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Introduction

Tools: yy channel (0.2% BR but good efficiency/resolution); 36 fb-1 of 13 TeV dataé
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Introduction

Aim: measure pp = H — X properties

Tools: yy channel (0.2% BR but good efficiency/resolution); 36 fb-1 of 13 TeV data

gMethod: range of most < least model dependent measurements

&
Couplings: 9g9H u VBF kg, Ky etc
g, Ny
Direct test . Slmgllﬂf_d Terrg_:rl)a;tse . g prod (kinematic region) » BR(H-yy) | Model
of SM ross Sections (STXS) independence
Fiducial: o (final-state phase space, differential)
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https://arxiv.org/abs/1802.04146
http://inspirehep.net/record/1654582

1. Couplings

prod 0} prod
prod — BR < O_prod IyHl < 2.5 ILL K /{V,t
'LL prod |yH| <25 7 ggH ? ggH ) ga’YaFavang Y
O-SM 0-|?JH| < 2.5 ILL I{}g

III|IIIIIIIIIIIIII|IIII|IIII|IIII|IIII|II
— ATLAS
-1 —e—i ——
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2. Simplified Template Cross Sections (STXS)

{s=13 TeV, 36.1 fb™
ATLAS H— vy, mH=125.09 GeV

ggH (0jet) - —— S—
ggH (1 jet, ptH <60 GeV) o
ggH (1 jet, 60 < ptH < 120 GeV) . '
ggH (1 jet, 120 < ptH < 200 GeV) |- .
ggH (= 2jet) .
qq — Hqgqg (pri <200 GeV) .
ggH + qq — Hqq (BSM-like) -
VH (leptonic) | .
top | .
I T I N SR

05 0 05 1 15 2 25
Measured o x B normalized to SM
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3. Fiducial & Differential Cross Sections

FIdUCIal / differential x-sections defined by final state objects
. corrected for detector effects with minimum SM assumptions

T L L DL L [T ™7 T
T T T T T T ¢ ATLAS H—yy, s=13TeV, 36.11b" | £ | ATLAS B gg—H default MC + XH |
Diphoton fiducial 22}‘:/3@ 13 TeV. 361 fb 3 0 § - + Data, tot. unc. Syst. unc. §:= L H—yy, Vs =13 TeV, 36.1fb" [A gg—H Sherpa (versento) + XH]
iphoton fiducia ,Vs= , 36. - . ey E | |
—+— Data, tot. unc. Syst. unc. - ﬁ;‘ - j gg—H default MC + XH ° + Data, tot. unc. Syst. unc. & 99—H GoSam+Sherpa + XH |
- | §s | = B HRes 2.3 + XH 1& 6 S5l XH = VBF+VH+ttH+bbH
VBF-enhanced ¥ e [ & ! B RadisH+NNLOJET + XH y Anti k; R =0.4, p_ > 30 GeV
a 10 V—$—— 55 XH = VBF+VH+ttHibbH
1 ‘ B o, - ]
Nlepton 21 = ‘ 95% C.L ] % -
_______ J 2 ‘I
Il ‘ my, = 125.09 GeV 102F . u = N A
. =129 !:“:_;—o—_ o . B : " o e
High £7'*° ) 95% C.L B Lo+ XH ; : : , e,
‘ [l g9—H default MC + XH - T ——— [ Lt
1 ‘ B Powheg NNLOPS + XH | § - S T I I B ! | | | |
T T T T T T T T T T T T T T T T
ttH-enhanced B 95% C.L Bl XH = VBF+VH+itH+bbH ! >_<+ 27 <
B E :
i s e
| 1 Lol ] | Lol | | I B | g 15 LT %;%—TT | O L_“__%_ § — — Eg 4= —_ 447— . E
2x10™ 1 2 3456 10 20 30 102 § - .
Gfid [fb] f < o L Ll . [ R P SR B E . . .
20 50 100 150 200 250 300 35 £ "3 ) 1 0 1 > 3
o p? [GeV] o ACDH
5 dedicated fiducial 18 differential observables
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4. Effective Field Theory

-1
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1 1 1 1
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Provide correlations to allow after-the-fact Scan of CP-even/odd HVYV
constraint of models using multiple distributions Wilson coefficients

Stephen Menary University of Manchester 8 Moriond Electroweak 10th-17th March 2018



Summary

© H = yy measurements targeting a range of model dependence and SM sensitivity

Couplings: model dependent measurement of SM rates / kappas

STXS: SM x-sections in simplified fiducial phase spaces, easily combined

Fiducial x-sections: minimal model dependence, differential, re-interpretable

EFT interpretation: limits on dimension 6 effective vertex strengths

. Stat dominated, no clear deviations from the SM

arX|v 1802.04146 i i Inspire/1654582 i 36 fb’ @ 13 TeV
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Background
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Uncertainties

+ 0.12 (stat.)
— O 99 +0.15 +0.06 ( exp ) Diphoton VBF-enhanced
H=Y.77 014 =0.03 Fit (stat.) 17% 22%
Fit (syst.) 6% 9%

+0.07 Photon efficiency

—0.05 (theo.) Jet energy scale/resolution 8.9%
Uncertainty Group S Pileup
Theory (QCD) 0.041 Theoretical modeling 4.5%
Theory (B(H — yvy)) 0.028 Luminosity
Theory (PDF+as) 0.021 Total 18% 26%
Theory (UE/PS) 0.026
Luminosity 0.031
Experimental (yield) 0.017
Experimental (migrations) 0.015
Mass resolution 0.029 - . -
Mass scale 0.006 E.g. fiducial cross sections
Background shape 0.027

E.g. signal strengths
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Signal Model

Cu+ oo
ot high |

E; ; Double-sided Crystal Ball function Signal peak mOde"ed by DSCB

o 15— :

3 :

T o'k Gaussian core with power-law tails

5

= 10-2;— { McB , OcB , Oiow , Niow , Ohigh , Nhigh } are determined per-
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Couplings & STXS Categories

Category

Selection

tH lep Ofwd
tH lep 1fwd

ttH lep
ttH had BDT1
ttH had BDT2
ttH had BDT3
ttH had BDT4

tH had 4j1b
tH had 4j2b

Niep = 1 NN <3, Njp_qo 2 1, N9 = 0 (pf" > 25GeV)

jets jets

Niep = 1, NEM < 4, Njp_gg > 1, N9 > 1 (pf' > 25 GeV)

jets jets =
Niep 2 1, N&SU 2 2, Njy_igg 2 1, Zgg veto (P! > 25GeV)
Niep = 0. Niets 2 3, Np_ygg > 1, BDTygg > 0.92
Niep = 0, Niets = 3, Njp_taq > 1,0.83 < BDTypy < 0.92
Niep = 0, Niets > 3, Np—iag > 1,0.79 < BDTyy < 0.83
Niep = 0. Njets 2 3, Np—a 2 1,0.52 < BDTyyy < 0.79
Nigp =0, N&M =4, Njy_po = 1 (P > 25GeV)

jets

Nlep = 0’ N'Cen = 47 Nb—[ag > 2 (l"Te[ > 25 GeV)

jets

VH dilep
VH lep High

VH lep Low
VH MET High
VH MET Low

Niep = 2, 70GeV < myg < 110GeV
miss

Niep = 1 [Mey = 89GeV| > 5GeV, p T > 150 GeV
miss

Niep = 1. mey —89GeV| > 5GeV, pr™™T < 150GeV. IS significance > 1
150 GeV < EP™ < 250 GeV, Ef'™ significance > 9 or Ef™* > 250 GeV
80GeV < Ef™ < 150 GeV, Efr""sS significance > 8

jet BSM
VH had tight
VH had loose
VBEF tight, high ijj
VBF loose, high p 2
VBEF tight, low p 2
VBF loose, low pr. Z

pt.j1 > 200 GeV
60 GeV < mj; < 120GeV, BDTyy > 0.78
60 GeV < mjj < 120GeV, 0.35 < BDTyy < 0.78

|An;;1 > 2. 1y = 0501 + 1)l < 5, pH*7 > 25 GeV, BDTygg > 0.47

|Anj | > 2. [y = 0.5(n5 +n)l < 5. leff > 25GeV, —0.32 < BDTypf < 0.47

|An;j1 > 2, Iy = 0.5(n51 + 1) < 5, pL{{ <25GeV, BDTygf > 0.87
|An;1 > 2, Iy = 0.5(n51 +m)| < 5, pp?? < 25GeV, 0.26 < BDTygE < 0.87

geH 2] BSM
ggH 2J High
ggH 2J Med
ggH 2] Low
ggH 1] BSM
geH 1] High
ggH 1J Med
ggH 1J Low
¢H 0J Fwd
gH 0J Cen

Increasing cross section

ag

ug

> 2 jets, pg > 200 GeV

> 2 jets, pr” € [120,200] GeV

> 2 jets, p%, € [60, 120] GeV

> 2 jets, 1));7[ € [0,60] GeV

=1 jet, p;y > 200 GeV

1 jet, p;y € [120,200] GeV

1 jet, p;[y € [60, 120] GeV

= 1 jet, py € [0,60] GeV

= 0 jets, one photon with || > 0.95
= 0 jets, two photons with || < 0.95

WogH verl WH [lizH ogzH it JllobH T tHg  tHW
ATLAS Simulation

tH lep Ofwd

tH lep 1fwd
ttHlep

ttHhad BDT1

ttH had BDT2

ttH had BDT3

ttH had BDT4

tH had 4j1b

tH had 4j2b
VHdilep

VH lep HIGH

VH lep LOW

VH MET HIGH
VH METLOW
et BSM

VHhad tight
VHhad loose
VBF tight, high p}*
VBFloose, high p;*
VBF tight, low p;*
VBF loose, low p;"
ggH 2J BSM
ggH2J HIGH
ggH 2J MED
ggH2J LOW
ggH 1J BSM
ggH 1J HIGH
ggH 1J MED
ggH 1J LOW
ggHOJ FWD
ggH 0J CEN

H—=yy, m, = 125.09 GeV

0 01 02 03 04 05 06 07 08 09 1
Fraction of Signal Process / Category

Stephen Menary University of Manchester 14

Moriond Electroweak 10th-17th March 2018



Presented STXS Regions

Process Measurement region

Particle-level stage-1 region

ggH + 8¢ —» Z(— qq)H  O-jet
1-jet, pT < 60 GeV
1-jet, 60 < pT < 120 GeV
-Jet 120 < p < 200 GeV
> 1-jet, pf > 200 GeV

> 2-jet, p < 200 GeVor VBF-like

O-jet

1-jet, pT < 60 GeV

1-jet, 60 < pT < 120 GeV
1-jet, 170 < p < 200 GeV
1-jet, p > 200 GeV

> 2-jet, pH > 200 GeV

> 2-jet, py < 60 GeV

> 2-jet, 60 <pT < 120 GeV
> 2-jet, 120 < p < 200 GeV
VBF-like, p'/7 < 25 GeV
VBF-like, p. 7 > 25 GeV

qq’ — Hqq’ (VBF+ VH) pl <200 GeV

P, > 200 GeV

P < 200 GeV, VBF-like, p”/ < 25 GeV
P} < 200 GeV, VBF-like, p;*/ > 25 GeV
,4 200 GeV, VH-like

Py < 200 GeV, Rest

pr > 200 GeV

VH (leptonic decays) VH leptonic

qq — ZH, p-l- < IiOGeV
gq — ZH, 150 < pZ < 250 GeV, 0-jet
qq — ZH, ISO < pr <250 GeV, = I-jet
q3 — ZH, p% > 250 GeV
qq — WH, pFrV < HOGeV
qq — WH, 150 < p¥ < 250 GeV, 0-jet
qq — WH, 150 < pr <250GeV, = l-jet
qG — WH, p¥¥ > 250 GeV
g8 — ZH, p5 < 150 GeV
gg — ZH, p} > 150 GeV, 0-jet
gg — ZH, p% > 150 GeV, > 1-jet

Top-associated production  top

ttH
W-associated tH(tHW)
t-channel tH(tHq)

bbH merged w/ ggH

bbH

Stephen Menary

University of Manchester 15
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Couplings: VH and tH+ttH signal strengths

Measurement | Exp. Zy | Obs. Zj Measurement | Observed | Exp. Limit | Exp. Limit | +20 | +lo | —lo | =20
MVBF 260 49 o (i = 1) (i = 0)
MVH 1.40 0.8 0 HUVH 2.3 2.5 1.5 3.1 2.2 1.1 0.8
Hrop 1.80 1.0 0 Hiop 1.7 2.3 1.2 2.6 1.8 | 09 | 0.6
[ [ I [ [ | [ [ | [ [ | [ [ | I [ I [ [
ATLAS g===2 Expected (ui=0) +10

4 2 mmE Expected (u=0) + 2 o
Vs=13Tev,36.1fb" 77 SM Expected (u=1)

H —yy, m,=125.09 GeV — Observed

L
LVH

L
L top

I|Illllllll

2.5 3 3.5
Upper Limits

llllllll

0 0.5
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Couplings: prod mode o (¥HI<25) x BR(H—=yy)

Process Result Uncertainty SM prediction
(lym| < 2.5) Total  Stat.  Exp. Theo.
0.10 0.09 0.04 0.04) 0.005
OVBF/OggH 020 Iy 006 002 —0.02 0.078%5 006
0.06 0.06 0.01 0.01 0.004
OVH/OggH 0.04 505 S0 Zoor oo 0.045%4005
0.010 0.010  +0.002  +0.002 0.001
Ttop/ TgeH 0.009 500 (Zo.o00 Zoor o001 ) 0.012%5:602
OVBE/ T ggH
=254 =251 (stat.) F03 (exp.) 103 (theo.)
SM 0 9
(ovBE/Ogen)
OVH/OgeH
= 0.9 110 = 0.9 32 (stat.) *93 (exp.) F0-7 (theo.)
SM -1. O 0.9
(ovi/oggn)
Ttop/ TggH +0 +0.8 +0.2 +0.2
s = 07 X 7 = 0.7 77 (stat.) Ty (exp.) 2y (theo.)
(0' top /o ggH)

Stephen Menary University of Manchester

17

Moriond Electroweak 10th-17th March 2018



Couplings: ratios

Table 9: Best-fit values and uncertainties of the production-mode cross sections times branching ratio. The SM
predictions [7] with their uncertainties are shown for each production process. Uncertainties smaller than 0.05

are displayed as 0.0.
Process Result Uncertainty [fb] SM prediction
(lygl| < 2.5) [fb]  Total  Stat. Exp. Theo. [fb]
+19 +7 +5 +5
ogH 2t (s8] +3 10273
VBF 16 % (=4 w2 )| s0x02
VH 3 4 (1‘;‘ +1 0 4.5+0.2
+0.9 +0.8  +0.2 +0.2
Top 0.7 I3 (—0.7 0.1 ~0.0 1.3£0.1
E 40_ T T T I T T T | T T T I T T T T T T | T T T | T T T | ]
= - ATLAS o Bestfit =
= 35F Vs=13TeV,36.1 fb" —68% CL
? C H—yy,my;=12509 GeV ==95% CL 1
E 30:_ ........................ _I_ SM _:
N ;
X p5F . =
5 .
© 20 =
15 —
o e T . E
5__I | | I | | 1 | | | | | | 1 | l | | | | | | | | | | | I__
20 40 60 80 100 120 140 160

O X B(H = vy) [f]
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Couplings: kappa framework

> _l I T T T I T T T I T T T I T T T l T T T l T i
“ 180 AmLas & Bestfit
C Vs=13TeV,36.1 " - 68% CL
1 6__ H —yy.m,=125.09 GeV ---95% CL 7
L * SM -
1 4 :_ :o ’~.. _:
1.2 -
1= =
0.8 =
_I I | 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 ]
0.6 0.4 0.6 0.8 1 1.2 1.4
Kg
Uncertainty
Parameter | Result
Total  Stat.  Exp. Theo.
0.04
Kgy 0.90 +0.10 \10.09 +0.04 03
0.31 0.28 0.10 0.04
Ay g 1.41 1r0.26 io.23 i0.07 J—ro.os
+0.4 +0.4 +0.1
/1{{(‘) 0.8 —0.6 \—0.6 iO. 1 —0.0

<

rrrrryrrrr [y rrr¥1T |y rrrrr |7 rrrv7rrr 1717 rrrrv171rnrT
[ [ [ [ [ [ [

T T 1] ]
1.8 amas & Bestfit
160 Vs=13Tev.36.1 —68% CL T

" E H-—yy.m,=12509GeV ----95% CL 1
1.4 * SM =
12 ;_ Ky =Ky =Kz —;

1 Kp =K =Ky =K =Ky o 3
0.8F -
0.6 =
0.4 (o =
0.2 —
0:I 1 l | I I | I | I I | I | I I | I | I T | I | I I | I | I I | I | I .| I 11 l:

06 07 08 09 1 11 12 13 14
Ky
ATLAS (s=13TeV,36.11b L
H — vy, m, = 125.00 GeV Observed Expected

s Z

4;_ 20

3

of-

13 K

:I 11 1 1 i L1 1 1 I | I i 11 1 1 I 1 o l'"l 1 1 I L1 1 1 i L1 1 |
15 1 05 0 0.5 1 15 2
Mg
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Fiducial Cross Sections

Table 14: Summary of the particle-level definitions of the five fiducial integrated regions described in the text.
is0,0.2

The photon isolation py. is defined analogously to the reconstructed-level track isolation as the transverse
momentum of the system of charged particles within AR < 0.2 of the photon.
Objects Definition
Photons In| < 1.37 or 1.52 < || < 2.37, pflfo’o'z/p¥ < 0.05
Jets anti-k,, R=0.4, pr>30GeV, |y|<44
Leptons, £ eor u, pr> 15GeV, |n| < 2.47 for e (excluding 1.37 < |p| < 1.52) and || < 2.7 for u
Fiducial region Definition

Diphoton fiducial N, > 2, pX' > 0.35m,, =43.8 GeV, p} > 0.25m,, = 31.3 GeV
VBF-enhanced Diphoton fiducial, N; > 2 with p.';:’[ > 25 GeV,
m;; > 400 GV, |Ay;;| > 2.8. |Ad,, ;| > 2.6
Niepton > 1 Diphoton fiducial, Ng > 1
High ETS Diphoton fiducial, Ef™* > 80 GeV, pY” > 80 GeV
tt H-enhanced Diphoton fiducial, (N; > 4, Np_jers > 1) or (Nj > 3, Np_jers > 1.N¢ > 1)

Fiducial region Measured cross section SM prediction

Diphoton fiducial 55 + 9 (stat.) £ 4 (exp.) = 0.1 (theo.) fb 64 +21b [N3LO + XH|
VBEF-enhanced 3.7 +£0.8(stat.) £ 0.5 (exp.) £ 0.2(theo.)fb 2.3 +0.1fb  [default MC + XH|
Niepton = 1 < 1.39tb 95% CL 0.57 £0.03 fb  |default MC + XH |
High E%“SS < 1.00 b 95% CL 0.30 £ 0.02 fb  |default MC + XH |
tt H-enhanced < 1.27 tb 95% CL 0.55+0.06 fb [default MC + XH|]
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Fiducial Cross Sections

ooz Il

B oo+ tHjb tHW

MggH [ VvBF wH [z
ATLAS Simulation

H-yy, m,=12509 GeV

Diphoton fiducial

VBF-enhanced

N 1

>
lepton =

High ET*°

ttH-enhanced

0O 01 02 03 04 05 06 07 08 09 1

Fraction of Signal Process / Fiducial Region (after reconstruction)
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Differential Cross Sections

+ more in paper
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Differential Cross Sections

+ more in paper
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EFT: overview
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EFT. effect on shape
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EFT: 1D scans

Coeflicient Observed 95% CL limit Expected 95% CL limit
Cy [-0.8,0.1] x 107 U [-4.6,-3.8] x 107* [-0.4,0.5]x 107* U [-4.9,—4.1] x 107*
&y [-1.0,0.9] x 1074 [-1.4,1.3]x 107
CHW [-5.7,5.1] x 1072 [-5.0,5.0] x 1072
Caw [-0.16,0.16] [-0.14,0.14]
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Signal strengths from elsewhere
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Signal strengths from elsewhere
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Signal strengths from elsewhere
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