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Infroduction

O Higgs to diphoton searches in ATLAS
% Jul. 2012: yy + ZZ->4] + WW-Ivlv combined discovery of resonance
% Dec. 2012: observation of the resonance in yy channel alone (60)
% Today: moving from discovery mode to Higgs properties measurements

-2 Improve sensitivity to exclusive production modes (vector boson
fusion, associate production with a vector boson)

O yy analysis update

H-> yy analysis of full 7 + 8 TeV datasets (4.8 + 20.7 fb!)
Quantification of the significance of the excess

Measurement of the signal strength and best fitted mass
Measure of the couplings using new categorization of the events

e

%

e

%

J J
0.0 0.0

Results based on the note presented @ Moriond EW 2013*

Measurements of the properties of the Higgs-like boson in the two photon decay channel with the
ATLAS detector using 25 fb—1 of proton-proton collision data
ATLAS-CONF-2013-012
*unless stated otherwise
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Event selection, signal/bkg models

O Event selection S & Selected dphoton sample E

(based on 20.7 fo-1 of 8 TeV and 48 fo-1 of 7TeV data) 8 | ™. oo Big it orser ohnome)

See E. Petit's talk & = L A ey =

< Diphoton trigger so00f— e fow S/B ~ 3%

< Tight photons identification criteria —g :zﬁ: :j:b B

% Isolatfion requirements R , , - E

% prleading y) > 40 GeV, p;(subleading g = E

v) > 30 GeV T +.+++ H.g/\w,_* r

% M_>100GeVand M_<160GeV £ I

M e GevT
O Mass reconstruction 118893 (23788).H>vy candidatas @ 8 TeV (7 TeV)

% Calorimetric energies

% Direction measurement (See E. Petit’s
talk)

O Signal M, resolution
% Fit of MC Higgs signal
% Crystal Ball + Gaussian =

0.01

o /0 Background modelling
o.osE amas /\ ‘:‘ FIT Of MYY Iﬂ dOTO

H—=yy
my, =120 GeV

o0 < Functional form
motivated by MC studies

FWHM = 4.1 GeV
0.03 =

1N dNldm,, /0.5 GeV

doseos-sbais]
00 105 110 115 120 125 130 135 140
m,, [GeV]
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Data composition

O Photon isolation

04/04/13

Phys.Lett. B705 (2011) 452-470

% S ATLAS Preliminary
, 1200~ ata 2011\s = 7 Te t = 1.08
Y - e ot [l oo
& w %, 1000: ]
%U g oso- [\ g
600 {
/ 4005 s %
O Sample composition o0 e E
° ° 0 ! ! h
- extracted using data driven T
techniques :
Component Fraction = A A B B
& B ATLAS Preliminary —e_yy+DYData 1
YY > 2500 Data 2012 —a— yjData 7
.. = f++ 2 s=8TeV, [Ldt=13.0fb" . jjData ]
Nl g % —— Stat. uncertainty
. 3% i 20001~ ++++++ 2 Total uncertainty |
JJ o - * LY ]
- * -
Drell-Yann <1% 1500F “”m«*“ E
: : s et 1000 Mooy, E
- Gives confidence on bkg rejection . ot e ;
- Helps the understanding of I Testeeas
background shapes . : -"-'-'-..........._..._,_ . -
I¢A"A.'A;A~‘;AsA‘A/A'A\A‘A\HA\A‘A,A,A.A{A.A'A.A AvArAaAlAA L AvAA1A .:._A 1.. e .....I
‘POO 110 120 130 140 150 160

For prompt photons and jets
measurements, see M. Schwoerer’s talk

ATLAS-CONF-2012-168 m, [GeV]
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Exclusive categories

<+ Different event topologies ATLAS  Preliminary
-~ Sensitive to different Higgs production & "V [photon seleaton]

. . . /]
mechanisms -2 Higgs couplings & - ]
gg Fusion tt Fusion 000 One-lepton

W(— W)H, Z(— I)H
ET'®* significance
W(— W)H, Z(— vv)H
Low-mass two-jet
W(= jhH, Z(—= jh)H

High-mass two-jet <

“

9 th-n-conversion

87% -

enriched —|

VBF enriched —

5%

ggF enriched |

< Different M, signal resolution categories L
- Improve expected significance

ggF

Both unconverted: 2 unconverted: >=1 converted:
ny2) ny2)
« Central
o : 1.75 I Resolution:
At least one converted: 1.3 Good
« Central 0.75 0.75 s
* Transition
gL 0.75 n(yl) 0.75 1.3 1.75. n(yh)

Detector resolution
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VH enriched categories

_ Higgs-Strahlung O Associate production with a
q W, Z
vector boson [W or Z]

3 E e ommm 3
<+ Boosted Higgs - vy s T B o
% Leptonic (lepton/MET) or gt +;’:‘;§,’}'LZ:":ZO_W
hadronic (jj) decay of the jﬁﬁﬂ% ot
vector boson J TEEE s
1§ INEND SV
Sy Tt
Selection o el
di-photon selection 3 St e E
Electron pT > 15 GeV _ |
or muon pT > 10 GeV One-lepton ’ oo fiaemn 3
| W(= MH, Z(~ I)H w
MET Significance > 5 | sk | \ 1
O, =0.67[G eVI/Z] \/E 1 ‘ ET'®* significance @ ;“ ES + ‘l et \
(W= WH, Z(=w)H]| T
M(jj) in [60,110] GeV R N E
P.t> 70 GeV ‘ Low-mass two-jet T e T
U ) ) 3 A
| W(_> ”)H’ Z(_> ”)H E:amv,fmc:zo.ﬂn E
I E b =
Vs 8 TeV I T A 7 0.
Category o¢p( GeV) Observed N Ny Ng/Nyg 2 j% } L { { l } HE
Low-mass two-jet  1.62 21 30 21 014 & wa T*"T*"l"}'wﬂlﬂ T
ET" significance 1.74 8 1.1 4 0.24 £ N ‘ ‘ L3
One-lepton 1.75 19 2.6 12 020 L T
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VBF enriched categories

O Vector boson fusion topology
% No colour exchange at the vertex
- Suppressed central jet activity
% Forward jets — central photons
* Boosted Higgs =2 yy

- Discrimination wrt to background and other

A, Higgs , signals
P ' decay © '
product
4 Higgs | < 8 variables: P{', A®(yy-jj), jets |m|. n gap between

: the jets, dijet mass, n* =
E : photon)
' 8 discriminating variables chosen

X to train Boosted Decision Trees (BDT)
n Signal: Vector Boson Fusion MC
Background:

* ywyMC

* reversed isolation sidebands gj + |

nlyy-(j1+j2)/2] | AR™"(jet/
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VBF enriched categories - definition (2/3)

O Two caiegorles based on multivariate analysis response

::>: 0.251 Data2012(5|debands) =
§ E _+— H_),Y,Y E vy E S O 25—_| T T | LI | LI | LI | LI LI | LI | LI | LI | T T I_—
2 0.25— 3 vi+iv +ii E = =L ATLAS Preliminary VBF (m =125 GeV) .
g 0150 ATLAS Preliminary c - {s=8TeV, f Ldt = 20.7 fb” EXR 99F (m, =125 GeV) -
g o1k \E=8Tev,det=2o.7fb" 3 ; 0_2_— C vy +yi+iy +ii E _
@ - ] (0] - — N _
§ 005t -% C H=yy ()] .9 ]
w : £ - D4 - -
§ 08H] : : ~ B (o) / i
704 06 04 0% 0 02 04 06 08 1 % B — 7 ]
\ BDT Response gJ 0.1 - _
L B i
YI*) Bkg Yy PKQ 0.05F %
O BDT discriminant: 0708 -06 04 02 0 02 04 0B 08 1
X8 VBF/bkg Sepdrdﬁon BDT Response
< VBF/ggF separation
v :
Category Signal (%VBF) VBE enriche { High-mass two-jet <@
. VBF
Tight 7.3 (76%) |

Loose 4.8 (564%)
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VBF enriched categories

Loose high mass 2-jet Tight high mass 2-jet

H—yy Loose high-mass two-jet

+ s=8TeV, f Ldt = 20.7 fo'
Sl

20
—¢

> > =
D =
O] 60 8 40 H—yy Tight high-mass two-jet 3
< L] Data 2012 3
< Data 2012 -]

N =
» 50 g:ﬂcngroung model B eV (MG ; 35 Background model =
g ......... iggs boson m_ = 126.8 GeV (MC) 2 0] SM Higgs boson m , = 126.8 GeV (MC) —
= 40 ATLAS Preliminary o o5 ATLAS Preliminary 3
| |

30 20 _f

fs=8TeV, f Ldt=20.7 fo"
_." ‘\‘ p—

%

Events - Fit
|IIII|HL:£LEIIII|IIII|I IIII|IIII TITT IIII|IIII|IIII|III
———
.
| o
o

Events - Fit
=0 OANON DN O)m_OA_I\;
.
—e—
.
e
F—eo—
ey .
—e— |’ +
—i—
—eo—
i
—o
——
o]
I e A R TP

o
o

HOT e e e
Vs 8 TeV
Category ocp(GeV) Observed Ng Ng Ng/Np
Loose High-mass two-jet 1.71 40 4.8 28 0.17
Tight High-mass two-jet 1.64 24 7.3 13 0.57

Favorable S/B

9




SUATLAS
A EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC

Event display of a VBF H>yy candidate @ s=8TeV.
M,, = 126.9 GeV.
M) = 1.67 TeV

An(jj) = 5.62
A ¢ (gg-ji) = 2.90.
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Processes along categories

O The remaining events [ggF enriched] are classified lusing the

9 P-n-conversion categories

— mggF  mVBF WH ®mZH mttH

_ATLAS Preliminary (simulation) H— vy
Inclusive I 1

Unconv. central low p
Unconv. central high P,

Unconv. rest low p
Unconv. rest high p o
Conv. central low p_,
Conwv. central high P
Conv. rest low [
Conv. rest high P

Conv. transition
Loose high-mass two-jet
Tight high-mass two-jet
Low-mass two-jet

miss

E; " significance
One-lepton

0 10 20 30 40 50 60 70 80 90 100
signal composition (%)

14 categories for 8 TeV data

9 th-n-conversion
ggF enriched
ggF

2 — T T I T T T T I T T T T I T I T T T T l T T T T :
m‘” 7= Dec 2012 analysis 68% CL 2011-2012 —
a 65 ------- Dec 2012 analysis 95% CL Ldt=48f" \s=7TeV ]
X E Current method 68% CL J-Ldt =207 fb'1, {s=8TeV ]
< B Current method 95% CL e
+ - -
w - ]
S 4 Q =
=. - oo 3
3 P, S
2F 7 Q, 3
C H O .
o 5 o"\ o } 7
1= s % -
- . } 3
0 . 'o"a -]
- ATLAS Preliminary Y E
"' simulation A=
_2 - PR SR SN A SN T T T Y SO SN SN SN N TN T SO M N P B .
-2 -1 0 1 2 3 4
uggF+ttH X B/BSM

Sensitive improvement from
from revisited exclusive VH/
VBF categories

11



O. Davignon (LPNHE) - Higgs to 2 photons in ATLAS - LHC France 2013 04/04/13

Systematic uncertainties

O All the uncertainties, except luminosity, are taken as fully correlated between 7
and 8 teV. 7 TeV systematics are unchanged wrt latest result*, except luminosity
uncertainty which has been updated (now *1.8%) * ATLAS-CONF-2012-091
O Main uncertainty on signal yield (8 TeV)

Source of uncertainty Level
Theory (PDF, scale, o) ~12% (average)
(up to ~50% for 2-jet categories)
Photon ID 2.4%
Background model ~3% (average)
Luminosity 3.6%

O Main uncertainties on assignment to categories — migration (8 TeV)

Source of uncertainty Level
Higgs pT modelling Up to ~10%
JES Up to ~20%
Underlying event Up to ~13%

Material in front of calo ~4%

12
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Mass and signal strength

O Excess wrt background-only 57 10— vsomea p (cegom)” " ATLAS Prefiminary
hypothesis: § 10 ET Bt Bl o E
. £ ]

< Observed 7.40| (expected 4.1 for SM Higgs) e T ——— é‘é

A T —— —_f——— ——"30

104%# \\\\\ . ______——"” :£40

O Best mass fit: 10°F Datazojt fs=7TeV  g;
sl Ldt=4.8 fb B

* M, =126.8+0.2(stat.) £ 0.7 (syst.) GeV | O°C 6o
. i ; 101k Data 2012, Vs =8 TeV _

s Systematics dominated — highly o2 det=20.7 ' F70
dominated by photon energy scale e 1

110 115 120 125 130 135 140 145 150
(60 for inclusive analysis) — miicev]

O Signal strength u = N, ./Ng S e A AS v
33— : systematics re Imlnary
@M, =126.8 GeV__ T o e
=1 65 + 0.24 (stat.)” 018 (syst.) i E
2 -
2.30 from SM Higgs + bkg hypothesis sl E
. . . . . 1;_ 68 GL (=7 Tev, [ Lat=4.8 1o é
O Fiducial cross-section (inclusive/8TeV): | — ¢ oo [ 2071
% O = + R B T RNNNET T AN TR TR
» ozg XBR= 56.21125fb
[in phase-space: | n |<2.37, E,;™> 40 GeV and E, ,™> 30 GeV] my, [GeV]

13
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Signal stfrengths by processes

n Fif 3 Signql sfrengfhs E| LI : T T 17 | LI | T T 17 T T 17 | LI |E
R | : I | u —TOta| 1
MVH - I E T T L St t .
C : — olal. ]
 my =187 (stat)’ 0 (syst.) - =
- s g —Syst.
. ro8 +0s e T H1y E
“ uygr =177 55 (stat) 7o (syst.) F E
: : fLdt=4.81fb", /s =7 TeV
, 1.6° + o 3 (stat.) + o 3 ;. Hograr £ fLdt=20.7 b, !/§=8TeV_;
.0 — o H -
* Hogrtn = 5 (stat) " g5 (syst.) S Breiiminary
(HH XS too small for ., to be kept separated) n _ | H'"Hl | fn?j%fggsi Gev _
O The measure of signal strengths has been improved  © 1 2 3 4 N |5t ﬂ?
O At constant luminosity, the improvement is: 'gnal streng
« 32% on the measure of w,z: 7| w.r.t. previous g CETTT Tobeeredn® | ey
% 277 on the measure of uyy " pec. Council result T 10E . Expocted " -
O Slight excess in VBF p,
(20@ M, = 126.8 GeV) _ \/ :
T v . 3 det=2o.7fb
% Significance almost fully driven by - Dot 2011, {27 Tov £
i i i L R Ldteasfo! 3
MVA-based high-mass 2-jet categories  aTLas preiminary J z

m,, [GeV]
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Conclusions

We performed the SM Higgs to diphoton search in ATLAS using
the full 7 + 8 TeV datasets (4.8 + 20.7 fb-')

A 7.4 excess is observed
The best fitted massis M, = 126.8 0.2 (stat.) £ 0.7 (syst.) GeV

The measured signal strengh is: u = 1.65 * 0.24 (stat.) %%g (syst.)

The signal sireng’rh for the different processes were measured:
% myy =187 (stat) " 23 (syst)

* WU = sta sys
TV 17*08(11)*05( t.)

* Uggrettn = 1 6+ o 5 (stat) . : O > > (syst.)

Combined measures of resonance’s mass/couplings:
= N. Lorenzo-Martinez’s talk

Resonance’s spin/CP properties:
- C. Maiani’s talk

15
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Thank you for your attention!
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o(pp — H+X) [pb]
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Higgs production and decay

10‘ E | ' ! ' ' E% 8 1: T L B s B B B B B e b B S ML 3 §
: \s=8Tev 3 2 m i
s —§ o L Jg
10 EL % I 13
a . S 10z g9 -
| i m — ]
e a cC__ i
: : 10-25_ _E
107 = - .
102 10°
E L . o . 100 120 140 160 180 200
80 100 200 300 400 1000
M, [GeV]
. y y M, [GeV] H
In the mass range M,=[100,160] GeV, the total cross-
it BN -- H c c c :
section for Higgs production is ~10 pb
: . " > ~87% of gluon fusion

- ~7% of vector boson fusion
> ~6% of associated VH/tt production

(b) VBF

- H H->vyy cross section: ~ 50 fb

«)VH )i

18
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Background composition (1/2)

L'L’ sample, leading candidate

O 2x2D (ABCD) method
< Extension of the 2D method to the
diphoton candidates case
< Preselect events passing the loose 5
section | A °
% Determining number of true leading | Y U T T IO |
photons N .59 from N,/N; = N./N, £ [Gev]
sig
T v e TN
< If leading photon is in region A, apply C .
same method to subleading photon,
giving the number of true diphoton i .
pairs:
\ - sig 5| A B’
o € (a N8 +(a-1)N"® ) :
T (a-De+af R R
EF(GeV]

19
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Background composition (2/2)

O Isolation template fit method S T ATiAS Preimivary
© 1200 Data 20115 = 7TeVJLdt = 1.08fb°
- C E;'>40 GeV, E/* > 25'GeV
% 1000F
*» 2D simultaneous fit of the isolation S S SR
L Y R SRR

distributions for leading and
subleading photons

- 4 fractions of (yyAi/iv/ii)

- Different component PDFs

600F

400f

IIIIIIIIIIIIIIIIIIIIIIIrIII

200f

5 0 5 10 15 20

. . 25
- Correlations taken into account E% [GeV]
Phys.Le’r’r B705 (2011) 452-470

% PDFs shapes extracted from control > 1000~ L ATLAs Preliminay
L] [ ] (] (5 - -
regions (reversing photon ID variables) - F o o Gov, £ Touf Lot - ”’”’_—
or MC g YN\ :
2 6o [/ \\ ]
% Gives compatible results with 2x2D 400~ .
o0 ) LN -
Ol =

5 0 5 10 15 20

ISO G V
Phys.Lett. B705 (2011) 452- 490

5
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PTt eta-conv categories

Both unconverted:

2 unconverted:

>=1 converted:

04/04/13

n(y2) 4 n(y2) 4
» Central
* RESl 175 I Resolution:
At least one converted: 1.3 Good
° Centra! 0.75 0.75 PObf
* Transition -
e F 0.75 n(y!) 0.75 1.31.75 n(yl)
= L e L
'g 1 || vv+viBackground —gl
g ) Bkgd. Uncertainty N
p _&J 10 = — —4— 99F m =125 GeV _gl
T = L eee.. —f— VBFVHsttH m =125 GeV
ATLAS-CONF-2011-161 g " e
> - e ]
[0 10-35_ "0,00 =
o - (5= 7TeV e e ! +”+m++$
. ~ =] 7 f —
Diphoton momentum 8 10k ATLAS Simulation f% ) +f+j++ﬁm 4
perpendicular to the § [ Preliminary / % Y ﬁi’
. o8 L L LG 2 . L
0 50 100 150 200 250 _ 300
thrust axis 0 oS

ATLAS-CONF-2012-091
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VBF enriched categories — MVA details

O New: multivariate analysis (MVA) of the VBF Higgs = yy searches

O Strategy:
% Focus on the 2-jet signature and topology of the VBF Higgs events
- Jets: reconstructed with anti-kT algorithm
% Primary goal — build a MVA response which discriminates Higgs signal versus
non-resonant backgrounds (increase S/B)
» Good side effect — discrimination against resonant ggF Higgs*
(increase VBF purity)

*QCD Higgs production with kinematics close to non-resonant backgrounds
% Build exp. significance optimized event categories based on the MVA
response

O MVA training:
% 8 discriminating vars.: P!, An(jj). M(jj). n(jet1), n(jet2), A®(yy-jj). AR™"(g.j), n*
% Signal: PYTHIA VBF Higgs @ 125 GeV
% Background: MC Sherpa yy + reversed isolation sidebands to emulate yj + jy +

jj reducible backgrounds
ireducible and reducible backgrounds weighted to fractions measured in data

% Boosted Decision Tree (BDT)

22
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MVA checks

. 0.25F LSRR
O Check the MVA response consistency: 5 S —— Dm0z Goebans)
0.2p B vi+iv +ii 3

ATLAS Preliminary
s=8TeV, f Ldt=20.7 b

< Data sidebands (excluding M, signall

region) vs. background sample (as used
in the training)

- Reasonable agreement
[NB: the background yield is not extracted 3
from the training sample but from data] T e A 000504 08 08 1
BDT Response

Data/Bkg Events (normalized to unity)
o
T

% High statistics Z>e*e- z " ATLAS Proliminary T 2o ee +jeis-NC ]
. . S Lo Z— ee + jets - Data -
Data vs. Simulation S ok 5=8Te, fLat=1301 _
- Reasonable agreement =
[Z->ee is background-like] E i
&
% 14T \H\:;“w 1 1 1
I | i o ST e e e
g o9 L

P R R B R R T B BRI R
-1 -08 -06 -04 -02 O 02 04 06 0.8
BDT Response

23
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Categorization summary

\s 8 TeV
Category ocp(GeV) ~Observed  Ns Np  Ns/Np>
Unconv. central, low pry 1.50 911 466 881  0.05
Unconv. central, high pr, 1.40 49 7.1 44 0.16
Unconv. rest, low pr; 1.74 4611 97.1 4347 0.02
Unconv. rest, high pr, 1.69 292 144 247 0.06

Comv cental lowp 168 722 28 s oos 1N O M window
Conv. central, high pr; 1.54 39 4.6 31 0.15 HPN
2.01 4865 88.0 4657 0.02 COHTO Nl ng 90%

Conv. rest, low pry

Conv. rest, high p 1.87 276 129 266 0.5 .
i 36.1 2499  0.01 of the SlgﬂCﬂ

Conv. transition 2.52 2554
Loose High-mass two-jet 1.71 40 4.8 28 0.17
Tight High-mass two-jet 1.64 24 7.3 13 0.57
Low-mass two-jet 1.62 21 3.0 21 0.14
ET'sS significance 1.74 8 1.1 4 0.24
One-lepton 1.75 19 2.6 12 0.20
Inclusive 1.77 14025 3555 13280 0.03

118893 (23788) H>yy candidates @ 8 TeV (7 TeV)

O S/B ratio changes along categories
O Resolution is different along categories
- Gives better expected significance than inclusive analysis
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Background modelling

04/04/13

Category Parametrisation Uncertainty [Ney]
\Vs=T7TeV +[s=8TeV
Inclusive 4th order pol. 7.3 12.0
Unconverted central, low pr;  Exp. of 2nd order pol. 2.1 4.6
Unconverted central, high pyy  Exponential 0.2 0.8
Unconverted rest, low pr; 4th order pol. 2.2 11.4
Unconverted rest, high pr, Exponential 0.5 2.0
Converted central, low pry Exp. of 2nd order pol. 1.6 2.4
Converted central, high pry Exponential 0.3 0.8
Converted rest, low pry 4th order pol. 4.6 8.0
Converted rest, high py Exponential 0.5 1.1
Converted transition Exp. of 2nd order pol. 3.2 9.1
Loose high-mass two-jet Exponential 0.4 1.1
Tight high-mass two-jet Exponential - 0.3
Low-mass two-jet Exponential - 0.6
EXSS significance Exponential - 0.1
One-lepton Exponential - 0.3

25
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Signal and background modeling

O Signal modeling
% Higgs natural width small along studied mass range (~100 MeV)

% Dominated by detector resolution

—~ Fit on MC of the M, resolution using a Crystal Ball + Gaussian model
- Resolution is almost pileup independent

o©
—
N

ATLAS-CONF-2011-1 61

D | ATLAS Prelminary | .

O L (Simulation) — Fit

g 0.1~ =
\> - gg— H—yy, mH=120 GeV _+_ W= 6

£ 0.08- +6<us<9 .
Z C <4+ 9<us=<12

z 0.06-

O Background modeling Pio 2 114 116 T8 120 125 124 EREN
< Background is extracted in each category by fitting the M,, spectra
% The fitting function is determined on high statistics background MC

% The functional form is chosen as to minimize the corresponding
systematic uncertainty

26
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Systematics (signal yields)

Systematic uncertainties Value(%) Constraint
Luminosity +3.6
Trigger +0.5

Photon Identification +2.4 Log-normal
Isolation +1.0
Photon Energy Scale +0.25

Branching ratio +5.9% — +2.1% (my = 110 - 150 GeV) Asymmetric

Log-normal

Scale ggF: flzé VBF: ;88% WH: 02 Asymmetric

ZH: *7Q ttH: 753 Log-normal

PDF+a; ggF: ig:g VBF: jg:?, WH: +3.5 Asymmetric

ZH: +3.6 ttH: +£7.8 Log-normal

Theory cross section on ggF  Tight high-mass two-jet: +48 Log-normal

Loose high-mass two-jet:  +28
Low-mass two-jet: 30

04/04/13
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Systematics (migrations 1/2)
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Systematic uncertainties Category Value(%) Constraint
Underlying Event Tight high-mass two-jet ggF: +8.8 VBF: £2.0 VH, ttH: +8.8 Log-normal
Loose high-mass two-jet  ggF: £12.8 VBF: £3.3 VH, ttH: +12.8
Low-mass two-jet ggF: 12 VBF: £3.9  VH, ttH: =12
Jet Energy Scale Low pry ggF: -0.1 VBF: ~1.0 Others: -0.1 Gaussian
High ppy ggF: -0.7 VBF: -1.3 Others: +0.4
Tight high-mass two-jet ggF: +11.8 VBF: +6.7  Others: +20.2
Loose high-mass two-jet  ggF: +10.7 VBF: +4.0  Others: +5.7
Low-mass two-jet ggF: +4.7 VBF: +2.6 Others: 1.4
E.']'.‘"‘-“signiﬁcance ggF: 0.0 VBEF: 0.0 Others: 0.0
one-lepton ggF: 0.0 VBE: 0.0 Others: -0.1
Jet Energy Resolution Low pry ggF: 0.0 VBEF: 0.2 Others: 0.0 Gaussian
High pn, ggF: -0.2 VBF: 0.2 Others: 0.6
Tight high-mass two-jet ggF: 3.8 VBF: -1.3 Others: 7.0
Loose high-mass two-jet ggF: 3.4 VBF: -0.7 Others: 1.2
Low-mass two-jet ggF: 0.5 VBF: 3.4 Others: -1.3
E.'l'.“-“-“signiﬁcance ggF: 0.0 VBE: 0.0 Others: 0.0
one-lepton ggF: -0.9 VBF: -0.5 Others: -0.1
n* modelling Tight high-mass two-jet: +7.6 Gaussian
Loose high-mass two-jet: +6.2
Dijet angular modelling Tight high-mass two-jet: +12.1 Gaussian

Loose high-mass two-jet: +8.5
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Systematics (migrations 2/2)

Higgs pr Low pp: +1.3 Gaussian
High p: =10.2
Tight high-mass two-jet: ~10.4
Loose high-mass two-jet: —8.5
Low-mass two-jet: ~12.5
ETsssignificance: —2.0
one-lepton : —4.0

Material Mismodelling Unconv: =4.0 Conv: +3.5 Gaussian
JVF Loose High-mass two-jet ggF: ~1.2 VBF: -0.3 Others: ~1.2 Gaussian
Low-mass two-jet ggF: =2.3 VBF: -2.4 Others: 2.3

E:’l‘.liss E.‘l‘.““signiﬁcance geF: +66.4  VBF: +30.7 VH, ttH: +1.2 Gaussian

e reco and identification one-lepton: < 1 Gaussian
e Escale and resolution one-lepton: < 1 Gaussian
u reco, ID resolution one-lepton: < 1 Gaussian
u spectrometer resolution one-lepton: 0 Gaussian
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Signal strength [V,t and by category]
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Fiducial cross-section

Fiducial cross-section

Ns extracted from signal + background fit on the inclusive M., spectrum
Uncertaintfies are statistical + systematics (mass resolution, background

model
) Nsignal

€° Lint

O, BR=

Luminosity uncertainty +/- 3.6%
g. acceptance/reconstruction efficiency factors

=0, BR=562%12.5 fb
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