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Measurement of Higgs boson couplings and
properties in the diphoton, ZZ and WW decay
channels using the ATLAS detector

Ruchi Gupta

(On behalf of the ATLAS Collaboration)
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Higgs Production at LHC |:,”™™

« ggF : Gluon Gluon fusion, the dominant | | e gl e H
production mode.

- VBF : Vector Boson Fusion, the second most
dominant production mode characterized by
two forward jets produced along with higgs.

ttH
WZ Fusion

« VH : composed higgs produced in association
with a vector boson.

- ttH : Higgs produced in association with ttbar
pair. A A
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» Increased production cross-section for
higgs at LHC in run2.
« Large amount of data collected by
experiments. | 36 fb
« Enhanced sensitivity to production
modes for coupling measurements.
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Higgs decay to bosons

- WW*: second highest branching
ratio for higgs decay. Complicated
and the most precise runi

measurement : No New Results(ATLAS
CONF-2016-112)

- 777 : high signal to background ratio.

vy : high rate as compared to ZZ* but
lower S/B

« 77 and vy : Ability to fully
reconstruct higgs invariant mass.
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Higgs Coupling Measurement from Runt

Signal Strength : defined as the ratio of the XS*BR with respect to
theSM: |1 = (0. BR) ,./(0.BR).,

Coupling modifiers (x;) : multiplying terms in the Higgs boson
couplings to fermions and bosons in the SM Lagrangian, in order to

take into account for New Physics (NP) effects that can occur both uw

in production and decay: o
In production and decay: ;o (R) - rr (%)
o.-BR =
In Myer
Where x? = ['/TVgy
MwH
¥ b ATLASandCMS |
- LHC Run 1
1.5F Preliminary MZH
FCOH- vy
T-[H->2zz
ECH > ww
0.5F MH-0b Mt‘lH
F COH->w@ ]
OF D combined 37 Runi Results expressed
-0.5; in terms of couplings
3 with fermions (ggF,
~1.50 bbH, ttH) or vector
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ATLAS

EXPERIMENT

Run Number: 280862, Event Number: 53564866

Date: 2015-10-02 16:24:44 CEST

| ATLAS-CONF-2017-032 |

High purity channel (S/B ~2)

Events with at least two same-flavour and opposite-charge
lepton pairs.

Signal extraction using four-lepton invariant mass
spectrum in range 118-129 GeV

and ttbar
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H—ZZ*—U*'l*l" Event Categorization
- Exclusive categories optimized for the best separation of the higgs boson production processes
- Maximize experimental sensitivity while minimizing theory dependence.
« Production Cross-Sections in simplified fiducial volumes and unfolded for detector effects.

- Template Cross sections serve as input to BSM interpretations like coupling scale factors.
- Dependence on theoretical models enters at the interpretation stage.

IProduction bins Reduced I Reconstructed event categories

Stage 0

VH-Lep b VH-Lep enriched

ttH-Like

tH t . ttH-enriched

Stage1 :
= 0ot St : Ny =0
I 9gF-0j |; 0j
p;H < 60 GeV :l - p;" <60 GeV . o (o
SOENRLoN: | tipctow Simplified Template
F =1-jet 60 < p;" <120 GeV m 1 bAMedi 60 <p*<120GeV| N, =1 .
- — L i Cross Section
p," > 120 GeV m T o Hiah p,">120 GeV
-1)-p;7 HI ] JRaal
SR e STXS approach used
I ggF-2j |' p, <200 GeV g
p/ <200 GeV - | VBF-enriched p/-Low — m,, > 120 GeV fOI' Coupllng
VBF-pJLow |- .
e o0 2000ev B (o - measurements in
s H—ZZ* =111 as
Hadronic V decay @ VH-Had chod" m ;<120 GeV
e well as H—yy
Leptonic V decay N, =5
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ATLA S * : VH-Had enriched is divided into p,* > 150 GeV and 118 < m, < 129 GeV ,A‘
I * p,"< 150 GeV sub-categories for t tructure —— I_\ /l l |
Prellmlnary : mee;urmemé sub-categories for tensor structur IIIIII S )
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H—ZZ*—=11*" STXS

- Template Cross Sections
Measured for 9 stage-1
regions.

Dominant Systematic
Uncertainties :
luminosity; lepton
efficiency measurements.

Signal Composition in categories

. . - [T ggF-0j
ATLAS Simulation Preliminary gy oor-1j-p" Low
.

+H
H— zz* — 4| = gg:ljpﬁ hH"ei
i ggF-1j-p." Hig

13 TeV, 36.1 fb™' T

I ooF-2j

0j
1j pj-Low
1] pi-Med

Reconstructed category

1j p;-High
VBF-enriched p'T -Low
VBF-enriched p'T -High
VH-Had enriched
VH-Lep enriched
ttH-enriched

0.2

03 04 05 06 07

[ VBF-p}T Low
] VBF-p'T High
[ VH-Had

I VH-Lep

. ttH

B bbH

0.8 0.9

1

Expected Composition

I T T T I T T T I T T T
ATLAS Preliminary +
H—ZZ* — 4]

— 13 TeV, 36.1 fb"

Reduced Stage 1 - IyHI <25

Expected SM
U&7 oObserved: Stat + Sys
SM Prediction
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o~BR=1.31j§§ [pb]  (0BR)_ =1.18"0% [pb]

SM

(oBR)_ =92.8"23 [fb]

o 40.16
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H—ZZ*— "'l Coupling Measurement%

« H—ZZ* cross section : agreement with SM prediction
at the level of 1.70

 The cross section results by production mode are 2 g [T Ty
d . c - ATLAS Preliminary =~ Soeenesatony
interpreted in the k framework. N Hezzea Cosomssiony
 The compatibility with the Standard Model porwens e

expectation : at the level of 1.40 in kg-ky plane and
2.30 N Ogepy. BR - Oy BR plane.
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H—ZZ*—*l"l*l- coupling Measurements %

« Tensor structure of the Higgs boson couplings : effective Lagrangian approach for

the description of BSM interactions - Higgs Characterization Model. (JHEP 1311 (2013)

043 )

« Constraints placed on the BSM CP-even and CP-odd couplings to vector bosons
(kv and k) and on the CP-odd coupling to gluons (k).

rH—->ZZ* - 4l
[ 13TeV, 36.1 b
25—
[ KHgg = 1, kgy=1
[ Observed: ky,, = 2.9
- Expected: &y, = 0.0
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F Khgg =1, Kgm =1

- Observed: [yl = 0.43
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- ATLAS Preliminary

L L

— Observed
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* Agreement with SM 1.80 for x,,,, 2.30 for Ky, and 1.40 for K,
*  Kygyy and K,yy : strongly contribute to VH and VBF.
*  Kag, : mostly affects the ggF production.
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Two photons selected with E/m,, > 0.35 (0.25)

JATLAS

A EXPERIMENT

Run Number: 203779, Event Number: 56662314

Date: 2012-05-23 22:19:29 CEST

Signal extraction using maximum-likelihood fit to diphoton invariant mass
spectrum in range 105-160 GeV

Diphoton Vertex identified using a neural network algorithm based on track/
vertex information.

Major Backgrounds : yy, yj and jj SMU
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H—vYyy Event Categorization %

[MogH verF | WH lizH loozH [ltH [llobH | tHgb  tHW

ATLAS Preliminary H -y, m_=12509Gev

R tH lep Ofwd
tH lep 1fwd I
ttH lep '

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

® STXS Regions : a4
o thetfH,tHqb,and tHW : -~ o

VH dilep

. VH lep HIGH
9 categories > VH lep LOW

o VH : 7 categories VH MET HIGH
BSM : Events with a\ﬁ ity

VH had tight

boosted leading jet with upnad
transverse momentum > VBF tight, high p'

VBF loose, high pt¥

200 GeV- VBF tight, low pt¥
o VBF : 4 categories VBE = verioose on it

e ggH 2J BSM
o ggF : 10 categories ggH 20 HIGH
ggH 2J MED

ggH 2J LOW

ggF ggH 1J BSM
- ggH 1J HIGH
ggH 1J MED
ggH 1J LOW
ggH 0J FWD
— ggH 0J CEN

1

0 01 02 03 04 05 06 07 08 09 1
Fraction of Signal Process / Category
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H—vyy STXS Measurement S 3

ATLAS Preliminary 522 fo”

. H = vy, m =125.09 GeV
« Template cross sections reported for 9 phase space

regions (by merging the initial 31 categories). e —
 Signal Strength Measurements : well in agreement with 994 (1t <60 G
SM . ggH (1 jet, 60 < p:' <120 GeV) |— .—._-_.

* Dominant Systematic Uncertainties : Jet Energy Scale
and resolution; luminosity.

ggH (1 jet, 120 = p;' <200 GeV) |—

ggH (= 2 jet) —
qq — Haqq (pJT<200 GeV) — -—o—-
ATLAS Preliminary — Total — Theory — Stat ;
. H ayy,mH‘=125.09 GeV ggH + qq — Haq (BSM-iike) |— _—:.—_
£
N 5 VH (leptonic) |—
4:-' """"""""""""""""""""""""""""""""" 55 ttH [~
C Lo b b b b by g g Ly
3:_ SM prediction 05 0 0.5 1 1.5 2 2.5
E 3 3 LA L L L L L L L L L L L L L L B Measured O X BR nOfmahzed tO SM
2 — .
- : : ATLAS Prellmlna}ry o— Total o— Stat
=D N A/ A | Vs=13TeV,36.1fb
C 10 Total ~ Stat Syst Theo
e T A T R Y - H—e— W = 05 *oe [105 81 oo ]
7 . . 1 1.1 1. 1. 1.
u “’ _ +0.9 +08 +02 +0.2
VH [ P& ——H Wy = 07 los [—0.8 -02 -01 }
. | - 21 +0.6 +05 +03 +03
The signal strength measured | “wr He— My = 21 Tas [T6s Ta oz ]
. . +0.19 [ +0.16 +0.07 +0.06
for the different production Yo [= e o =080 535 [ "3 ‘o “oca |
" T A oo o [rai tom tuw ]| NNNLO (NNLO)
processes as well as globally. S Moz =099 ot Lot 005 0 | || GV oo F prediction
Moy — ems e s = 1I.17 zg;glg [10% Ijg;;g ig;f;é} in Run2 (Runi)
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H—Yyy Coupling Measurement

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Limits set on higgs coupling modifiers within k-framework.
* SM prediction within 68% CL two-dimensional contour for x,-x, as
well as for ky - kg plane

- ATLASPrelminary  aBestft ]  ° 18
— Vs=13TeV,36.11b™" —68% CL 1
- H — yy, my=125.09 GeV ___g?\;/o cL - 16
:_ KV = KW = KZ * _:
— Kp =K =Kp=¥; N — 1.4
3 E 1.2
- ' E 1
3 E 0.8
:I 1 I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 | I:
6 07 08 09 1 11 12 13 1.4 0.6
Ky
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H — vy, m,=125.09 GeV

o= Best fit
—68% CL
----95% CL
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Conclusions

- Run2 results from higgs coupling measurements in bosonic decay
channels presented.

- Simplified Template Cross Sections measured using 36 fb* of 13 TeV
p-p collisions data for H—yy and H—ZZ*—1*1-1*1-.

- Higgs couplings studied using measurements from different
production mode categories.

- All measurements for 125.09 GeV higgs : in agreement with
Standard Model.

e More New Results in upcoming talks!!!

o Higgs Cross-section Measurements : Talk by Andrea Gabrielli
Higgs mass measurement : Talk by Karolos Potamianos
o Higgs Combination Results : Talk by Tamara Vazquez Schroeder
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