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Introduction

® Higgs boson (H) production in proton-proton collisions:

» Predominant production gluon-gluon fusion (87%) and VBF (6.8)
» W,Z associated production (4%) and tt H/bb H (<I%)

ggF VBF

® Experimentally challenging final states

» In association with additional jets, same final state of many processes

» forward jets with large rapidity gap, small rate
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Introduction
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2. Experimental setup




Experimental Setup

----------

25m \

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker
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3. Physics objects definition

and selection criteria.




Object selection

® Electrons (e).

» Clustering of calorimeter energy deposits with
associated ID track.

» Er > 7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm
of “loose or tight quality” or

® Muons (u).

» Combined track fit of Inner Detector and
Muon Spectrometer hits,

» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm
of “loose or medium quality”

® Jets ().

» Energy deposit grouping with infra-red safe
algorithm:

» pT > 20 GeVand |n| <4.5
4+ Clustering with anti-kt, R—=0.4
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Reconstruction and selection

Object selection

® Electrons (e).

» Clustering of calorimeter energy deposits
with associated ID track.

Efficiency

» Er > 7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm

of “loose or tight quality”

® Muons (u).

» Combined track fit of Inner Detector and
Muon Spectrometer hits,

» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm
of “loose or medium quality”

® Jets ().

» Energy deposit grouping with infra-red safe
algorithm:

» pr > 30 GeV and |n| <4.5
4+ Clustering with anti-kt, R—=0.4
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Object selection Reconstruction and selection

® Electrons (e). g Mg _———————— T

g 1:_ATLAS Preliminary Vs =13 TeV E

» Clustering of calorimeter energy deposits S 09§ %ﬁ#**—F 7

with associated ID track. i fI :

0.8~ 7

. - 06 <l<1.37 ]

» Er > 7 GeV, |n| <2.47 and |zo sin(V)| < 0.5 mm o7k convertedy

Of “IOOSG or tight Clua“t)’” 0-62_ —i— —=— Electron extrapolation (36.1fb'1)_§

0.5F —s— Matrix method (37.1fb™) =

= —— Z — Iy (36.1fb™) E

® MUOnS (IU) 04F o . - ]
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» Combined track fit of Inner Detector and E; [GeV]

Muon Spectrometer hits,
» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm

of “loose or medium quality”

® Photons ().

» Clustering of calorimeter energy deposits.

» Identified with rectangular cuts on shower shapes.




Object selection Reconstruction and selection

® Electrons (e).

» Clustering of calorimeter energy deposits
with associated ID track.

» Er > 7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm

of “loose or tight quality”

® Muons (u).

» Combined track fit of Inner Detector and
Muon Spectrometer hits,

» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm
of “loose or medium quality”

® Jets ().

» Energy deposit grouping with infra-red safe
algorithm:

» pr > 30 GeV and |n| <4.5
4+ Clustering with anti-kt, R—=0.4
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Object selection Reconstruction and selection
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» Clustering of calorimeter energy deposits
with associated ID track.
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Muon Spectrometer hits,
» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm
of “loose or medium quality”

® Missing transverse energy ([fmiss),

» Inferred from momentum imbalance




Reconstruction and selection

® //*— 40 (£= y,e) selection:
» Isolated leptons with: p1(£) > 20 GeV, |5 GeV 10 GeV and 5 (7) GeV

} Leading Pair: Pair Closest to mz’ > 60 _I T | 'TTT | T T | I'TTT | 'TTT | 'TTT | T TT | T T | T I_
. . () i ® Data -
» Vertex refit: X2 cut at 99.5% signal efficiency © [ ATLAS I Signat (m 125Gev) -
. . . LO 50 - H— ZZ* — 4l - Background ZZ* —]
» Final state photon emission recovered N T g Tev, 361 B cokoround Zsets, 6V, VWV ]
_'(2 B 7/ Uncertainty i
o 401 .
Final state  Signal (125 GeV)  Expected Observed Lﬁ i ]
4u 20.6 £ 1.7 38.5+2.1 38 30 . N
2e2u 146 +1.1 275+14 34 - i
2u2e 11.2+1.0 20.8 +1.3 26 - i
4e 11.1+1.1 20.3+1.3 24 20_— .
Total 575 107 £ 6 122 - i
10 =
110 GeV < mue < 130 GeV 0 ) :
® Bacl q . . 80 90 100110120 130 140 150 160 170
acC (gI’OU N eSt| mat|0n mZISR-corrected [GeV]

|. ZZ" production in 42 (dominant) 3. Hadrons misidentified as leptons:

» From qg annihilation and gg » Ztjets tt  and WZ production

fusion (subdominant
( ) » Extrapolation to signal region making

2.244, WZZ and WWZ (small). use of simulation

Based on simulation . Based on data Aori 18




Reconstruction and selection

® Diphoton event selection

» At least two photon with Et> 25 GeV
» Highest Et pair forms candidate.

» Vertex identification with Neural Network

4+ Vertex within 0.3 mm for 79% of ggH S F 4opaa ' ATLAS -
events. g 600 -..... Background (s =13 TeV, 36.1 fo"

% [ — Signal + Background m,=125.09 GeV ]

2 5o~ — Signal In(1+S/B) weighted sum —

2 R .

400— —

® Background estimation o E
200[— -

» Entirely estimated from data 100f— .
» Prompt photons: maximum likelihood fit  , E | .
to myy spectrum 3 2F =

< 10F =

» Jets misidentified as photons: from £ G :
control sample b T4 E
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Reconstruction and selection

WW*— 890y

® [WW*— ewuv selection

» Two isolated leptons p1(£) > 22 GeV and
pt(£) > 15 GeV

» Eqmiss > 20 GeV
® Signal-to-background discriminants

» Trasnverse mass (mT) for ggF production
and Boosted Decision Tree (BDT) for VBF
production

® Background estimation

|. Non resonant WW production
2.tt production

3.Drell-Yan: Z— 1ttt

4. Hadrons misidentified as leptons:
» WHjets tt and WZ production

< b 70
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4. Mass Measurement




Run | status Mass measurement
® ATLAS run | precision on my of 0.33%

» combined measurement from H—yy and H— Z7*—48.

Channel Mass measurement [GeV]

H — vy 125.98 + 0.42 (stat) + 0.28 (syst) = 125.98 + 0.50
H—7Z7"—4¢ | 124.51 £ 0.52 (stat) + 0.06 (syst) = 124.51 = 0.52
Combined 125.36 £ 0.37 (stat) + 0.18 (syst) = 125.36 + 0.41

» For both channels dominated by statistical uncertainty

< [T R A L R IR RN R

ol ofe . . £ r ATLAS —— Combined yy+ N

® Compatibility within 2.0 O N [ a7 To fLat =45 10" g

- Vs=8TeV [Ldt= 20.3 fb — H77" 4 ]

» p-value of about 0.05. 5 v W o g o ystemees -
43— ------------------------------------------------------------------------ —320

® Aim in improving significantly on dmu 3¢ E

21— -

» Expect |.7 times more candidates, - .
1— NN\ —1o

with 36 fb-! at /s=13 TeV )

123 1235 124 1245 125 1255 126 126.5 127 127.5
m, [GeV]
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Uncertainties MENE R EEN ==

® For YY and 44, signal is narrow resonant peak above a background continuum

» Allows for precise Higgs boson mass measurement
» Minimise the model dependency.

® Ingredients for optimal measurement of Higgs boson mass:

» Detector performance driven measurement

U(m4€,vv)
vVIN — Ny

5mH ~

(I) Statistical precision precision depends upon:

» resolution of the reconstructed final state,
» number of signal events.

(Il) Systematic uncertainty from understanding of detector performance:

» energy and momentum scale,
» resolution uncertainty.

=) G. Barone 20 April-18



Muon pT resolution Mass measurement

® | ocal misalignments and second order effects:

» Charge dependent sagitta bias, with net effect of worsening
resolution

» In-situ correction based on Z— UM data, recovers up to 5% in
resolution.

® Momentum scale understood down to the per mille level

» Precision down to 0.5 per mille for |n|<I1.0

; : LI | 1T 177 I T 17T .l I .I LI ] LI l L | LI l L ] LI L [ LI |: 92.2 - - - ' I T T —

8 925 ATLAS Preliminary +-Data — % o ATLAS Prellmlr_11ary 4 () 4 u() Uncorr. 3

= — {s=13TeV, 33.3fb" —MC = o) 13 TeV, 33.3 fb () #u(s) Uncorr. =

2 =5 = % 91.80.8 rad < o(u**) <1.6 rad -

S 92—Z-pp Syst. uncert. (S =

— ’ N 91.6 Syst. uncert. _

MNSE = 91.4 =0 =

01 PR, oo 91.2 —o=3

— = 91 -

90.5— 3 90.8— —0— -

— _] — — l—+ - __"_ _D-E

90— 7 90.6 =" o= =

— - 90.4— -

1.005 = I I I I ! I I I l = = } } 1 I ! —

o f . o 1.005Fo— E
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,’(ulead)
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Muon pT resolution Mass measurement

® Resolution muon channels (4, 2e2u and 4y.) crucial for my uncertainty:

» bigger signal yield because of larger acceptance.
» Excellent momentum resolution of about 1% Z scale.
® Simulated momenta calibrated to J /¢ and Z samples in data

» for residual mis modelling of Eloss in calorimeters, alighment precision etc.
» Uncertainty of about 10%

6
x10
> 2fF T T 1. T | — T 1 ! =T
= T Attt 2 - ATLAS Preliminary <4 Data a
8 *E" ATLAS Preliminary +-Data = © - Vs=13TeV, 36.1 fb —MC .
= g 5=13TeV, 333 10" —MC = 2 152m Syst. uncert.  —
© — Zopp Syst. uncert. ,§ - -
3 — ] T B .
= - 1= -
25 — - ’
2: —E 0.5:— —:
= ™ - -
1.5 -~ - - il
] 4 % & 4 | & & 4 — O, | | | T
o 1.1F =
= Qo 't
s =
a s =
Q 0.9F E
0 X X N 2 1 N N 2 N 1 N N N N 1 N N N N ]
80 85 90 95 100
m,, [GeV]
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Et(elY) resolution Mass measurement
® Good energy calibration necessary for increased precision on mn

» Two step approach: i) material energy loss and ii) global calorimetric scale from data

® Jotal scale uncertainty of at 40 GeV at the per-mille level.

» 2 per mille central and 10 per mille forward.

3
>12OOX—L1Q'|"'|"'|"'|"' AL B L B B
S 0.02:| T T | L | L | L | L | L | L | L | L | T T I_ 8 : ATLA Preliminary +Ca|ibrated data :
:_ DCaIibration uncertainty ATLAS Pre“mlnary __ g 1000__ {s=13 TeV, 36.1 fo — Corrected MC T
0.015 _ = - Z—see Scale factor uncert. -
- -® J/yy—ee measurement . 2 B .
L _ c - |
0.01F + 4‘ - g 800~ .
0.005 + = 600 -
) = 400/ -
: Sy ; : :
-0.005—¢ = 200 ~
-0.01= E S T S D Y =
- . 1.15 E
L - @) E =
-0.015 — = 1.050% o 0, . E
- Vg =13 TeV, 07 fb-1 ] (\6 1;_ ................................ ﬂ"""'—.—-.—_._w—.—..._._-._-.- ....................... ieee. =
-0 02_| ol v b b b s v v v by g 7 © 0955— Raas g
' 2 15 -1 -05 0 05 1 15 2 2 o9k
ne P N B T R S E N S N S
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H—Z77—48 strategy Mass measurement
® Three-prong approach to reduce uncertainty at analysis level:

(i) 14% from m); constraint to mz with kinematic fit.

(i) 2.4% from per-event likelihood.
» Per lepton energy response as a function of kinematics of event
(i) 6.3 % from kinematic discriminant selecting signal and background events

» Boosted Decision Tree on p1(4£), y(4£) and log(|Atn|2/| Azz+|?)

® Expected statistical uncertainty of 340 MeV.

L I B B L ]
oo ATLAS Preliminary -e-Data =

>
(D)
» Validation on Z—40 decays < 22 _ | ]
< 20F Vs=13TeV, 36.1fb" — Fit =
» Template fit as cross check method £ o Zod E
g) C
2 E
Category | myz in simulation [GeV] | mz in data [GeV] —
4 91.1979-41 91.4670-42 ;
1.02 1.08
4e 91.19+1-02 91.75+1.08 E
1.11 1.62
22 91.18+1-11 91.3171:62 =
0.90 0.91 ]
2e2 91.19+9-% 92.49*0-0) _
Combined 91.19%033 91.62+0:33 T

m,, [GeV]
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H—77—48 results Mass measurement
® Final estimate from 4x4 simultaneous un-binned fit

» Four kinematic categories and four final states

20

> 60— 77T 7
® Systematic uncertainty of 50 MeV G | ATLAS Preliminary > P2 :
< 50 Vs=13TeV, 36.1 fbo — Fit -
- . - - H->ZZ"— 41 Background
Systematic effect Uncertainty on m%IZ [MeV] % .
Muon momentum scale 40 o 40 N
Electron energy scale 20 H i
Background modelling 10 30 a
Simulation statistics 8 ]

» Energy (20 MeV) and momentum (40 MeV)

scale dominate

| | | | | | | | | | | | | | | | | | | | | | | +| :
0 115 120 125 130 135
m,, [GeV]

® Result:

( m%Z = 124.88 + 0.37 (stat) + 0.05 (syst) GeV )

» 25% improved precision with respect to Run | ATLAS Combination.
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Mass measurement

® //— v updated result at Run Il

» Analytical function in kinematic and detector categories.

» Reduction of uncertainty through categorisation of events as a function of
resolution and signal significance.

® Expected statistical uncertainty of 0.25 GeV and 0.33 GeV systematic
uncertainty

( mzy = 125.11 £ 0.21 (stat) + 0.36 (syst) GeV )

> L I B R
& 700 —e— Data ATLAS Preliminary  —
TT T T [T T T T [ T T T T [T T T T[T T T T[T 7107 AL IS N L L g, '"_"' giagcnkaglriuBn;jCkground vg =13 TeV, 36.1 fb—1 E
ATLAS Preliminary | \s=13 TeV, 36.1 fb' g " — signal My =125.11 GeV
- H ! _| N oo In(1+ s/b) weighted sum ]
-7y = E
BB —® 7
- : —] 400 —
BE ® o)~ e —f
EE : ® 200 —f
- i ] 100
CC *—
uc i :
uu + =}
caoa gl b b b b b s b v Ly a g g . . . . .
_5 _4 _3 _2 _1 O 1 2 3 4 5 N 110 120 130 140 150 160
m,, [GeV]
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H—vy Mass measurement

® //— v updated result at Run Il

» Analytical function in kinematic and detector categories.

» Reduction of uncertainty through categorisation of events as a function of
resolution and signal significance.

® Expected statistical uncertainty of 0.25 GeV and 0.33 GeV systematic
uncertainty

( mzy = 125.11 £ 0.21 (stat) + 0.36 (syst) GeV )

> L I A R L R A AL

Source Systematic uncertainty on mg [MeV] § e [B):::?(ground ATlv-gAj 3P Tr:\l/irgiin? frt¥1 E
LAr cell non-linearity +200 fif g Cq— 2:322: Rectaroune M = 1_2,5'” GeV _;
LAr layer calibration +190 N 500 n(t+ sbjweightedsum 3
Non-ID material +120 400 E
Lateral shower shape +110 ]
ID material +110 1 E
Conversion reconstruction +50 200 —
Z — ee calibration +50 100
Background model +50
Primary vertex effect on mass scale +40 g
Resolution T g
Signal model +20 2

2

N 110 120 130 140 150 160
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Combination with H—~yy

® Combination with my%Zz*

Mass measurement

» Precision comparable to ATLAS + CMS LHC Run | combination

» Measurement precision of 2 per mille.

( my = 124.98 + 0.19 (stat) + 0.21 (syst) GeV )

28

I I I I I I I I I I I I I I I I I I
ATLAS Preliminary
Syst.
(5= 13 TeV. 36.1 fb" —e— Total Stat. [ 1 Sy
Total  Stat. Syst.
I
LHC Run 1 - 125.09 £ 0.24 (+0.21+0.11) GeV
H—ZZ*—41 —— 124.88 + 0.37 ( £ 0.37 £ 0.05) GeV
H—yy . —125.11+ 0.42 (£ 0.21+ 0.36) GeV
Combined l ? — 124.98 + 0.28 ( £ 0.19 = 0.21) GeV
1 I 1 1 I 1 1 I 1 1 I 1 1 I 1 1 I 1
124 124.5 125 125.5 126 126.5
m,, [GeV]
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Mass measurement

Comparison with CMS
® Updated my measurement with Run-2 data.
» With 42 channel alone.

® Strategy of “3D” fit:

» Leading lepton pair constrained to mz (-8%);

Similar to ATLAS

» Matrix element discriminant for background rejection (-3.2%) Per-event

» Propagation of per-lepton tracking and ECAL uncertainties to mse (8%)} resolution

® Result

» Expectation of + 0.23 (stat) £ 0.08 (sys) GeV.
4+ p-value of uncertainty of 0.03

EnH — 12526 + 0.20 (stat.) + 0.08(sys.) Ge\/')

» Resolution is better than for ATLAS
+ expected from solenoidal magnetic field.

» Muon momentum scale uncertainty on lepton
modelling ~1.6 times higher than ATLAS

Events / 2 GeV

prediction
in ATLAS

CMS 35.9 b (13 TeV)

40

30

20

10

e Data

[] H(125) .
[ aq—2Z,Zy*
B 9927, Zy*
B Z+X i

| untagged category

¥

0O 80 90 100 110 120 130 140 150 160 170
m,, (GeV)
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Comparison with CMS Mass measurement
® Updated my measurement with Run-2 data.
» With 42 channel alone.

® Strategy of “3D” fit:

» Leading lepton pair constrained to mz (-8%); Similar to ATLAS
» Matrix element discriminant for background rejection (-3.2%) Per-event
» Propagation of per-lepton tracking and ECAL uncertainties to mse (8%)} resolution
prediction
® Result in ATLAS
CMS 35.9 fb! (13 TeV)
» Expectation of + 0.23 (stat) £ 0.08 (sys) GeV. 2 °F\\ . e
+ p-value of uncertainty of 0.03 o 7C
A

__ 1 ] Kin
L ) ass D bkg

, D'mass: Dl (stat. only)

EnH — 12526 + 0.20 (stat.) + 0.08(sys.) Ge\/')

» Resolution is better than for ATLAS :
+ expected from solenoidal magnetic field. 3r

» Muon momentum scale uncertainty on lepton : ]
modelling ~1.6 times higher than ATLAS L N\ /A E

O 1 1 1 1 | 1 1 1 1 L
124.5 125 125.5 126

) G. Barone 30 CMS Collaboration, arXiv:1706.0993 MH (G




5. Differential cross section measurements
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Differential cross section

Inclusive cross section

® At Run |l sufficient statistics for constraining differential measurements

® Inclusive (fiducial) cross sections from all diboson channels

® Measurements dominated by statistical uncertainty

Channel Statistical | Systematic
H— Z77 15% 7%
H — vy 16% 7%
H—WW* 10% 15%
51fb (7 TeV), 19.7 fo™ (8 TeV), 35.9 fb" (13 TeV)
BI -||||||||||||||| -1 r r [ 1 1 1 1 1 1t 1 ] T T 3 _I IIIIIIIIIII |IIII|IIII|IIII|IIII|IIII|IIII|IIII_
2 4ooL ATLAS Preliminary ~ —oc,,_, m,=12509Gev . = 6 cMS E
;I‘ [ AH-oyy U H—>ZZ*—4l QCD scale un.certainty 1 D:C:J - ¢ Data (stat. ® sys. unc.)
b% 8ok ¢ combined data B Total uncertainty (scale ® PDF+a) h 5_— Systematic uncertainty _
systematic uncertainty _ .
| L i Standard model
%’_" 4 - LHC HXSWG YR4, m =125.09 GeV B
== -
- 3[ S
2r .
- - et
s=7TeV, 45" 1| f -
Ys=8TeV, 20.3fb" . —-(H —=4) + X
O Vs=13TeV, 36.1 fb” i oF PP~ { ) 7
PR T 1 1o PEREE TR I T TN TR T NN TN TN THNNN TR NN TR NN TR N NN S ERINNEEE FEENE EEENE FRENE SRR N NS FRNN SRR NS R T
/ 8 9 10 11 12 13 6 7 8 9 10 11 12 13 14
Vs [TeV] s (TeV)
Q&% Q. Barone 32 CMS Collaboration, arXiv:1706.0993 April-18




Differential cross section

Inclusive cross section
® |nclusive fiducial cross sections:

H—ZzZ 3.62 = 0.50 (stat) ¥03> (sys) fb, w
. H—=yy 55 4+ 9 (stat.) T 4(SyS.) T O.l(theo.) tb )

® For ZZ also cross section per final state

» Eventually sensitivity to final state interference (10%) in same flavour quadruplets

¢ Data
ATLAS [ ] Syst. uncertainties
H > 77* — 4] m  LHCXSWG ggH @N3LO + XH
¢ MG5 FxFx + XH
13 TeV, 36.1 fb™ +  NNLOPS + XH
A HRes 2.3, NNLO+NNLL + XH
o T o F o . f
= 18F = 4.5F 8 90F
(- C o o
O 16 4 80t
"8 C - -
w14? 35? 70?
§ 1.2 3F SRR
O b 255 50F *oa
0.8F of * 40 5
| | | r
0.6 1.5F + 30F
- : -
0.4F 16 20F
020 05F 10F
ofia ofie ofic ofi o

ofiac ofie ofiv ofid
.t Cuge e, % (oo ]

%
2o m)” Comey

4/4 *4o 12 Q.

7) G. Barone

® YY also targeting inclusive fiducial regions
sensitive to VBF production:

» m;> 400 GeV and |Ay;| > 2.8

Fiducial region Measured cross section

Diphoton fiducial
VBF-enhanced

55 + 9 (stat.) + 4 (exp.) = 0.1 (theo.) tb
3.7 £ 0.8 (stat.) + 0.5 (exp.) + 0.2 (theo.) tb

Fiducial region SM prediction
Diphoton fiducial 64 + 2 1b [N°LO + XH]
VBF-enhanced 23+0.1fb  [default MC + XH]
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Higgs boson kinematics Differential cross section
® Higgs boson pT4¢ and rapidity (y4¢) probe:

» pr4¢: Lagrangian structure of H interactions.
» ys40: Sensitivity to proton’s parton density functions.

® Agreement from different computations:

» models normalised to N3LO prediction: p-values > 20%
» good agreement with the pdf set

| o | B | | | | B | e | [T T T T | T T T T T T T T | T T T T ]

= 0.4 ATLAS ¢ Data i 2 o[ ATLAS ¢ Data -

Q) - H—>ZZ* - 4 [ ] Syst. uncertainties ] — — H—2ZZ* - 4] [ ] Syst. uncertainties .

S 4o/ 13TeV,36.1fb" I MGS5 FxFx K = 1.47, +XH ] = _ 13 TeV, 36.1 b I MGS FxFx K =1.47, +XH _

o T NNLOPS K = 1.1, +XH N S Al NNLOPS K = 1.1, +XH =

< 01 HRes 2.3 K = 1.1, +XH ] B - HRes 2.3 K = 1.1, +XH -

QL_ T JONNSRE XH = VBF+WH4+ZH4+ttH+bbH ~ — © N 2mms XH = VBF+WH+ZH+ttH+bbH ]

O N p-value NNLOPS =25% 3 p-value NNLOPS = 65%

-8 0.087 m m p-value MG5 FxFx = 42% - - p-value MG5 FxFx =66% ]

0.06— p-value HRes = 21% 7 B i m i p-value HRes = 64% B

061 || ] 5 4 ________ I | 7

0.04 .. |H — _ - I _

:_I X I* . | R R e -

0.02F- | |} ...... |+ _______ . - R o ’

— l. ...... 1 _- - L L L — : :

O I A R bbb St et Lt AR Sty o ﬁw-\\-i;';':!:t;:;l_ “______ O 3\\.&&\&\—& §\K\\§§\—§'§\§.\\§§§Q§§"\Y ATRRT ARG st e M *i —mdaw

> 25- B S 25- N

2 2. ‘ 1 IH o 21 —~

E 151 — E 151 | | —

g L Tt (LITEES TVREE A EEES I | ---------------------- — o 1 | 1 —

© ©

O 0.5~ I — 0 0.5 —
0 10 15 20 30 45 60 80 120 200 350 0o 05 1 15 o T35
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Higes boson kinematics
® Higgs boson pT14¢ and rapidity (y4¢) probe:

» pr40: Lagrangian structure of H interactions.
» ys0: Sensitivity to proton’s parton density functions.

® Agreement from different computations:

Differential cross section

» models normalised to N3LO prediction: p-values > 20%

» good

agreement with the pdf set

—
LI

dogy/ dp!" [fo/GeV]

—
<
»

1072F

 ATLAS H—yy, \s=

T | T T T T T | T T | T T T T | T T T T
13 TeV, 36.1fb™" ]
-¢- Data, tot. unc. Syst. unc.

- 99— H default MC + XH
¢ HRes 2.3 + XH

RadISH+NNLOJET + XH
==+ XH = VBF+VH+ttH+bbH E

Ratio to default MC + XH

5 G. Barone

L PR SR SR TR N T T WA SN SN SR TR N SN SN SR SR SR S [ R WA ST S N T S S
50 100 150 200 250 300 350
P [GeV]

35

do,,/dly | [fb]

YY

Ratio to default MC + XH

80 LI | T TT | LI | LI | T TT | T TT | LI | LI | LI
- ATLAS H—yy,{s=13TeV, 36.1 b1
I -¢- Data, tot. unc. Syst. unc]

60 - gg—H default MC + XH 4

& gg—H SCETIib+MCFMS8 + XH

==+ XH = VBF+VH+ttH+bbH

2_

1= o o —
O PR ﬁL. PR YT S NN WA S U AU T R N N SR U AU AU NS S S AU T T N T TN T S

0O 02 04 06 08 1 12 14 16 18 2 22 24
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H and jets variables Differential cross section

° ° ° ° ° [y ~ T T I T —]
® |et multiplicity (N;) with jet pT 3 007E aras e E
] ) E H— ZZ* — 4] |:| Syst. uncertainties E
. . . . S 006 13Tev,36.1 " I MG5 FxFx K =147, +XH — —
» modelling of high-pt quark kinematics s F WLOPSK =11 0
2, 0.05— SN XH = VBF+WH-+ZH-+tH-+bbH —]
e] - -
© L _
le— 0.04l— p-value NNLOPS = 18%
RS = p-value MG5 FxFx =37%
o) - .
< 0.03 _—I S —
[ ] [ ] — —
® Double differential d2c/dptd Nj: : :
TALV]: 0.02f - Jf E
. . 0.01— + —
» Probe the Higgs production mode S s NP
0%i\‘\\‘\\\\“x{\k\&&&h&\\\"\k\k\t\\\\\\\v«\‘w et n ]
» Nj = 0 dominated buy ggF production > 25 :
) 2~ —
< .
° ° ° t 15_ . I ]
» Nj > | VBF enriched production CH S - H--H S B -
©
O 05— _
30 40 55 75 120 350
pl_lt_aad. jet [GeV]
— 0.08F . . - — 0.008
% - ATLAS t Data 3 s E ATLAS | | ; Data | ] % = ATLAS +I Data 3
O 007-H-ZZ -4 [_J Syst. uncertinties = 8 0025 H— 277" — 4] [ ] Syst. uncertainties = (O 0.007-H—=2ZZ" -4 [ Syst. uncertainties —
S - 1 = — - - - ' - e C _ ]
o) - 13TeV,36.11b [ MG5 FxFx K =1.47, +XH = S [ 13TeV. 36.1 b B MGS FxFx K = 147, +XH ] IS ~ 13 TeV, 36.1 i [ MG5 FxFx K =1.47, +XH 3
o 0.06 NNLOPS K = 1.1, +XH ERR NNLOPS K = 1.1. +XH ] o 0.006 NNLOPS K = 1.1, +XH —
2 3 0050 s XH = VAT 2Hiliebo 2 'ﬁg 3 T F SN XH = VBF4WH+ZH-+tH+bbH ] " 3 . 0055_ SIS XH = VBF+WH+ZHsttH+bbH 3
) Q:_ : H prvalus NNLOPS = 17% Z—Q:_h 0.01 - p-value NNLOPS = 17% ] = QL_ O p-value NNLOPS = 17%
S SR Ll _ 239 015~ =17% RS, - —oao
B 0.04 = I . I i - p-value MG5 FxFx = 23% . % - p-value MG5 FxFx = 23% ] B 0 004:— p-value MG5 FxFx = 23% E
© C |:| ‘ 7 o ~ — © C T
0.03 = ooib . - I ] 0.003 I —
0.02F- Eg N ] 0.002F- + 3
C R 3 B 7 C ]
- 5% 7 0.005(— — - ‘ ]
0.01— o —] - N... - . —
= n 86 e : - 2t MO =
0; eee feeeo . eccccecemananannn] N | . B NN -ii\-\-\ﬁ\-\\"\\\\-\QQ\-\-\-\k : + ] 0 i\§§t§§\\\§\§§§§\:§\§§§§\:\\\§\\\§\:§\;§§<§§<§<\'§<§<\'§<\'§\§\\§\\§\§\\§\\§E
0 R Lt AN SN\ AN N N T . I
> | _ T T T T > | |
5 ° 2_ b 12 250 | _ s 25
2 et 1 @ 2F — 2 2 ]
lc:vs E 15 _| % 1.5 _|
T it - T L B R O -
- — (] - 1
Q 05 | | | S s g _ QO 05 |
0 10 30 120 G \350 0 30 60 80 120 350 0 120 v o 0
jets e N._ =1 jets
pT,4l [ ] ijztls [GeV] pT,4l [GeV]
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H and jets variables Differential cross section

® Jet multiplicity (N;j) with jet pT
» modelling of high-pt quark kinematics

® Double differential d2c/dprd N;:

» Probe the Higgs production mode
» Nj = 0 dominated buy ggF production

» Nj > | VBF enriched production

- " ATLAS B gg—H default MC + XH 5 o e e M S ]

vy

) s | ATLAS B= gg—H default MC + XH
L _ -1 _
2 10gH=yy,Vs=13TeV, 3611 £ 5% XH = VBF+VH+ttH+bbH E S 104 .., (5-13Tev 364 fb" E
o - —¢— Data, tot. unc. Syst. unc. 2 : Yy, \s= , 36. LS4 XH = VBF+VH+itH+bbH
8 I o [ —¢— Data, tot. unc. Syst. unc.
© 1 ] b‘.— r
| .

102k %
) N I
; I 1 0 2 """""""""""""""""
+ : —_— ——
t— ‘ —
2 S
= S o0 —— !
=] 0. 15. 30. 75. O- <0. 60. 70, 0. 70, 200.,. O- 20o. = I I !
8 6 80 T a5y 0 2o oo O350 700 70209 =085 200 035 3 0-30 30-120 120-350 0-30 30-120 120-350
3 p. [GeV] 3 p'" [GeV]
+— o) T
(@] -—
b= §e)
£ Nigs =0 Nigs =1 Nigs =2 Nigs =3 5 0.0 < lcos(8*) < 0.5 0.5 < lcos(6*) < 1.0
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6. Production mode measurements
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Strategy Production mode
® Measurement of cross sections sensitive to:

(i) production modes and
(i) probes of BSM contributions in tensor couplings.

® Strategy is classification into exclusive event categories (truth level)

Reconstructed event categories

Production bins Reduced
Stage 0 S ]
tage N =0
. jet —
0-jet ) 0j
ggF-0j 1 1€
coupling modifiers
4 <60 GeV
H< 60 GeV T Pr = °
a ggF-1j-p,"-Low 1 p,"Low
T
j 60 <p,*<120GeV| N_ =1
1-jet 60 < p." <120 GeV . . P T jet
aoF J Py 9gF-1/-p,*Medium 1j p;*-Medium
p;">120 GeV : : R p;* > 120 GeV
ggF-1j-p;"-High 1j p,*-High
2 2-jets - =
F-2j -
w2 EFT coefficients o Lowy | P20 G
p/ <200 GeV e VBF-enriched p.-Low m,, > 120 GeV
-p{/-Low
VBF
p;/ > 200 GeV p, > 200 GeV
_p_J-Hi . N =2
VBF-p/-High VBF-enriched p.j-High |+————— s
Hadronic V decay
VH-H m, <120 GeV
2 VH-Had enriched! < s
VH
Leptonic V deca BS M
e 4 VH-Lep N,, =5
VH-Lep enriched <
ttH = ttH-Like
ttH-enriched <

T: VH-Had enriched is divided into p,* > 150 GeV and 118 < m. < 129 GeV
41

p;* < 150 GeV sub-categories for tensor structure
measurment
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Strategy

® Measurement of cross sections sensitive to:

(i) production modes and

Production mode

(i) probes of BSM contributions in tensor couplings.

® Strategy is classification into exclusive event categories (truth level)

>
b
o
(@)
O
—
©
o
_—
c
(]
>
L
©
[0}
-—
(&
>
—_
)
(2}
c
o
(&
[0}
o

» Categories with high purities and small

contamination from other fiducial regions.

] -p#'-Low

1 -pi'-Med

1f —p4T'—High
VBF-enriched-p"T-Low
VBF-enriched-p’T-High
VH-Had-enriched
VH-Lep-enriched
ftH-enriched

7 G. Barone

0/

0.2

ATLAS Simulation

H— ZZ" - 4l
13 TeV, 36.1 fb

0.3

0.4

0.5

[0 ggF-0j

T i
W ooF-1j-pf-Low M VBFPy High
B ooF-1j-p/-Med o
T B VH-Lep

B ooF-4j-pl-High g #tH
B bbH

B ooF-2)

0.6

VBF-p’-Low

0.7 08 0.9 1

Expected Composition

40

ggH VvBF WH zH [ogzH [BttH llobH | tHg = tHW
ATLAS Simulation  H -y, m_=125.09 Gev
tH lep Ofwd

tH lep 1fwd I

ttH had BDT2

ttH had BDT3

ttH had BDT4

tH had 4j1b

tH had 4j2b

VH dilep

VH lep HIGH

VH lep LOW

VH MET HIGH

VH MET LOW

jet BSM

VH had tight

VH had loose
VBF tight, high p'¥
VBF loose, high pt¥
VBF tight, low p'¥
VBF loose, low p;'jj
ggH 2J BSM

ggH 2J HIGH

ggH 2J MED

ggH 2J LOW

ggH 1J BSM

ggH 1J HIGH

ggH 1J MED

ggH 1J LOW

ggH 0J FWD

ggH 0J CEN

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

® Cut based classification of events into category.

» Ex. Jet multiplicity (ggF), m; for (VBF) and b-tagging (tt H)
® and multivariate analysis (BDT) to discriminate contributions.

» ggF from ZZ*, VBF from ggF, VH(had) from all.
» Variables: prae, KD, N, Anjj, pr,; etc.

® Detector and theoretical uncertainties

(i) Luminosity 3.2% (i) ur and pr about 4% to 30%

(ii) Lepton ldentification <2% (if) ggF prediction in Nj categories.

(iii) Pileup ~2% (iii) (BSM only NLO/LO prediction)

(iv)Jet Energy Scale (3%-7%)
(v) Jet Energy Resolution (27%-4%)
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H—77—480 results

® Simultaneous fit to all template cross sections

» Extraction of global signal strength (u=g0°bs /gexp),

Production mode

r

\

n=129"7"

0.18
—0.17

(stat.)

+0.07

—O.O6(Sys°) -

- 0.03(theo.) fb

~

J

® Extraction of individual category cross sections

gaF

VBF

VH

ttH

Inclusive

[ | [ [ [ | [ [ [ | [ [ [ [ [ [ | [ [ [ | [ [ [ [ [ [
A TL AS 4 Expected SM
- H - ZZ" = 4| l‘ Observed: Stat + Sys —
-1
;?aTg\é’ ?6? sz 5 SM Prediction
- < .
98, o-B [fo] (c-B)_[fb]
[ ] 280
] 131072 1180+ 80
I e 92.8+2.8
! <200 3
(95% CL) 535
<120 +1.1
(95% CL) 154706
|E| +260
] 1730720 1340+ 90
| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10 12 14
c-B/ (G-B)SNI

7 G. Barone

ggF-0/
ggF-1j-p’T4-Low

ggF-1j-p;’-Med
ggF-1/-pZ-High
ggF-2j

VBF-p/ -Low
VBF-p/ -High
VH-Had
VH-Lep

ttH

42

— ATLAS

- H—>ZZ* —» 4l
13 TeV, 36.1 fb™
— Reduced Stage 1 - |yH| <25

% Expected SM

I‘ Observed: Stat + Sys

SM Prediction

o-Bfb] (o-B),[fb] o

| | +240
+ 880 .., 730 £ 50
| | +150
. 80" 170 + 25
| | +110
+ 160 ", 120 + 20
| | +50
. 3077, 24+ 5
- 200 "% 140 + 30
+ —140 -
| +180
1l 260", 88.6+ 2.7
| +50 +0.4
il /5 60" 4205
% [ < 200 +1.9 T
: » (95% CL) 36.2 ;5
/5 <160 +0.8
(95% CL) 16.6_1,
<110 +1.1
» (95% CL) 154746
1 | | | | | | | | | | | | | | | | | | | | 1
6-B/(c-B)
SM
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Production mode

H—y~vy results

® Simultaneous fit to all template cross sections

» Extraction of global signal strength (u=go°bs /gexp),

r

.

+0.06

pu =099 +0.12(stat.) "5

+0.07

(exp.) “5'o5

(theo.)

® Extraction of individual category cross sections

top
VH
VBF
ggH

MRun-2

Run-1

LI | 1T 1T | LI L | 1T 1T | LI L | 1T 1T | 1T 171 | 1T 1T | LI
— ATLAS
(s=13Tev,36.1f" "' Total e Stat.
H =7y, my = 125.09 GeV Total  Stat. Exp. Theo.
-0 +0.6 +06 +0.1 +0.1 }
— e Mop = D _o6 L-05 -01 -00
+0.9 +08 +02 +02
— ® Moy = 0.7 o8 [—0.8 -02 -0.1 ]
+0.6 +05 +03 +03
— H—e—=H W . = 20 45 [ -05 -02 -0.2 }
+0.19 [ +0.16 +0.07 +0.07
— e MggH =081 _,g [—0.16 -0.06 -0.05 }
- L e +0.15 [ +0.12 +006 +007 ] |
— 9HeNLo e Meine = 099 514 [_0.12 -0.05 —o.osJ
+0.28 [ +0.23 +0.10 +0.12
— 9HE@NNLO  -@—H Run-1 117 026 [- 0.23 -0.08 -0.08 ]
1 1 1 | N I | | 1 1 1 | | N I | | 1 1 1 | | N I | | | I - | N I | | 1 |
0 1 2 3 4 5 6 7

Signal strength
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ggH (0 jet) |—

ggH (1 jet, p!' <60 GeV) |— <

ggH (1 jet, 60 < p:' <120 GeV) |—
ggH (1 jet, 120 = p: <200 GeV) |— ! o

ggH (= 2 jet) [— : o

qq — Haq (p"T <200 GeV) |—

ggH + qq — Hqqg (BSM-like) — e

VH (leptonic) — o

SM prediction

(s=13 TeV, 36.1 fb”
H— vy, mH=125.09 GeV

ATLAS

——

top I— *

05 1 15 2
Measured ¢ x B normalized to SM
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WW#— OVDV results Production mode
® Simultaneous fit to the ggF and VBF categories.

» Over mt for ggF and BDT response for ggF

» Extraction of ggF and VBF total cross sections

g 0.12 0.18 )
| HVBE = 0.627)5q(stat.) + 0.22(sys.)
— 2.0_ AL L AL R R L AL AL R R R L AL R
a — 68%CL ATLAS Preliminary
T s=13 TeV, 36.1 fb"
= | ‘& Bestfit j
% [ 4 SM ]
& 1o} ] o
- ® Significances of 6.3 0and |.8 O
(a8} 5 o
g 05f : for ggF and VBF, respectively
0.0F
—0.5 - N N B N S B .
-5 0 5 10 15 20 25

OggF * Br-ww* [pb]

44 April-18



Global fit Production mode

® Combination of results from Yy and ZZ

» still dominated by statistical component.

» Result in agreement with expectation within stat. uncertainties.

1= 1.09 555 (sta) G08(sys) H48(cheo.) M

T T T T T T T T l T T T T T T T T | T T T T | T T T T N L L L " | T T T T | T T T T | T T T T | IIIIII
. gg—H (0-jet) .
ggF ATLAS Prehmmary FE_{ ATLAS Preliminary .
H—yy and H—=Z2Z*—4l H—yy and H—=ZZ*—4l
m,, =125.09 GeV, ly |<2.5 99—H m, =125.09 GeV, ly |<2.5
: H Vi< (1-jet, 60 < p' <120 GeV) H Vi
o = = e ==y [ &8,
(1-jet, 120 < p’;’ <200 GeV) | ' rye T4l
gg—H (= 2-jet, p’;’ <200 GeV I P | |_H_|
Measurement  Fed or VBF-like) - ]
vH : * : Stat. uncertainty 99—H ﬁ 1'1(‘;,"’- P?zzozgo \(IE)eV) . | . | Ratio normalized to SM
+ qq—Hqq (p.. = e
Syst. uncertainty D qq—Hqq (piT <200 GeV) l | E | Measurement  |of
- [ | . Stat. uncertainty
ttH | I ' SM prediction . — ™ .
I ILI .I I 99/aq —HIVHIv ' = w ' Syst. uncertainty |:|
! o
A R N TN N TN NN TN AN TN TN N N AN N TN T N N NN S NN TN NN N T W SM prediction
—ttH I—E—| predictio
_1 o 1 2 3 4 5 gg/qq IIIIIIII ! 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 III 1 1

Cross section normalized to SM _
o, x B, normalized to SM
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Global fit Production mode

® Combination of results from Yy and ZZ

» still dominated by statistical component.

+ CMS’s result systematically dominated.

» Result in agreement with expectation within stat. uncertainties.

ATLAS p=1.09 1900 (stat.) T008(sys.) T00°(theo.) fb
—0.09 —0.05 —0.05
1.17 1008 (stat.) Tooo(sys.) Tooe(theo.) fb
CMS = —0.06 ) —0.06\8Y8-)  _0.05 -
"""""" I e B L
T T T T T T T T l T T T T T T T T | T T T T | T T T T ggeH (O'iet) @_{ . .
. ATLAS Preliminary ?—Tl__?gir(\e/“rgg]??b-1
9 Vs=13 TeV, 36.1 fb gg—H (1-jet, p’;’<60 GeV) }_%1 S= ev, .
H—yy and H—ZZ*—4l H—yy and H—>ZZ"—4|
. My, = 125.00 GeV, Iy, 1<2.5 O et 60 < pff< 120 GeV) |_E_| my, =125.09 GeV, ly, 1<2.5
VBF I gg—H ' e
(1-jet, 120 < p’;’ <200 GeV) | ' rye T4l
—H (= 2-jet, p" <200 GeV L e |
Measurement e g%rVBF "kl:) i ) .I == I-H—I
VH L | —H (= . : T | 0.2040.608 11214
' ¢ ! Stat. uncertainty +gqqli> S-I;ql(‘i:’ P2 205&%\?)9\1) . } —— |  Ratio normalized to SM
Syst. uncertainty D 99 —Hqq (P, <200 GeV) l —o—+— Measurement  |of
fFH — . SM prediction I | — o | Stat. uncertainty
l ' .l 99/9q —HIl/Hlv | o - ' Syst. uncertainty |:|
0 |
1 1 1 1 | 1 1 1 1 l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 —_— I E | SM d t
1 0 1 2 3 4 5 gofq—ttt | TTTE l!....|....|....|.p.re.|?||or.]...ll..

Cr ection normalized to SM )
0SS section no izedto S O, X B, normalized to SM
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Global fit Production mode

® Combination of results from Yy and ZZ

» still dominated by statistical component.

+ CMS’s result systematically dominated.

» Result in agreement with expectation within stat. uncertainties.

CMS Preliminary @ Observed
35.9fb™ (13 TeV) = =10 (stat.®sys.) CMS Preliminary e Observed
- +10 (SYS.) 35.9 b (13 TeV) - +10 (Stat.®sys.)
- . — +20 = +10 (SYS.)
: — +20
"ggH e i
: YY '
Mgr| ——o—— — i
- 77 :
] M :
MWH ® L '
B Ww :
4+ @
w —-- 3 5
ZH -
: - :
; M —I*—
MttH : ® ;
5 bb E
1 111 | 1 111 l 1 111 | 1 111 | 1 111 | 1 111 | 1 111 | 1 111 1 1 1 1 | 1 | | | i | 1 1 1 | | | | | | 1 1 1 1
0O 05 i 15 2 25 3 35 4 0 0.5 1 1.5 2 2.5
Parameter value Parameter value
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Global fit Production mode

® Combination of results from Yy and ZZ

» still dominated by statistical component.

+ CMS’s result systematically dominated.

» Result in agreement with expectation within stat. uncertainties.

CMS Preliminary @ Observed
359 fb-1 (13 TeV) - 10 (Stat.@sys.) | | | | | | | | ! | | | | | | | | I | | | | I | | | |
o) E ATLAS Preliminary
9 Vs=13TeV, 36.1 fb”
HagH = : H—yy and H—ZZ*—4]
— : m,, = 125.09 GeV, ly, |<2.5
Uyer _—‘—'_ VBF | : o |
w : o
WH :
i Measurement  Fed
B VH | .
W, — ' * ' Stat. uncertainty
— Syst. uncertainty D
u 5 :
ttH e fT1H | . .= SM prediction I
= L]
M i_*_ | | | | I | | | | l | | | | I | | | | I | | | | I | | | |
1111 | 1111 i 1111 | 1111 | 1111 | 1111 | 1111 | 1111 _1 O 1 2 3 4 5
0O 05 1 15 2 25 3 35 4 : :
Parameter value Cross section normalized to SM
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7. Conclusions
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Conclusion

® Run Il first results of ATLAS in the study of Higgs boson properties

1.Measurement of my at 2 per mille precision level.
2 .Fiducial cross section measurements, sensitivity to several distributions

3.Production mode analysis and template cross section measurements.

T | T T T | T T T | T T T T T T | T T T | T T T
5 [T T T T T A TLAS 4+  Expected SM
% 607 L I L L ) B B ) N L B =2 100 __ ATLAS Prel]mlnary — Gpp—)H my = 125.09 GeV __ — H - ZZ* - 4| I‘ Observed: Stat + Sys —]
[0} - ATLAS Preliminary ~* Data % [ AHoyy 0 H—>ZZ'—4 QCD scale uncertainty ] 13 TeV, 36.1 fo™ SM Prediction
g 50C V5= 13 TeV, 36.1 fo" — Fit ] oy i mbined d mm Total uncertainty (scale ® PDF+ar)) Stage 0 -y [<2.5 B [fb] (-B)__[fo]
i " ] o 8ok ¢ Co ed data ] | - ]
> [ Ho&od [Background ] [ | systematic uncertainty i 4 o0
2 o ] i i ggF 1 1310°2% 1180+ 80
Y L | - i
w 60 — I
- L 5 u +160
30k i i VBF | 370*1% 92.8+2.8
; 40l J’] i o i
g L Ael + . i <200 3
“ ! %X* i VH (95% CL) 935
i 20k ] _
10— i Vs=7TeV, 45fb" ] <120 +1.1
- - ’ . ttH o 1547
L - Vs=8TeV, 20.3f" i (95% CL) 16
P I B | l I B} l I B R | l I N B} l I B} ] 0 __ E = 13 TeV, 361 fb1 __ N IEl T
10 115 120 125 130 88 L.y e 1 Inclusive 1730 %260 1340 + 90
7 8 9 10 11 12 13 + a0
m,, [GeV] PR N T NS N N SN T TN NN T NS N AT SO AN N I
Vs [TeV] 0 2 4 6 8 10 12 14
cs-B/(cs-B)SNI

® Globally measurements dominated by statistical uncertainty

® First step in the bigger picture of the Run 2 programme
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Introduction

Higes boson kinematics
® Higgs boson pr42 and rapidity (ys¢) probe:

» pr40: Lagrangian structure of H interactions.

—Pp— —

® Small perturbations to SM: dimension 6
operators most effective approach.

% O — %CghGZVGa’W | Cg ggH contact interaction
U \

C m _

A_22 Oy — —tcthtt,

Ca T;]Lb _ ' ¢ tand bYukawa couplings

A2 O3 — TCbhbb, |

C m _

S04 — g (0 4 B)G (EL o™ T g + hec)

Uo

—

Cig: dipole-moment, ¢-t interaction

53  Grazzini
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Experimental Setup

® The Large Hadron Collider

» Two-ring superconductive proton (ion) accelerator situated at CERN.
» Delivers collisions to four main detectors: Alice, ATLAS, CMS, and LHCb.

CMS
— — —
LHC -
" Neh e
ALICE s SHeh

SPS

ATLAS

S~ 1 _AD

mt

\\ \--—Iﬁ \_“ . — —-_1~:,\: S : k .:-:.:: i .E-B-g-t-étg.&.l
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Event selection Reconstruction and selection

® //*— 40 selection:

» For each of four final states: 4u 2e2u 2u2e and 4e

® [wo same-flavour opposite sign (SFOS) lepton pairs:

» Isolated leptons with: p1(£) > 20 GeV, |15 GeV 10 GeV and 5 (7) GeV
» Angular separation: AR(£,2’) > 0.1 (0.2) for same (different) flavour

® Single candidate quadruplet identification

» Leading pair: pair closest to mz,
» Vertex refit: X2 cut at 99.5% signal efficiency
» Final state photon emission recovered

Final state Expected Observed
4 u 38.5+2.1 38
2e2u 27.5+1.4 34
2u2e 20.8 1.3 26
4e 20.3+1.3 24

Total 107+ 6 122

110 GeV < muye < 130 GeV

Events / 2.5 GeV
N
o

L
o

N
o

10

|||||||||| |||||||| |||||||||||||||||||||||||
- ATLAS $_oun
B [ signal (m =125 GeV) ]
- H—> ZZ" — 4] B Background zz* —
13 TeV, 36.1 fb I Background Zijets, tf, tE+V, VWV ]

7///% Uncertainty

80 90 100 110120 130 140 150 160 170

mZISR-corrected [GeV]



Background estimation Reconstruction and selection
® |ndistinguishable contributions from signal in final state

|. ZZ" production in 42 (dominant) 3. Hadrons misidentified as leptons:

» From gg annihilation and gg fusion » Z+jets tt and WZ production

(subdominant)

» Extrapolation to signal region

2. 2727, WZZ and WWZ (small). making use of simulation

Based on simulation Based on data

Final state  Signal (125 GeV) 7 Z +jets, tt, WZ,1tV,VVV  Expected Observed

4u 20.6 £ 1.7 159+1.2 20+04 38.5+2.1 38
2e2u 14.6 +1.1 11.2+£0.8 1.6 +0.4 275+ 1.4 34
2ule 11.2+1.0 7.4+0.7 22+04 20.8 + 1.3 26

4e I1.1+1.1 7.1 £0.7 2.1+£04 20.3+ 1.3 24
Total 57 +5 41.6 £ 3.2 8.0+ 1.0 107 £ 6 122
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Background estimation Reconstruction and selection
® |ndistinguishable contributions from signal in final state

|. ZZ" production in 42 (dominant) 3. Hadrons misidentified as leptons:

» From gg annihilation and gg fusion » Z+jets tt and WZ production

(subdominant)

» Extrapolation to signal region

2. 2727, WZZ and WWZ (small). making use of simulation

g ATLAS S £ 200 ATLAS | =
© 1013 TeV, 36.1 10" = 2 180 13 TeV, 36.1 1 =
0 Data 3 L — Data -
GC) - Background ZZ* _ 160 E_ - Background ZZ* __
0 I Background Z+jets, tf, Wz, tT+V, VVV | 140 I 5ackground Z+ets, tf, WZ, tE+V, VWV
1 W Uncertainty _? 120 W Uncertainty =
m, <115 GeV . 190 m, <115 GeV __
or 130 GeV < m,< 170 GeV | 80 or 130 GeV < m,< 170 GeV ]
0.1 E 60 E

40

20

0 0
o oE T T[T 3 QO of | | | -
; 1 E; ;;QW %////// //%////%}///////////////////// ‘% i ;///////&/////////W /W//%///// ////////////////‘
8 ost v %//2 g osb v w %/é
0 50 900 180 200 250 300 _ 350 — ' ] — ——
P T4 [GeV] N jets
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WW*— 050V Reconstruction and selection

® [WW*— ewuv selection

» Two isolated leptons p1(£) > 22 GeV and
pt(£) > 15 GeV

p Eqmiss > 20 GeV

® Background estimation

CR ]Vjet = O ]Vjet =1 A]jet > 2, VBF
55 < Mmee < 110 GeV Mep > 80 GeV
WW Adpe <2.6 | |mer —mz| >25 GeV
b-jet veto
m& > 50 GeV

Npjet, (pr>30 Gev) = 1

Np_iet, (pr>20 Gev) = 1
Npjet, (20 Gev<pr<30 Gev) = 0 JEAPT

Np jet, (20 Gev<pr<30 Gev) > 0

Top-quark Ao (L, E%ﬁss) > /2 max (m%) > 50 GeV Central Jet Veto
pf > 30 GeV Mo <mz — 25 GeV
Adre <2.8 Outside Lepton Veto
no Ef'* rack requirement Outside Lepton Veto
7 s or mee < 80 GeV Central Jet Veto

Adpr > 2.8 Mo > my — 25 GeV
Np_jet, (pr>20 Gev) = 0
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Introduction

Mass measurement

® The Higgs boson mass (mn) is a fundamental free parameter of the

Standard Model.

» Its precise determination allows for evermore precise higher order corrections to

the cross section.

» Sensitivity to new physics in higher order corrections.
» Input to precision Electro Weak global fit.
» Key measurement of the LHC program.

® Aim in improving significantly on Omn

» Expect |.7 times more candidates,

with 36 fb! at /s=13 TeV

G. Barone 59
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Uncertainties MENE R EEN ==

® Narrow resonant peak above a background continuum

» Allows for precise Higgs boson mass measurement
» Minimise the model dependency.

® |ngredients for optimal measurement of Higgs boson mass:

» Detector performance driven measurement

O'(TTMM)
VN — Ny

5mH ~

(I) Statistical precision precision depends upon:

» resolution of the reconstructed final state,
» number of signal events.

(Il) Systematic uncertainty from understanding of detector performance:

» energy and momentum scale,
» resolution uncertainty.
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H—77—48 results

Mass measurement

® Final estimate from 4x4 simultaneous un-binned fit
» Four kinematic categories and four final states

-2 In(A)

6_I T 1 | T 171 | 1T 171 | 1T T T | I:CIc)lrnlbllnledl_
- ATLAS Preliminary a4 )
5 (s=13TeV, 36.1 fb — 4e
[ H— ZZ*—4l 2u2e
—2e2u

_IIII|III IIIIIIIIIII_
‘922 123 124 125 126 127 128

m,, [GeV]

20

1o

T T T | L | T T 1 ! T 11 | L | L
ATLAS Preliminary H—ZZ*— 4i
| (s=13TeV,36.1fb" : i
4e °
2u2e E .
2e2u ——o—
a .
1| | | [ | | i | | | | | | | [
-3 —2 —1 0 1 2 3
A [GeV]

® Cross validation in channels and independent method

» Compatibility of channels 0.60 for 4 and 1.3 2u2e
» p-value of 0.19 between template method and per-event.

+ 35 MeV worst resolution for template method.

7) G. Barone
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Muon resolution MER MEE N 1)

® Correction for local misalignments

» Charge dependent bias, with net effect of worsening resolution

» In-situ correction based on Z— UM data, recovers up to 5% in
resolution.

» Iteratively removing the bias Os:

blaS( )
corr ( ,U) _ M

1 —q(m)és(n, §)pS* ()

ATLAS Preliminary 13 TeV, 33.3 fb™' Data

. 92.2 L. T T T T
> > ATLAS Preliminary 4 () 4 () Uncorr.
= O, 9213 TeV, 33.3 fb
2 = 018F-08rad<o™)<torad T M) # u(+) Uncorr.
s 91.6— Z—uu — MC Syst. uncert.
91.4
91.2 X e
91 -
90.8 '_:
90.6 . —0—_, =
90.4 3
) 1.005 _:
R o o S R =
© .
= —

2 5
,’(ulead)
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H—Z77—48 strategy Mass measurement
® Three-prong approach to reduce uncertainty at analysis level:

(i) 14% from m); constraint to mz with kinematic fit.

(i) 2.4% from per-event likelihood.
» Per lepton energy response as a function of kinematics of event
(i) 6.3 % from kinematic discriminant selecting signal and background events

» Boosted Decision Tree on p1(4£), y(4£) and log(|Atn|2/| Azz+|?)

® Expected statistical uncertainty of 340 MeV.

L I B B L ]
oo ATLAS Preliminary -e-Data =

>
(D)
» Validation on Z—40 decays < 22 _ | ]
< 20F Vs=13TeV, 36.1fb" — Fit =
» Template fit as cross check method £ o Zod E
g) C
2 E
Category | myz in simulation [GeV] | mz in data [GeV] —
4 91.1979-41 91.4670-42 ;
1.02 1.08
4e 91.19+1-02 91.75+1.08 E
1.11 1.62
22 91.18+1-11 91.3171:62 =
0.90 0.91 ]
2e2 91.19+9-% 92.49*0-0) _
Combined 91.19%033 91.62+0:33 T

m,, [GeV]

G. Barone 63 April-18



Run | status

Mas Measurement

® Run | world average on my

mp = 125.09 £+ 0.21 (stat.)

| | | | I | | | | | | | | | | | | | | | | | | | | | | | | | | | I | |
LHC Run 1 Total  Stat. Syst.

ATLAS H—yy —— 126.02 = 0.51 ( = 0.43 = 0.27) GeV
CMS H—yy ——— 124.70 £ 0.34 ( = 0.31+ 0.15) GeV
ATLAS H—-ZZ—4] } . | 124.51+ 0.52 ( £ 0.52 = 0.04) GeV
CMS H—ZZ—4l o — | 125.59 + 0.45 (£ 0.42 £ 0.17) GeV
ATLAS+CMS vy ——— 125.07 £ 0.29 ( = 0.25 = 0.14) GeV
ATLAS+CMS 4] ——— 125.15 + 0.40 ( £ 0.37 = 0.15) GeV
ATLAS+CMS yy+4l F@—l 125.09 + 0.24 ( = 0.21 = 0.11) GeV

l l l l I l l l l | l l l l | l l l l | l l l l | l l l l | l l l l I l l
123 124 125 126 127 128 129

m,, [GeV]

T O.ll(SyS.) GeV
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H—vy Mass measurement

® //—~y updated result at Run Il.

» Analytical function in kinematic and detector categories.

m}yy = 125.11 +0.21 (stat) + 0.36 (syst) GeV

> — T T T T T T T T T

LI | LI | LI | LI | IIIIIIII | LI | LI | LI | LI 8 700 —— Data ATLAS Preliminary _:

- ! -1 e e Background fs=13TeV,36.1fb" 3

ATLAS Prellmmary \{§=1 3 TeV, 36.1fb % 600~ —— g:gzg: + Background m, = 125.11 GeV =

B H%YY N ;\] In(1+ s/b) weighted sum E

BB i ® 500 —

B | N 400 —f

BE ° ]

L ] so— Vel —

EE ¢ 200 —f

CC ° 100
uc ——— 2
uu —0— Z
1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 -53
5 4 3 -2 -1 0 1 2 3 4 5 g : . . . .
A 110 120 130 140 150 160
A; [GeV] m,, [GeV]
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H—vy Mass measurement

® //—~y updated result at Run Il.

» Analytical function in kinematic and detector categories.

m}yy = 125.11 +0.21 (stat) + 0.36 (syst) GeV

8 70 e Data ATLAS Preliminary ~ —
Source Systematic uncertainty on mzy [MeV] % sool. — g%czk:g:riu;:ckground Vo= rli Ie1\£53161 1(;2\1, _;
LAr cell non-linearity +200 R 500 In(1+s/b) weighted sum
LAr layer calibration +190 o E
Non-ID material +120 -
Lateral shower shape +110 ] e E
ID material +110 200 =
Conversion reconstruction +50 . 5
Z — ee calibration +50
Background model +50 2
Primary vertex effect on mass scale +40 E;,
Resolution f%g Z
Signal model +20 g’ | | | | |

N 110 120 130 140 150 160

m,, [GeV]
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Combination

® /77" and

» Likelihood

Source

Systematic uncertainty on mpy [MeV]

LAr cell non-linearity
LAr layer calibration
Non-ID material

ID material

Lateral shower shape

Z — ee calibration

Muon momentum scale
Conversion reconstruction

90
90
60
50
50
30
20
20

H—~~y Run Il combination

-2In(A)

14

12

10

Mass measurement

based combination with simultaneous fit

| T T T T |
ATLAS Preliminary
's =13 TeV, 36.1 fb’’

| —I Cc|>mblinedI

...........................................................

..................................

| | | | *
124 125

Channel

Mass measurement [GeV ]

H— 77" — 4¢
H — yy

124.88 + 0.37 (stat) £ 0.05 (syst) = 124.88 + 0.37/
125.11 £ 0.21 (stat) £ 0.36 (syst) = 125.11 £ 0.42

Combined

124.98 £ 0.19 (stat) £ 0.21 (syst) = 124.98 + 0.28

67

—H > Z7* — 4]
— H-—>yy
------ Stat. only
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Comparison with CMS Mass measurement

® Updated my measurement with Run-2 data.
» With 40 channel alone.

® Strategy of “3D” fit:

» Leading lepton pair constrained to mz (-8%); Similar to ATLAS

» Matrix element discriminant for background rejection (-3.2%) Per-event
. : o resolution
» Propagation of per-lepton tracking and ECAL uncertainties to ms2 (8%) } .
prediction
in ATLAS
CMS 35.9 fb (13 TeV)
_I 8 1 Y T T T T T T T T T T TF T ]
= N -
No m(Z,) constraint 3D: L(myy, Dmass, Dlgli(“g) 2D: L(myp, Dimass)  1D: L(myy) < 7:_ m. D /
Expected my uncertainty change +8.1% +11% +21% N 6 = o o B
Observed rmy; (GeV) 125.28--0.22 12536024  125.3940.25 - Mar Dmase: Dbig | ]
With m(Z;) constraint 3D: L(m)), Diyasss Dlgli(fé) 2D: L(mlyy, Dhass)  1D: L(m),) 5 A \t M’y D'mases D (stat. only):," B
Expected mp uncertainty change — +3.2% +11% - -
Observed my; (GeV) 125.26-0.21 12530+021  125.34+0.23 A \N i
3 =
21 =
e T .
O: | |
124.5 125 125.5 126

68 m,, (GeV)



Phase-space Differential cross section

® At Run Il sufficient statistics for constraining differential measurements

® Fiducial cross section definition
» including detector efficiency (C) , detector acceptance (A) and branching &%

1.4
N 1 fit - ATLAS Simulation - Correction factor 1
Oifid =0 XA; X B = C 1.2FH -2z - 4 ;f?B' ) .
L X C; - 13Tev, 36,1107 o P ]
LN -
» Cuts mimicking reconstruction selection: . 8: ]
(i) Model independent result. T ]
. : : - ANy
(i)No extrapolation beyond observation 0.6 il OSSNy
® Measurements dominated by statistical 0.41- g
uncertainty 0.2 -
3 3 1 _I L1 1 | I | I | I | I | I | L1 1 I_
Channel Statistical | Systematic 055700 150 300 350 300350
H— Z7~ 15% 7%
T4| [Ge ]
H — ~v 16% 7%
H—WW* 10% 15%

4D
ndeis AN
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Decay variables

® Decay variabels: |cost*|, m34 and A gy

do/dm,, [fb/GeV]

Data/Theory

Differential cross section

» Probe J<P of the Higgs boson and BSM sensitivity

4+ Although statistical higher precision needed

» Sensitivity to Higgs production modes

0.35_ ATLAS t Data -
T Ho7zzr > 4 [ ] Syst. uncertainties -
0.3 - 13 TeV, 36.1fb" P MGS5 FxFx K =1.47,+XH

T NNLOPS K = 1.1, +XH ]
0.95 - SR XH = VBF+WH+ZH-+tH+bbH
- p-value NNLOPS = 42%
02 - p-value MG5 FxFx = 44% -
0.15F | | -
RS L P
= I&‘ | | Eo 4
et | R 2 |+_ 58 3
0 SATAAMASANV NN 3&'\7 QS.QSi\!S\r\v.\\?\ St [ R D A
2.5 I
2_ —
1.5~ | . | - | .
N N AR A VL L -
0.5 |
20 30 40 50 60

m,, [GeV]
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do/d(lcos6*]) [fb]

Data/Theory

- ATLAS ¢ Data 5

LY T [ ] Syst. uncertainties ]
- 13 TeV, 36.1 fb™ P MG5 FxFxK =1.47,+XH
8_— NNLOPS K = 1.1, +XH ]
L p-value NNLOPS =55%  .o00iil XH = VBF+WH+ZHttH+bbH

~ p-value MG5 FxFx = 60% ]

6 — —
4 — p—

2 — —
0 R R R R R T R R
2.5 —
2 — —

1 5 l . . - . . —
1 .................................................. —
0.5 l : .

70

Il

do/d(A¢.) [fo/rad]

Data/Theory

0 . 35 T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T
- ATLAS ¢ Data _
03 H—ZZ" >4 [ ] Syst. uncertainties .
C 13 TeV, 36.1 b I MGS5 FxFxK =1.47,+XH ]
0252 NNLOPS K = 1.1, +XH -
T seeeeyt XH = VBF+WH+ZH+tH+bbH
0.2 p-value NNLOPS = 11% —]
Z p-value MG5 FxFx =20% ]
0.15— —
01— I I —
0.05— —
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0 3
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25— —
2 — —
1.5 —
1 e —
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Differential cross section

® Measured cross sections in good agreement from that measured by CMS

CMS 35.9 b (13 TeV)
;‘ | [ [ [ [ | N T I I I | I I I I | I I I I | I I I I | I I I —
O 0.141— ATLAS* t Daa o ] > i ¢ Data (stat. @ sys. unc.) i
(2 - H—ZZ* — 4] . [ ] Syst. uncertainties . (¢b) 1 3 —————  Systematic uncertainty E
O .12 13TeV,36.11b M MGSPXPx K =147, +XH Q) : SN gg—H (NNLOPS) + XH :
= - NNLOPS K = 1.1, +XH ] B i Yz gg—H (POWHEG) + XH ]
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Interpretation Differential cross section

® m|2 VS M34: sensitivity to contact interactions:

90k ' ! ! -

"UE) - ATLAS 4 oma
L% 80:_ |1_|3_->r 25*3214;b_1 |:| Signal (m =125 GeV) =
. . r ev, . - Background ZZ*
» &R eLand K: flavour universal modifiers of the contact : [t
E 7/, Uncertainty

terms between H, Z and leptons (arxiv:1504.04018)

4+ Angular distributions unaffected: same Lorentz structure
as SM term.

bin 0 bin 1 bin 2 bin 3 bin 4

my, VS msy, bins

L=y I
2 C ATLAS ¢ Data §
- 25 H 77" —> 4] [ ] Syst. uncertainties ]
o 0_8 T T T T T T I ! 1 T~ T T [ T T 1 N < — 13 TeV, 361 'fb-1 - MG5 FxFx K = 147, +XH ]
© i ATLAS 18 . - ATLAS N < N NNLOPS K = 1.1, +XH B
. H— ZZ* — 4] — 95%CLObs T H— Z7* — 4] _ 95% CLObs 1 o - sesesy XH = VBF+WH+ZH+ttH+bbH .
- 13 TeV, 36.1 fb * SM I T 13 TeV. 36.1 fb * SM . N N
0.6 I 95% CL Exp i 1.5 — eves b o x 95% CLExp 15 —_p-value NNLOPS = 41% ]
= 146 C N "+ p-value MG5 FxFx = 54% —
- ] 1 E - -
0-4__ __ _5 E o E 1__ 44444444 I ................ __
] 1 0.5F . - [ R
i 114 F ] - [% .
0.2- - o - Ea N S E
i | —3 C ] [ z 7]
R | -0.5 :— —: 0 lomecmmcenas Y AR
o | e N E 251~ )
; - r . 2 I . —
B 4 - ’ 15 . —
_02_ | | IR B | ] _15:_ | T T _: L I ------------ I" """"-I- ------------ I ----- N
-04 -0.2 0 0.2 04 02 0 02 04 0.5 | | | | ]
EL SL bin 0 bin 1 bin 2 bin 3 bin 4
Myp VS Mg,
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Generators used Differential cross section

® gluon gluon fusion production modelled by

» PowHeg Box “NNLOPS” (normalised to N3LO)
» Madgraph5_ @NLO with FxFx merging scheme (normalised to N3LO)
» HRes 2.3 (normalised to N3LO)

@®VBF, VH, tt Hand bb H

» All normalised to N3LO
» MiINLO for VH and Madgraph5 @NLO for q¢ H

® BR(H—4£) of 0.0124% at my=125 GeV

» PROPHECY4F: including NLO QCD and EWV corrections.

® Showering:

» HERWIG++ (with UEEES tunes) and Pythia8 (AZNLO tunes)
e PDF:

» PDF4LHC NLO PDF for PowHegBox (with NLO merging scheme)
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Classification
® Cut based classification of events into category.

Production mode

» Ex.Jet multiplicity (¢ggF), m; for (VBF) and b-tagging (tt H)

® Multivariate analysis (BDT) to discriminate contributions.

Events

» ggF from ZZ*, VBF from ggF, VH(had) from all.
» Variables: pr4e, KD, 1, Anj, pr, etc.
20 __ T T T T | T T T T T I. IDa;a | T T T T __ m [ T T T T | T T T T T T ID 1I: | T T T T
- ATLAS ooF 1 § 14-ATLAS S VBF =
- VBF ] > L ggF
18 -H - zz* - 4l Vi 1 W [HoZzzr >4 VH
16 =13 TeV, 36.1 fo” —_ Ezv - = 121 13 7ev, 36.1 10 — o E
L 118 <m,, < 129 GeV tt+V, VW ] [ 118 <m,, < 129 GeV i
14 o W onorany 10 [ 1-6}-Low W Uncertany
12 ;_ = 8 - _
10 [ - :
L ® — [ ]
8 ;— - 6 -
6 41 .
: ; W,
4 - 2 - T 7 //Ay// v ]
2 v E 7///////4’ -
O """ O 1 ,,,,,,,,,,,,,,,, 1
-1 -05 0 0.5 1 - 05 0 0 o
BDT BDTygr
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C 1j—p¢'—Medium

-0.5

7
7%,
/222

L LSAS S,

~ LN
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o Data
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e ttH
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Strategy Production mode

® Cut based classification of events into category.

» Ex. Jet multiplicity (ggF), m; for (VBF) and b-tagging (tt H)
® and multivariate analysis (BDT) to discriminate contributions.

» ggF from ZZ*, VBF from ggF, VH(had) from all.
» Variables: prse, KD, n;, Anjj, pr,; etc.

(7)) T r T T T T T 1 LA I ) BN BN B B B (7)) i LI L B ) I B B B LA L Y N B B B i n 8 T T T T T T T T T T 1 1 T T 1
— . Dat _] - e Data e C
c 20 ATLAS . oo 1 £ 14[ATLAS veF 15 _LATLAS S vBF :
S . VBF ] > L ggF . C F ]
w 18FH - zzr > al VH 4 W [HoZzzr >4 VH 1% "FHozz 54 Vi ]
- —t ] 1o . . ttH q - R _> - tH _
16 [-13TeV, 36.1 fo" - ZZ' - - 13TeV,36.11b L § g [ 13TeV, 36.1 b - 72 -
| - - +V, - t
C 118 <m, < 129 GeV — tztij\clats\/\t/fv ] - 1.184|< m,, < 129 GeV . Z+jets, 1 - 118 <m, < 129 GeV — tzt:j\c/a’ts\{\t/fv
14 Eo 2 Uncertainty — 10 __1/-PT-|-0W 2z Uncertainty ] 5 C 1j—pi'-Medium 2, Uncertainty N
12 :_ _: 8 — ] 4 - ]
10 . -
- 4 i — ® _
8 ] °f 3F E
- . i 70 i - -
N: E ] 8 1 - 77} :
- ’ 2 ‘ 7, Z 7 1 ¢ 2 ¢ ~
2 s __ : S i : 4 ///A//// S :
0 O === N ar 0 1 0.5 0 0.5 1
1 05 0 0.5 1 —1 -0.5 0 0.5 1 - ~
- ) 1j'p¢|-LOW B D-I-‘lj_l:)“TLNIed
BDT ¢ BDT, g VBF
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Classification Production mode

® Cut based classification of events into category.

» Ex. Jet multiplicity (ggF), m; for (VBF) and b-tagging (tt H)
® Multivariate analysis (BDT) to discriminate contributions.

» ggF from ZZ*, VBF from ggF, VH(had) from all.
» Variables: prae, KD, N, Anjj, pr,; etc.

® Detector and theoretical uncertainties

(i) Luminosity 3.2% (i) ur and pr about 4% to 30%

(ii) Lepton ldentification <2% (if) ggF prediction in Nj categories.

(iii) Pileup ~2% (iii) (BSM only NLO/LO prediction)

(iv)Jet Energy Scale (3%-7%)
(v) Jet Energy Resolution (27%-4%)
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Results Production mode

® Simultaneous fit to all BDT distributions

Production bin Cross section (pb) (0-BR)/(0-BR)sy u
Observed SM expected Observed
Stage-0 production bins, |ygy| < 2.5
ggF 1.3170-26+0-0940.05 1.18 +0.08 L1123 +0-09 11140224018
VBF 0.37+0-13+0.03+0.03  0.0928 + 0.0028 4.0+1-7+0.4 4.0t1-7402
VH <0.20 0.05379-503 <3.7 <3.8
ttH <0.12 0.015470-001> <15 <17.7
Reduced Stage-1 production bins, |ygy| < 2.5
2eF-0j 088720% 0732005 | 122930008 12270300 e
ggF-1j-pH Low 0.08%0- 13700 0.174 +0.025 0.5+0-5+0-2 0.510:5+0.3
ggF-1j-pH Med 0.16+0- oo 0.120 +0.018 1.3109+0.2 1.3+09+0-2
ggF-lj-p? High 0.03f8:82¢0.01 0.024 + 0.005 1.2f%:$i0.3 1.3f%:3f8:§
ggF-2j 0.20*0-19+0.03 0.137 +0.029 1.4+1520.2 1.545407
VBF-p/. Low 0.2610-150-03 0.0886 + 0.0027 3.0739+0-3 2.97390%
VBF-p/. High 0.06%0-02+0.01 0.0042+0-00 137g%1 137g%+1
VH-Had < 0.20 0.0362+0-00% <56 <56
VH-Lep <0.15 0.0166*0-005 <9.3 <9.5
ttH <0.11 0.0154*0-001 <7.1 <6.9
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Production mode

Results

® Simultaneous fit to all BDT distributions

Production bin

Cross section (pb)
Observed SM expected

(0-BR)/(0-BR)su T
Observed

Stage-0 production bins, |yg| < 2.5

ggF 1.317028 7007 £0.05 1.18 £ 0.08 111705 00 L11tgseto- e
VBF 0.3770-140.03+£0.03  0.0928 4 0.0028 4.071740.4 4.0t7102
VH < 0.20 0.05310 boa < 3.7 < 3.8
ttH < 0.12 0.0154100012 <75 <77
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Results

Production mode

® Simultaneous fit to all BDT distributions

» Extraction of global signal strength (u=ag°bs /gexp).

H

0.18
= 1.287517

(stat.)

+0.08
—-0.06

(exp.)

® Extraction of individual category cross sections

2.8
2.6
2.4
2.2
2
1.8
1.6
1.4
1.2
1
0.8
0.6

BR [pb]

OggH

0

—ATLAS Preliminary *+ BestFit
“H > 22" - 4 68% CL Obs.

- 13 TeV, 36.1 b’

— 95% CL Obs.
B sm

'_l_

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
c,pr-BR [pb]

G. Barone

ggF-0J

ggF-1J-p:' Low
ggF-1J-p¢ Medium
ggF-1J-p!! High
ggF-2J

VBF-pjT Low
VBF-pjT High
VH-Had

VH-Lep

ttH
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+0.08
—-0.06

(th.) :

l T T T l T T T l T T T l T T T l T T T l T T T l T T
| ATLAS Preliminary # Expected SM |
H— Z7* — 4] B Observed: Stat + Sys
— 13 TeV, 36.1 fb’' SM Prediction —
Reduced Stage 1 - |yH| <25
- oBR=088"02[pb]  (oBR), =0.7370¢% [pb]
_— oBR=008"1"[pb]  (oBR), =0.17 (03 [pb]
- oBR=0.16"0"[pb]  (oBR) =0.1200 [pb]
= oBR=0.03"%[pb]  (oBR) =237 3 [fb]
- oBR=02001"[pb]  (0:BR) , =0.14 00 [pb]
| - cBR=026"012[pb]  (0:BR),, =88.6727[fb]
| . % GBR=0.06"0%[pb]  (c:BR) =4.24 "% [fb]
E® 6-BR < 0.20 [pb] . PR
, B U (c:BR),, = 36.273] [fo]
6-BR < 0.16 [pb] ] _ +0.8
, SR, (c:BR),, = 16.6 7 [fb]
o:BR <0.11 [pb] (c:BR)_, = 15.4 "1 [fb]
1 1 1 I 1 1 1 I 1 1 1 I (?5 /(i CLI) I 1 1 1 I 1 Sl 1 l 1
0 2 4 6 8 10 12 14
6-BR/(6-BR)
SM
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Results Production mode
® Simultaneous fit to all BDT distributions

» Extraction of global signal strength (u=ag°bs /gexp).
_ +0.18 +0.08 +0.08 |

® Interpretation with coupling modifiers

Y AL AR RAARS RRARN LAARS RRARN LARAN LAY RARE e A B L LI IR
‘é 2-8:—A1|'LAS| Prellimir|1aryI + IBestlFit | l— “ 3_53_ATLAS Preliminary * BestFit _
L 26 Hozzr e T 68% CL Obs. 7 Nz e T 68% CL Obs. -
T 5 g[13TeV,36.1 10" — 95%CLObs. 313 Tev, 36.1 " — 95% CL Obs.
" 5 of s E - oSV ]
A E 25/ :
18- - 2 -
16 - : :
1.4F = 1.5 E
1.20 - 13_ E

iE - : 5

0.8 = 0.50 -
0.6:....|....|....|....|....|....|....|....|....|—_ 15_ | | | | -

0O 0.1020304050.60.7080.9 00 0.5 | 1 — 15 5 =
oyerBR [pb] Ky
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Tensor structure probe Production mode

® Using the Higgs characterisation model Lagrangian

» Effective field theory which assumes no new physics below A = | TeV

S
|

|% 1 —
L { [QgHZZZMZ“ +gHWWwJW ,u]
_l 0 a a, vy a ~a,ﬂV

11 7
—i% [z 20 2 + an ofaz A 7 |

1 _ ~
N [KHWWwJVW MY + tan CUKAWWwJVW ,uv] }X()

] L

Standard Model modifiers (ksm =kHgg=1)

CP odd (kazz) and CP even (knzz) components of vector boson interaction
BSM gluon gluon fusion modifiers (kagg)
® Extraction from events counts

» With additional split of VH hadronic at pt42= 150 GeV.

7= » Allow only of kazz kHzz and kagg to vary.
=J) G. Barone 8l April-18




Results Production mode

® |ikelihood models from interpolation between SM and BSM components

14 T T T T T T T T T T T T T T T T T T
(/2 _l T T T T ‘ T .\ \. T ‘ T ‘ 1] ; { ‘ .‘ . ‘ ‘ ‘ {
< 25T ATLAS Preliminary | & [ ATLASPreliminary g E
N [ Hozzr >4 — Observed ] " H— ZZ* — 4l — Observed 95% CL
o0l 13 TeV, 36.1 fb” ----SM expected | 10/~ 13 TeV, 36.1 fb * SM ]
i Kiigg = 1, Ky = 1 i 8;KHgg =1, kgy =1 -=== SM expected 95% CL {
- Observed: RAQQ' =0.43 | B ObSGrVed:J]’%AVJ = O'SL%HVV =29 ]
15 Expected: Rpgg = 0.00 o 6~ Expected: k,,, = 0.0, K, = 0.0 —
- | -
® No indications of new 10 1 4 E
physics: : 1% :
* 5+ - - :
i i —2j -
° . j | _4:_ _:
» Excess in VBF production oL | T N T
» -6 —4 -2 0 2 4 6
. Agg K
explains the non zero values A
for the K vaI ues. 2 7\ T | T T ‘ T T ‘ T LI ‘ LI T ‘ T LI ‘ LI T | T L 2 7‘ T ‘ T T ‘ T \. ‘ \. T ‘ T T ‘ T T ‘ T T ‘ 1T i
~ [ ATLAS Preliminary 1 =2 ATLAS Preliminary ]
= 30 — Observed — £ 30 — Observed .
+ : NCPEH 5 220 > 4l 1§ [Hozzro4 ]
Inte rfe res Wlth SM - 13 TeV, 36.1 fb! ...-SM expected : ] o5l 13TeV, 3610 - SM expected -
251 - B i
assumption S : o= T K= :
20iObserved: Kiwy = 2.9 j 20| Observed: [k, | = 2.9 _
- Expected: k,,, = 0.0 . | Expected: k,,, = 0.0 ]
15; — 15 -
10 - 101 -
5 . 51 .
Oi\ T T.'\'w. TR ‘ [ \j 07 111 .
6 -4 -2 0 2 4 6 -8 8
LTy Kaw
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