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Studies of Higgs spin and parity with the ATLAS

detector at the LHC

Studies of the spin and parity quantum numbers of the Higgs boson candidate are presented. They are based on pp
‘ \J collision data collected by the ATLAS experiment at the LHC. The Standard Model (SM) spin—parity J° = 0*
hypothesis is confronted with alternative models using the kinematic properties of the Higgs boson decays into H —
vy, H—> WW*— Ivlv and H —» ZZ* — 4l final states, and their combinations. The datasets used correspond to an
integrated luminosity of 20.7 fb™! collected at Vs = 8 TeV, and for the H — ZZ* channel an additional dataset
corresponding to an integrated luminosity of 4.8 fb~" at Vs = 7 TeV is used.

Hypotheses tested against SM [2]:

H— YY [1 ’3]: The production and decay of the J° = 0~ resonance, as well as of the spin—1 and spin-2 resonances with

- Spin extracted using |COSQ*|, (Of the photons with respect to the both even and odd parities are modelled using the JHU generator @ LO

z-axis) distribution in Collins-Soper frame; * 0 :ZZonly. Pseudoscalar particle, no CP mixing;

« Challenge: large background, dominated by non-resonant di- « 1% ZZ and WW without yy. The Landau—Yang theorem forbids the direct decay
photon production; of a on—shell spin-1 particle into a pair of photons;

« Two observables are used in the fit to data: m,, provides the « 2*: graviton—inspired tensor with minimal couplings to SM particles. The studies
best separation power between signal and background, and have been performed for several production admixtures (gluon-gluon fusion and
|cos@’] is sensitive to the spin. quark-antiquark annihilation), the results are quoted as a function of f,, the

fraction of qq production mode.

b 250,"'w"w'"w"'w'"w"'w""L"'U"'w"', - 250,"w'”w'"w"'w”'w'"w""y”U"'w"',

e - ATLAS H—yy ——J"=0"Expected - o - ATLAS H—yy ——J" =2"Expected -

2 20();\(§=8Tevfl.dt:zo.ﬂb‘1 * f=0'Data 4 | o zoo;\(§=8Tevdet=2o.7fb'1 © f=2'Data 1

q>_) C Bkg. syst. uncertainty | g C Bkg. syst. uncertainty | . . .

i f SR ¢ o0 ] Statistical procedure:

150F— BE . 1501~ @
100—H——1—_| + E 100F- ++ 1 E The test statistic g used to distinguish between the two signal J” hypotheses is based
sof B E S0 — __I E on a ratio of likelihoods: A

- = |_+_ . i e e ———— P 2 A

oF — oF e ] L(J" =07, fig+,00+)

:HHMHAHHMH‘hHAHHXHHluuluuluu: :HulHHluuluuluHluuluulHHMHAHH: q_ Og P A 2

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

Icos 6%l Icos 6%l R £<Jalt’ 'LLJCILDlt’ HJcILDlt)

Distributions of background-subtracted data in the signal region as a function of |cos 8’| with the expected ﬁjp, éJp represent the value of the signal strength and nuisance parameters fitted to the data

shape for spin-0 (left) and spin-2 (right) are reported. under the same hypothesis. The exclusion limits are evaluated in terms of the corresponding CL..

H — ZZ'— 41 [1,4]:

Spin combination [1,6]:

« Multivariate discriminant based on a Boosted Decision Tree
(BDT) is used to to distinguish between pairs of spin and parity « 0*vs O (ZZ only). O excluded @97.8% CL;
hypothesis (five angles and two Z masses);
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» Dedicated discriminants are defined for the separation between * 0"vs 1-(ZZ+ WW): 1-excluded @99.7% CL;
P — . .
the SM J° = 0* hypothesis and each of the considered « 0*vs 1*(ZZ + WW): 1* excluded @99.97% CL;
alternative models, JP = 0-, 1%, 1-, 2*.
* 0"vs 2" (yy + ZZ + WW): 2* excluded > 99.9% CL for all f,,;
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Distributions of BDT output for the ZZ* channel for SM hypothesis vs 0 (left) and vs 7* (right) are reported. Vs=8TeV fLdt=207 b Vs=8TeV Ldt=207fb
The contribution for each of the two hypotheses is scaled using the profiled value of the signal strength.
H—> WW— Ivlv [1,5]: 120

 The analysis is restricted to events containing two leptons of
different flavors

« A BDT algorithm is used to distinguish between the spin
hypotheses (m;, Agy, p', my).

» Two separate BDT classifiers: one is trained to distinguish the
SM signal from backgrounds, while the second one separates
the alternative JP hypothesis (J° = 2+, 1) from backgrounds. 0 25 50 75 100 JF=0" JP=1" JP=1 JP=27
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Expected (blue triangles/dashed line) and observed (black circles/solid line) confidence level CL, for alternative spin—parity hypotheses
assuming a J” = 0* signal. The green bands represent the 68% expected exclusion range for a signal with assumed J” = 0*.
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