < 0.4 L.} @ Correction factor -

0.6 ML @ Signal extraction = ~ {110 @ Signal extraction N
0.55 [ ] @ Statistics _E 0.33_ [ ] @ Statistics _f
0.4 = N ]
0.3E = % [ e -
0'2; 3 01; —
ol M . 4 " :
OO 50 100 150 200 250 300 35( 0 =0 =1 =2 >3
pl’ [GeV] Nicts
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“Unfolding uncertainties

|

* Experimental, from efficiencies and jet-energy scale/resolution => dominant
* Photon identification and isolation efficiency accurate at the 1% level
* JES/JER is dominant for jet-based observables
* Theoretical, from dependence on the SM assumptions => subdominant

e Parton showering

* Higgs kinematics / production mode

e Dalitz contributions

_-g 0-1 I I | I | I I I I I I I I I l I I I I I I I I I
H— yy, Vs =13TeV, 139 fo’', m,, = 125.09 GeV
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| ATLAS Preliminary
0.2~ Unfolding systematic uncertainties
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~ 00000 © Photon identification
L [ ] ® Theoretical modelling
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* Fiducial xsection times H—yy branching ratio:
Ofd = 65.2 £ 4.5 (stat.) + 5.6 (syst.) + 0.3 (theo.) 1b
SM prediction; 63.6 + 3.3 fb , arXiv: 1610.07922 [hep-ph]

Source Uncertainty (%)
* SM prediction based on calculations  Statistics 6.9
accurate to: Signal extraction syst. 7.9
Photon energy scale & resolution 4.6
* N3LO for ggF Background modelling (spurious signal) 6.4
Correction factor 2.6
* NNLO (approx.) VBF Pile-up modelling 2.0
Photon identification efficiency 1.2
° (N)N LO for VH, ttH and bbH Photon isolation efficiency 1.1
Trigger efficiency 0.5
* Experimental uncertainties dominate:  Theoretical modelling 0.5
. Photon energy scale & resolution 0.1
e photon energy resolution Luminosity 17
Total 11.0

* background modelling
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Differential cross-section vs ptvr and |y»|

S = — ————— -

» High p1v7: sensitive to top-quark mass effects and new physics contributions

* Low-p1rv: sensitive to resummation effects; fine binning used to probe the Higgs-
boson Yukawa coupling to the charm quark

» Rapidity is sensitive to the gluon distribution in the proton

Good agreement observed between data and the predictions
(Default ggF MC: Powheg NNLOPS scaled to N3LO)

= 10 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 — 80 LI | LU | LU | T TT | LU | LU | T TT | LU | LU | LU | LU | LU
> - . Q2 .
o) F ATLAS Preliminary H—yy,Vs=13TeV, 139 fb™ = - ATLAS Preliminary H—yy, Vs=13TeV, 139 fb"
S vy = vy
IS I -¢- Data, tot. unc. 2\ syst. unc. G -¢- Data, tot. unc. ~ \\ Syst. unc.]
el L % - -
:Qn— 1L ! = gg—H default MC + XH | ~, 60K = gg—H default MC + XH -
2 BB NNLOJET @ SCET NNLO @ NLL + XH ] L B gg—H SCETIib+MCFMS8 + XH 1
e ‘ ] _
_8"_ ==+ XH = VBF+VH+ttH+bbH ! ==+ XH = VBF+VH+ttH+bbH
1 40 -
10° I
] 20 _
1072E -
C L
e e I R N
_| 1 T -------.;-'-i-l-l--l-l-l ''''''' ===
'g:)' 2 -g:)‘ 1 g B T T T
= 1.5} =
2 - I I R 0 S S T [
g 1 g 1 L
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Cross-section vs Njets
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* Large systematic uncertainties from jet-energy scale and resolution, 6%-25%
* Comparison for multiple ggF predictions added to the same XH component
* Comparison in bins of exclusive and inclusive jet multiplicity

Good agreement seen with the predictions; N3LO normalization improves agreement

é 10% b ATLAS ﬁreliminary | 1 = gg—Hdefault MC + XH [l Powheg NNLOPS + XH _
2 F ¢ Data, tot. unc. 2\ syst.unc. £ @ NLO+ XH & GoSam+Sherpa + XH -
o F Hsyy, s =13 TeV, 139 ! F B} NeLO+JVE + XH A  Sherpa (vepsenLo) + XH ]
| anti kt R=0.4,p >30 GeV 1 & STWZ, BLPTW + XH - MG5 aMC@NLO + XH ]

) T - NNLOJET + XH = XH = VBF+VH+ttH+bbH
10°F = E

—_
—_ (6) ]
T T T 7T

o
o

Ratio to default pred.
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* Observables with sensitivity to new physics
* p1il: jet leading in pt

* mji (
* Agj=¢i'-@i2, nit>ni2 (

the t
Ie];béing?Pijvgts

the t
Iefc?cging-ep ijvgts

T, mj, Agj

===

|

): sensitivity to VBF in the high mass bin
): sensitivity to CP properties of the Higgs boson

Good agreement observed; no significant excess that would indicate non-SM behaviour

do,, / d,oJ'T1 [fb/GeV]

T T T T I T T T T I T T T
| ATLAS Preliminary

T T I T T T T T T T T I T T T T
H—yy, \s=13TeV, 139 fo™' |
-¢- Data, tot. unc.  \\\ syst. unc.

. gg—H default MC + XH
B 99— H NNLOJET + xH
"4 gg—H SCETIib (STWZ) + XH |

==+ XH = VBF+VH+ttH+bbH
anti k, R =0.4, Njets =0

Ratio to default pred.

P R
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Ratio to default pred.
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| ATLAS Preliminary
[ H—yy, Vs =13 TeV, 139 fb
4 ——+— Data, tot. unc.

T I T T T
B gg—H default MC + XH

N -
N\ syst. unc. - gg—H GoSam+Sherpa + XH |

anti k; R=0.4, p_>30 GeV
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* Dim-6 extension of the SM Lagrangian inthe SILH ~ po. = £o + Z C_i20§6)
— A= !

(H'nggsrg,ﬁge,gt;’,ve) and Warsaw (SMEFT) bases

* Wilson coefficients c¢; quantify the strength of the new interactions (CP-even/odd)
Lglr.IfLH D) EgOg + EyOy + EHW()HW + EHB()HB .Lsfll\e/[EFT D GHGO(; + ZHWO;-IW + EHBO}-IB + EHWBO}—IWB
+ C~g0g + gyOy + EHWOHW + 5HBOHB +5HG5é + 5HW5;1W + 5]{35}13 + GHWB(S]/LIWB
Ei = Civz/l\z
* Fiducial measurements can probe the strength of new interactions

Predictions for the diff. xsections as function of ¢;, from MadGraph (SILH) and SMEFTsim (Warsaw)

=1.8¢

- _ _ o 1 s (T T T T 1T 1T T 1T T T T 1T T T T T T T T T 1T 1]
31 _7;_ATLAS Simulation Preliminary  H — yy, Vs =13 TeV = cg 1.8 ATLAS Simulation Preliminary H — yy, Vs=13 TeV—
_c_>1 6:_ SILH E *S - SMEFT (Interference-only) -
© CF — — - = | = 4 = 4 ]
@4 gF — Ty =Cys = 0.03 ER 1.6 Co=45x10 Cz=-23x10 i
“E —7,=24x10° S - z 4 _7 4]
E T G=2 E - —Cy=-78x10" —T,p=-42x10 -
145 .5 - 10° — 1.4— ]
= c,=-9.0x ] - -
1.3F B = —._, . :
; 2; - 1.2 —
) 15—_'—'——_,___'1_|_= — - — L e
I | S ; S L — 1— —
0 9§ - 0.8F =
0.8:0'\0'@'?'@'00')')'9 P e \.\.O.?\ — - 0.6_ N Y O L 1| | | L 1 | 1] ]
522322223 LULLYL2E R ARG B QR 2R HDBE LAY N NN QNG a0 QR
(@ . o o O o ) (@4
| p." [GeV] Nigs M [GeV] Ag; p’T1 [GeV] pY' [GeV] Nes M [GeV]” Ag; pJT1 [GeV] I 2



| EFT interpretation si

the differential cross-sections

* Procedure to set limits on the Wilson coefficients:

1 | RN N 1 (> S
L= EXpPl—3 (O_data — O-pred)T c! (O_data - O-pred)

Jenkic V2

» C: covariance matrix: Cstat + Csyst + Ctheo Statistical correlation [%]
H — yy, V\s=13TeV, 139 fo! ATLAS Preliminary

100

i1 120850 (2ol 1lol2l2al1]3[aflof12]18l2a]28]2a]2sf16] 1] o]24a]a3] olar]2afee|ofol2z]o]o]o
T 75120 [0 1 2 1 3 2 2 6 10 21 20 24 14 10 3 4 210 23 20 25124 20 9l25 12
[GeV] 5575 | 0 2 1 3 5 4 5 11 20 25 16 10 4 2 o0 o0 olo 8 2 15128 13 6117 12
3065 [3 6 9 11 12 16 18 25 28 19 6 4 1 _1_0 0 oo @25 8|2 7 4|13 13_ 90
. . . weerm |O 4 3 3 5 6 6 8 12 12 10 9 7 7 5 3 3,0 0 |48 34,37 42 20,0 0
s | | |
® Cstat bUllt fr0| Il Statlstlcal Om2) | 1 0 1 2 2 1 1 4 7 9 11 15 9 10 6 7 5, 0 3 21,3 16 8 0
. . AQ).. (@20 [2 2 1 1 0 1 1 4 5 10 12 11 9 12 8 8 6 0 34 20 38 14 10 80
correlations between bins Wiy [ 1 1 4 6 5 5 9 ;w1 s 7 55 & s o_o fashaslee e 0o o'n 1
. 5001500 [2 0 0 O 3 0 2 3 5 7 7 7 5 6 6 7 6 To o 25
Il 170-500 [0 2 2 3 3 4 4 7 10 14 138 18 18 11 9 6 7 0 70
- [GeV] oo [s s s ¢ 6 7 6 10 14 16 15 14 9 s 5 5 31 oG8l fill o 0% 3 3 o2 28_
® Csyst built from s e s e R 7 o' o R
- . g -2 [e | | [2¢] 60
experlmental uncertalntles Njets =1 |2 4 7 9 11 13 15 24 80 29 18 13 8 7 2 2 i 00 0 0 0 0 O _32 28 9
, -0 |29 40 36 34 30 24 19 2 13_5 1 0 2 0_1 0 0 0_ 11 o_'_o _1_0_0'0 0_0_ 1
Of the measured Xsectlons 250350 [0 0 0 0O 0 O O 0 O 0O 0 0 O 0 0 0 0 1 773 7 612 6 5 3lo o 2 16| —150
200250 [0 0 0 0 0 0 0 0O 0 0 0O 0 0 0 0 ) 915 6 714 8 7 310 0 4 23
170200 [0 0 0 0 0 0 0 0 0O 0 0 0 0 0 0 op1 2 7 1015 9 6|5 8 6 5|0 0 3 24
140470 [0 0 0 0 0 0 0O 0 0 O 0 0 0 © 0 0,0 7 1 11,9 11 65 12 10 7,1 2 10 28] 40
H 120140 |0 0o 0o 0 0O O O O O O 0O O 0 0 0 0,2 8 12 11 .9 13 5 7 9 9 7 1 4 14 24 -
® Ctheo bUIlt frOI N 100420 [0_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0'0 13 16 13'14 13 7'9 11 15 94 10 2 18|
h . I . . 80100 [0 0 0 0 0 0 0 0 0 0 o 0o 0o 0o o ol1 18 17 1alss 13 7141 12 11 10l 6 16 29 12
t eoretlca uncertalntles pW 6080 [0 0 0 0 0 0 0 0 0 o 0 0o o o o ols 29 19 12116 14 7114 10 9 12119 25 21 9 | —30
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253 [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 021 7 3 7 405 1 1 676 4 2 2]
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L © VL © BV o vw Ww o T T T T Y4 Qg @ TR Y Ry E S o w T @
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1
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EFT interpretation using differential cross-sections

* 1d and 2d limits on SILH coefficients * 1d limits on SMEFT coefficients
c»04xr1'0_3"|' L L T ] P L
L ATLASPreliminary ~ H -y \s=13Tev ] A e g+ M Observed 68% CL
0'35_ SILH _E SMEFT Interference-only Observed 95% CL
g _Il T T T I T T T I T T T I T T T T T T I T T __ ’&’ =’&/ :O __ |
i " 0.2
" 0.15 ATLAS Preliminary H—y E co=c. =0 ] C, [107] e
01F 8,=2,0, of \ ] Cre 107 i
C ¢, .=C . - — 3|
0.05F 2,2%,20 / \ i / ; Cpw [107] I
: 5y:'5y:0 M :_ _: ~ i
O * _0.2F J0% Observed 68% CL = Cow | HiN
_0_05:_ / _035_ [ ] Observed 95% CL _E C.5 [107] N
E o . E + SM E ~ +2 I
_01__ - Observed 68 /0 CL _04T— 1 1 | 1 1 | 1 1 1 | 1 1 1 1 1 —IX1 0_3 CHB [10 ] | .
- [_] Opserved 95% CL 08 06 -04 02 0 02 & 1109
~0.15F * SM g, e !
_II 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 1 I |||||||||||||| CHWB [1O+1]
~0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 e S ST

P R .
-1.5 -1 -0.5 0 0.5 1 1.5

C
HW Parameter value

Given high-level of compatibility of cross-section measurements with the SM,
setting narrow limits around the SM expectation (¢;=0)

- SILH: X2 improvement compared to last ATLAS results with 36 b/
- SMEFT/Warsaw: First ATLAS results
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| Charm—Yukawa interpreti V

{
|
|
»

e Limit on the kc=Y</YSM modification of the charm coupling with an indirect approach

* Modelling the effect of k. on the shape of the pt7” distribution, assuming:
» Modification on gg—H (from c in the loop) cross section — from RadISH (NNLL+NLO)
* Modification on cc/cg—H cross section — from MadGraph (NLO)

00000
;' — I_ll LI LR L L L B L AL A L L B s
& 271 ATLAS Simulation Preliminary ~
Fe IR p .
;.g Jefl /s =13TeV, 139 fb — SM:k, =1 -
O cggF kp=24 OO
° - : _ b, c
~ 1= i === ggF, k. =-19 - -
2 2 - CT— H, Kk, =24 1]
O 05F - T H, ko=-19
B DT f . ——>—--e
~ - coT T o =
i QR i NE— SR
kel - ] _ s X
— - b, )
_0.5: - %QQQ@@ a7
~ B | L I | | D i N
b 20 20 60 80 100 120 140 //
pf [GeV]
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* Indirect approach using the shape of pr7r (hormalization is profiled)
* Limited by statistical uncertainty

* Big loss of sensitivity by not modelling the effect of kc on the branching ratio,
at the benefit of a simpler model with fewer assumptions

Coeflicient Observed 95% CL limit Expected 95% CL limit

- K, [=19,24] [=15,19]
) ATLAS Preliminary
O] - } Vs=13TeV, 139 fb" - : .
g | gl i = 24 Less stringent than direct H—cc
o K = -19 E searches but still complementary.
E — SM: K. = E +up
S * . + Data i Source 0Ke (_gown )
i Stat. té02.2
- Exp. syst. e
5.5
QCD scale (ggF) =
QCD scale (¢¢ — H) f8:§
s F 0.5
Z 1.5 PDF (ggF) “03
o | PDF (¢c¢ — H & bb — H) +0-3
® 0.5 '
o Parton shower (¢c¢ — H) f(l)'g
0 20 40 60 80 100 120 140 .
p¥ [GeV] Total e
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Summary and conclusions

Preliminary measurements and interpretations with the full Run-2 dataset

Integrated fiducial cross section becomes systematically limited; in
agreement with the SM prediction

Model-independent differential fiducial cross-section measurements still
statistically limited

e Useful comparisons with higher-order QCD calculations
Interpretations in the context on an effective Lagrangian
e Now exploiting CP-sensitive variables, i.e. Agj

* Improved limits with SILH basis compared to previous analyses
thanks to the larger dataset

e First ATLAS limits on the SMEFT/Warsaw basis

Limits on charm Yukawa coupling of the Higgs boson, exploiting only
shape information for minimal model dependence
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) SMEFT - Warsawai

* Terms contributing to the cross section in the dim.6 EF

expansion:

o o [Mgrr|” = [Msml” + [Mas|” + 2Re(MEMae)

For small values of c; the interference term
dominates => O has linear dependence on c;

&

i
A*

i
A2

* Useful feature for interpolating between different values of c;

* Interference term disappears for CP-odd

operators; tiny modification of all observables

except Agj

* Results are provided considering both the
linear and the quadratic terms

» Useful for considerations of the EF
validity regarding its dim.6 truncation

|. Nomidis, LPNHE-Paris
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