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Motivation

The ATLAS collaboration reported in 2012 the observation of
a new particle with a mass of about 125 GeV: a milestone in the

understanding of electroweak symmetry breaking has been reached.

Present experimental challenge: is this really the SM Higgs boson?

e Rates

All compatible with SM, combined
signal strength is y = 1.33 £ 0.20
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» Need to measure its properties and compare them to
SM expectations:
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Motivation

The ATLAS collaboration reported in 2012 the observation of
a new particle with a mass of about 125 GeV: a milestone in the
understanding of electroweak symmetry breaking has been reached.

Present experimental challenge: is this really the SM Higgs boson?

 Rates
« Couplings

Starting to fit them on data,

all compatible with SM expectation

(more on rates and couplings in S. Gadatsch's talk)
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» Need to measure its properties and compare them to
SM expectations:
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Motivation

The ATLAS collaboration reported in 2012 the observation of
a new particle with a mass of about 125 GeV: a milestone in the
understanding of electroweak symmetry breaking has been reached.

Present experimental challenge: is this really the SM Higgs boson?

» Need to measure its properties and compare them to
SM expectations:

e Rates

_ SM prediction is J*F = 0*
 Couplings to be tested against

_ alternative models in data.
e Spin and CP

O'vsO,1%,1, 2", ...
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Outline

. 27 | WW* |
« WW analysis
0~ v - -
« 20.7 fb™* at 8 TeV
17,17 | v v -
 ATLAS-CONF-2013-031 9+ v v v
e yy analysis e ZZ analysis
« 20.7 fb* at 8 TeV « 20.7fb*at8 TeV + 4.8 fb* at 7 TeV
* ATLAS-CONF-2013-029  ATLAS-CONF-2013-013

e Spin combination
c WW + ZZ +vyy

e ATLAS-CONF-2013-040, then arXiv:1307.1432, accepted by Phys.Lett.B
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Testing the J°" = 2* hypothesis
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Foreword: Statistical treatment

Same statistical treatment for all analyses (0" vs 17, etc.)

We build the likelihood function using € (fraction of spin0) as POI.
It can take only the values 0 (spin2) or 1 (spin0).
—» M (signal strength) is a nuisance parameter.

Neins Nys
Lle.d) = ] |P Nilp (eSo+ (@) + (1 = €S2 i) + bi®) x | | A@;160;)
J

We define the test statistic g as the ratio of the two spin hypotheses (LLR):

Lle=1,[c=1.0c=1)

L(Ho+) ]
og - -
L€ =0, f1c=0. Oc=0)

L(Hy:) -

q = log

For each hypothesis, thousands of toy experiments are generated.
Results given in terms of p values for rejecting hypothesis A given that B is true,

and as normalized CL values.
S PI:I':-'TF — :}__+}

1 — po(J¥ = 0%)
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J°P = 2* theoretical model

» Graviton-inspired tensor* (Kaluza Klein model)
* minimal couplings to the SM (96% gg, 4% qqg at LO), as implemented in the

JHU** MC generator (2" )

* This minimal model may be modified by higher-order QCD corrections,
which significantly change the shape of the discriminating variables:
 rather than assigning a systematic on the production fraction,

we perform all our analyses for
5 different qq fractions: 0% — 25% - 50% - 75% — 100%

In all cases, to correct the Higgs p_ spectrum for higher order effects, JHU is reweighted to
Powheg (which matches the resummed computation of HQT).

*Gao et al., Phys. Rev. D 81 (2010) 075022.
**JHU: Bolognesi et al., “On the spin and parity of a single-produced resonance at the LHC”,

PhysRevD86 (2012) 095031
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JP=2* in the WW - £vev channel

Spin correlations between the two W bosons,
and hence the final leptons, depend on the
spin assignment of the decaying resonance:

E|I (¥ spin2)
—~ ? BI. (¥ spind)

W X w*

Kinematic distributions for the dilepton pair discriminate between different spin hypotheses:

o
o))

ATLAS - ATLAS B ATLAsJ

E E - —_— P -0 % r - —_ P - E % - — P_o0
3 L Simulation Vs =8 TeV 4 S 0.4 simulation Vs=8Te i S imulation Vs =8Te J=0
g 03; Ho WWt‘e ev:wluveE\;/ +0jets === f=2, qu = 25%7: g E i% WIWI‘A ev:w/pveg\;fr()\j/ets """ F=2 f@: 25%5 g : §—> W|Wt*—> ev:w/pveav;l-o\j/ets """ F=2, qu= 25%:
5 g 03- T F o4 i
< 0.2 < - . < I —
0T i S ; ERUL s R :
O: TR ! \ 0: I I P _I' """" ] G_ ------- l_!_ L | ------- ]
0 1 2 3 20 40 60 80 100 0 20 40 60 80
A¢ [rad] m, [GeV] P} [GeV]
Selection must:
* be loose enough to accept both spin0 and spin2 signal events
e S/B ratio = 0.05 for spin0 and 0.03 for spin2 in rate analysis SR,
* be tight enough to reject backgrounds
* not spoil dilepton correlations
»  This is what a multivariate analysis is designed for!
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BDT input variables

The spin analysis builds on the well-established rate measurement (same object selection,
background samples, systematic uncertainties), but:
* |loosening selection cuts

* looking only at the e 0-jet final state
Plots after preselection

L ———— ]
ATLAS Preliminary g oea 2 SHOe" S0

T ] N L LA
TLAS Preliminary 2 Das Z e 2<e J

ﬂ E

- — r
7120000 : B ww [ wzzzwy S So5000 A i B oww B wzzzwy
w 5=8TeV,|Ldt=207f" [ [ Single Top = - L ys=8TeV,|Ldt=207f' [ [ Single Top 7
18000 ) ) W Z+ets [ Wests — R r ; Il Z+ets [ Wests -
16000 [7WW —evmvinvey Wz 3 2{}000; H-WW —evevuvuy e
3 15000 -
= 10000 ]
ep + pe E ee + ]
bt 1 P S S = - RSV S W H S H .

4 6 8 1 0 2 4 6 8 10

Njg's Njals

Four variables used for training:
- m_ :dilepton invariant mass  my = \/E,g?g — Ppgp 2 \/QEEIEEZH — cos?fy)

. p,,, : dilepton transverse momentum
- Ag,, : dilepton azimuthal angular difference
- m_: transverse mass of the system mr = \X (EYf + EP')? — pff + B2
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BDT training

Preselection cuts before training:
. two high-p_ (25, 15 GeV), isolated, opposite-sign leptons

. m >10GeV
T(’,IZ
¢ METRE)> 20 GeV. Fffy = FP= 01l 8 <1/ -——
e p. >20GeV
T,
« Mm <100 GeV
o 2 WW  WZ/ZZ Wy o 1W/ih/igh Z+jets Wajets  Total Bkg. | Observed
jet veto 180 £2 1302 5080+ 20 420+ 20 540+ 10 330=10 [4180 £ 40 |580= 10 11130 = 50 11493
pPr.ee =20 GeV 1701 1201 | 4620 £ 20 IBO£10 520+£10 310210 ) 670+ 20 |460+ 10 6950 + 40 7261
myr < 80 GeV 1701 1201 | 2210+ 20 23010 18010 120210 | 610+ 20 |300+ 10 3660 + 30 306R4
Adpgr < 2.8 1701 1101 2190+ 20 230 £ 10 18D £ 10 120 £ 10 | 290 4+ 20 | 280 £ 10 3280 £ 20 3615
Z — 1 control region 441 0+ 100 + 10 10+1 5+1 I+1 353040 100+ 10 3740 + 40 3474
WW control region 1+1 241 2230+ 10 150 £ 10 340+ 10 190+ 10 60+7 150+ 10 3110+ 20 3297
e o ) o A
+"  The best sensitivities are obtained for: E
 train spin0 vs total background 0
—~_ * train spin2 vs total background
Fit the full shape in 2d!
/ ST bkg
Uy a BDTO
“\\‘\‘.\ & >
; A Manuela Venturi 11
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=$= Data === SM (sys & stat)
B ww [l wzzzwy
]« [ single Top

Input training variables in SR
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BDT output in SR
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O« [ single Top
B Zsjets  [] W+jets

3615 data candidates
3280 background
170 spin0 expected
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== Data s== SM (sys @ stat)
B ww [l wzzzwy
] [ Single Top
B Z+jets  [] Wejets

[] Hzs Gev)

BDT shrinked to the

backround-like range.

WW CR:
m, cut reversed

SF=11

Z+jets CR:
A, cut reversed

SF=0.9

17/09/13

BDT output in Control Reglons
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Systematics

All systematics shared with rate analysis
(leptons, jets, MET, trigger, luminosity). Source Uncertainty (%)
Efficiency-related systematics used Jot energy scale & resolution 9
. WW normalisation, theory +9
also as shape systematics. Wiets Take Tacior .3
Lepton scale & resolution +6
Main systematic sources in the table. Other backgrounds, theory £
Pileup modelling +4
PDF model +4
ET™ scale & resolution +3

2D fit performed on BDTO (10 bins) vs BDT2 (5 bins).
The signal strength is left free to float in the fit.

As a consequence of the fact that we perform a different training for each fraction,
BDT2 depends on the fraction (results shown so far for 25qq), BDTO does not.

ED-E'_"I"'I"'I',",I"'IIIIIIIIIIIIIIIII ]
5 b Smusn mob - ;zgj};, i+ 100qq looks more background-like
EE Howw s cwvives s o - tg=100% 1 ¢ 100gg looks less background-like
§ 03F e 100gq expected to be easier to
02F E discriminate from spin0 than 100gg
D,f— —f
| S— . = 1 15

_T = 1 11 II|IIIIIII IIIIII
1 08 -06 04 -02 0 02 04 06 08
BDT,



WW results with 20 fb™

A nice visualization of the results is given by the post-fit background-subtracted plots:

% 100—
2d (10x5): i
e unroll to 1d, >0r
* remove empty bins I
e order in S/B ratio od

- ATLAS

L (s=8TeV

Ldt=207f"

- H— WW* — evuviuvey + 0 jets

‘ T T T T
—4— Data - background |

e

1 1 | 1
30
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- aTLAS
100~

L Vs=8TeV

Entries

50

j Ldt=20.7fb"'
- H— WW*— evuv/uvev + 0 jets

100qq

| T T T T | T T T T | T
—4— Data - background i

|:| JF=2"f_=100%
qq i

1

AR

0 10 20 ' —
BDT output 0 10 20 BDTSgutput
Excess easier to reconcile with a spin0 signal! Spin2 looks too flat.
Sensitivities between 26 and 3o according to the fraction. ¢ ;»-2+)- ] polJ” = T[: )
' — polJ" =0*
. 27 assumed 0~ assumed P s P _ s P _ A
Jag Exp. PDUF _ 0%) Exp. Pﬂup _ 24 Obs. pp(J" =07) | Obs. po(J" =27) || CL(J" =27)
100% 0.013 3.6-10% 0.541 1.7-10% 3.6-10°°
15% 0.028 0.003 0.586 0.001 0.003
50% 0.042 0.009 0.616 0.003 0.008
25% 0.048 0.019 0.622 (0.008 0.020
0% 0.086 0.054 0.731 0.013 0.048
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WW result
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J°°=2" in the yy channel

Discriminating variable is the distribution of the polar angle of
the photons with respect to the z-axis of the Collins-Soper frame:

sinh(ny, —1y,)  2PY PY

» Best discrimination power cos@* = .
° iNi ‘ 2 M,
Impact of ISR minimal _\/] + (pY Iy Yy
Topological diff : bef - e
opological differences: before acceptance cuts: / difference
* Isotropic decay for a spin0 resonance = e Y
‘c - — =0 (SM) —— Background -
. . . . . > L P _ ot o P _ o+ o, ]
« For spin2, distribution depends on the qqg fraction 2 %4 J" =2, (100% gg) -~/ J" = 2;, (100% qq)
P ;
dN 3 0.15F g
100gg: Tl 1+cos® #* 46 cos? #* £ N ]
- COS £ I IR i
8 01;5 T E
dN £ = ]
100qq: — —1-cos'#* Y oo 7
d cos B* VYL ATLAS Preliminary . . ]
| Data2012,Vs =8TeV, [Ldt=20.7 fb" ]
Background: strongly peaked in the 0004 0.2 05 04 05 06 07 08 08 1
forward-backward direction P~
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J°°= 2" in the yy channel

Event selection:
- two photons, E_> 35, 25 GeV

. window cut on diphoton invariant mass: 105 < m < 160 GeV:.
. 122 < m < 130 GeV = SR
e (105< m < 122 GeV) + (130 < m < 160 GeV) = background sidebands

1 T2
. to minimize correlations between m and cos 6*: 2L >0.35 , £~ 0.25
Yy Mgy My

(residual correlations at the percent level)

Likelihood takes the form: assumed to be uncorrelated, from MC

B

-InL = (ns + np) — Z In [ﬂs + fs (lcos &7]) - fs(myy) +np - fp(|cosd|) - fB{m'}r}*)]

events / / \

the same for
spin0 and spin2 from fit on 5" degree
/ data sidebands polinomial

fS(mW): 95% Crystal Ball + Gaussian for the tails
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vy results with 20 fb™

For very small values of |cos 6*|: Observed number of events in SR, postfit
> F — 2500
i\:“"? ATLAS Preliminary Data 2012,is = 8 TeV ° F g e H—o vy
§5oo‘_ 0.0 < |cos6*|< 0.1 JLdt=20.7fb'1 g 2000 [ Background + | .
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vy results with 20 fb™

7 tabamas’ T T T T T
) ] CH - vy eData Spin O_:
A few details on systematics: 1o o o7V [Lito207 107 Somaityponess W0 ]
 Signal: 100 N
* interference with non resonant yy background: 8- of_ o =
for spin0 only: - E
~1% correction at low values of |cos(8*)], E
up to 10% for |cos(6%)|~1 .
« 21% on the invariant mass resolution g
« Background: -2
- modelling of m_ (statistics in sidebands) 0o T s e s 00
f g (%)
) 2% assumed 0" assumed P e P At P s
faa Exp. po(J” = 0°) Exp. po(J” = 2) Obs. po(J© =07) | Obs. pp(J* =27) || CLs(J" =27)
100% 0.148 0.135 0.798 0.025 0.124
75% 0.319 0.305 0.902 0.033 0.337
50% 0.198 0.187 0.708 0.076 0.260
25% 0.052 0.039 0.609 0.021 0.054
0% 0.012 0.005 0.588 0.003 0.007
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J°P=2*in the ZZ channel

* BDT discriminant using following kinematic variables:

» production and decay angles: 8%, ®1, ©, 81, 62

* mass of Z-bosons: mi2, M

¢ use mass window 115 GeV < ma< 130 GeV

Train spin0 vs spin2 signal events.
Same object definition and event selection as in rate analysis.
Final states splitted according to the lepton flavour: 4y, 4e, 2u2e, 2e2.

e |rreducible ZZ* from MC

. . m _IIl.lIII|IIIlIII||II|III|III|III.|I-II|III_
* tthar, Z+jets: from control regions = 40;.3:21 g zg ATLAS Preliminary
0 351 : os i HozZ0—al
R — 351~ [ Background Z+jets, tt —LL
8 40E B 1 o0 B ﬂI)LZé?_AI 30:_ Signal (mH =125 GeV)
% 3 — ;”:124'3329\/2(;? 1s=7TeV |Ldt=46fb" - — =0 \s=7 TeV:det =46 b’
S -B:zkzrzzn s 1S-8TeV JLat =207 fo" osf =2t \s=8 TeV: |Ldt = 20.7 fb!

30:_ 7 Sy

2043 data candidates

IIII[IIII|IIII|IIII|I[II|IIII|IIII|IIII|

o5f - = .
- S @ = - 16 background
20F1x = z 1518 spin0 expected
sl 2l : 105
102 3 sb
5 2 C
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Fit to BDT response in 2 bins:

ZZ results with 25 fb™

~_» high S/B (115-121 GeV, 127-130 GeV)

* bin migration:

( § 7~ Afew details on systematics:
)

* +10% on mass resolution
« +10% on electron energy scale and resolution

« all the others in common with rate analysis

™ ow S/B (121-127 GeV)

o WO As T
giH—-27Z2" s 4 eData Spin 0
[ Vs=7TeV [Ldt-46fb" Sanalhypothesis (o |
GLVE=BTeV [Lai=207D"  op_g 2]
i o -2
4

fq (%)
27 assumed assumed 0* assumed P s P A P s
Jaa Exp. po(J” = 0%) | Exp. po(s” = 2*) Obs. pp(J* =0%) | Obs. po(J* =27) || CLy(J" =27)
100% 0.102 0.082 0.962 0.001 0.026
15% 0.117 0.099 0.923 0.003 0.039
50% 0.129 0.113 0.943 0.002 0.035
25% 0.125 0.107 0.944 0.002 0.036
0% 0.099 0.092 0.532 0.079 0.169
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2" hypothesis rejected
with > 99.9% CL

for all qq fractions.

Data agree better with

JP= 2* combination

40

30

20

T T T I T T T

- ATLAS

L H- vy

| \s=8TeV [Ldt=20.7 fb"
—H—>ZZ" - 4l

L \s=7TeV [Ldt=46fb"
" Vs=8TeV [Ldt=20.71b"

—H—> WW* - evuv/pvev

[ \s=8TeV [Ldt=20.7fb"

| 1 Il I Il 1 1 | 1 1 | I | 1 -

T T T | T T LI

eData  Spin 0
Signal hypothesis .16 ]

=]

LN

e -2t

ATLAS
H— vy
{5 =B TeV [Ldt= 207 "

H—ZI* =4
(s=7TeV|Ldt=46m"
(5=8TeV [Ldi= 207 "

5= 8TeV [Ldt= 207 b

® Data

v CL, expected
assuming J¥=0"

H+1e

H— WW* — evpviuvey

spinO hypOthESiS. 25 50 75 100 0 25 50 75
f (%) fig (

100% 3.0-10°° 8.8-107" 0.81 1.6-107° 0.8-107

15% 9.5-1073 8.8-107* 0.81 32-107 1.7-107*

50% 1.3-1072 27-107° 0.84 8.6-107° 53-107*

25% 6.4-1073 2.1-107° 0.80 0.9-10* 46-104

0% 2.1-107° 55-10 0.63 1.5-107* 42-10™*
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Testing the J°" = 1* hypotheses

17/09/13 Manuela Venturi 25



_.ﬁ

J°P=1* in the WW and ZZ channels

Decay of a spinl resonance into two on-shell photons forbidden by the Landau-Yang theorem.
WW and ZZ final states try to reject it independently.

Spinl models also implemented in JHU. Only allowed production mode is ggbar.

Analyses replicate what shown for 2" rejection. Discrimination power slightly smaller:

c\! B T T T T I T T T T I T T T T | T T T T i
) = T ' — © 30k * Data ATLAS B
= - ATLAS — P_o" "l [l Background zz* Hos77%_sa]
i 030 Simulation Vs =8 TeV e P = 25:_ B Background Z+jets, tf E
@ T Ao WWIoewwhvers0jets S=1 i ": =0 \s=7 TeV |Ldt=4.6fo"
5 1 oo =T \s=8 TeV JLdt=20.7 "]
<028 — a - :
- ___""":_________.".".".".".".".".'f'”""""““”f - 15:— —:
0.1 m - - of :
o ' - = 5 g
0 1 2 3d T e -

AQ [ra O——==
q)II[ ] -1 -0.5 0 0.5 1
BDT output
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J°P=1* in the WW and ZZ channels

Both spinl models rejected with > 99.7% probability by combination.

Date agree better with spinO hypothesis.

1" assumed 0" assumed 1 P ot ] P 4t P a4
Channel Exp. poJ” = 0) Exp. oI = 1) Obs. pp(J° =07) | Obs. py(J" =17) || CLJJ" = 17)
H—ZZ* 4.6-107° 1.6-10~° 0.55 1.0. 1077 2.0-107°
H—- Ww* 0.11 0.08 0.70 0.02 0.08
Combination 271073 471074 0.62 1.2. 1074 3.0-1074
17 assumed 0% assumed
Channel _ Obs. JP=0" Obs. JP=1 CL(J' =1
Exp. po(J* = 0%) | Exp. po(J* = 17) po ) po ) s( )
H— ZZ* 0.9.10- 3.8 107 0.15 0.051 0.060
H—- Ww* 0.06 0.02 0.66 0.006 0.017
Combination 1.4.107° 3.6.107° 0.33 1.8.107° 27-107°
% :""|“"\““““‘"“"‘H_ .é’ FrorrrrrrT T T T T T T T T T .é’ SR
£ .05l ATLAS Preliminary  —pata 5018 ATLAS . Tree 5 02~ ATLAS . T
Ll 3 H%ZZ()—>4I Signal hypothesis | §0.165 \s=8TeV ILdt:zo.?fb :‘Ijja;; ] o 0.18F \s=8TeV J.Ldt=20.7fb :é t=1*
r \s=7TeV: det=4.6 o™ (mH=125 GeV) 1 3 0 14; H-> WW*= evuv/pvev + 0 jets E § 0161 H—> WW*= evuv/uvev + 0 jets ata
0'2:_ Is =8 TeV: [Ldt = 20.7 fb" _JP -0 _: s F S 0 145
[ BDTanalysis _ ::0 ] % 0'121 % F
0.151- ,-':I} 1'—, -- JH1 =1 N z 01; =z 012;
; Pl ] 0.08 o
0.1 | g 0.08f
; | 008 0.06f
0.05] | 0.04¢ 0.04f
g | 0.02" 0.02
3 %50 5 10 15 20 Oy
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Testing the J°° = 0 hypothesis
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JCP

0 In the ZZ channel

« A small CP-odd component can arise in many BSM models.
* Preliminary analysis tests pure spin0* vs pure spin0O'.

* Model implemented in JHU, only gg production considered.

« WW and yy expected to have much less discrimination power than ZZ.

LOZO_' T T
S 181

D 16F

|.u14_
12F
10F

ZZ analysis follows what shown for spin2, but BDT not trained on 8* and & ..

- ¢ Data

[l Background ZZ*
— [l Background Z+jets, tf
JR— JP = O+

T T I T T T T | T T T
ATLAS

H—ZZ*—4l

\s=7 TeV JLdt = 46fb1
\s=8 TeV JLdt=20.7 fb'"]

O N B~ OO O
T TTTTTrTTT T

17/09/13

]IIIIlIlII

IIIII]lllIlIlI

IIIII

n 2O_| N A N IV U c\!
27  Data ATLAS Prellmlnary S o5
k= 18— [l Background zZ" = P
L B Background Z+jets, tt H-zZ" >4l %
16-_ Signal (m, = 125 GeV) B k= 20
L P + 1 A L
14 —F=0 \s=7 TeV:JLdt = 4.6 o ] -
Sy \s=8 TeV:Ldt = 20.7 fi5™" ] -
120 ERRL:
10F - -

o N b~ OO
1 TT TTT TTT TT
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‘_l ol Data
" [l Background zz*

" [l Background Z-+jets, tf
T — fo0

10F

T T I T T T T I T T T T | T T T T
ATLAS .
H—ZZ*—4l

\s=7 TeV JLdt=4.6f" 1
\s=8 TeV [Ldt=20.7 b’

0.5 1
BDT output

-0.5 0
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J°?= 0" in the ZZ channel

> T T
i i ]
The CP-odd nature of the observed 2 0.251 ﬁTLAZSZ oy —Data
resonance is excluded with 97.8% CL 3 jTeV @ . —F-0"
: Q - \s= =4. ]
by the ZZ analysis. £ 020 | grev Lat-207 1 PO ]
£ i
S - i
. - . . prd 0.15 b ]
Small statistical fluctuations in data I | i
reduce the expected rejection power. o1 N -
' N 1
i | RY | 1
0.05[- } } .
i | | :
_J L 4"1-‘\ [ J&Lr.-.l B i

%550 5 o0 5 10 15
q

Ch 0~ assumed 0" assumed P s P e P_ o
annel Exp. po(J” = 0%) | Exp. po(J” = 07) Obs. po(J" =07) | Obs. po(J" =07) || CLJ(J" =07)
H—Z7* 1.5-10~° 37-107° 0.31 0.015 (.022
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Conclusions

Latest results from ATLAS on the evidence for the spinO nature of the Higgs
boson have been shown.

Analyses have been carried out in the three diboson channels

(WW, ZZ, yy) and then combined.

ATLAS
The data favour the SM gquantum numbers oy * Data

. . ¥5=8TeV |Ldt=20.
against all alternatives. e vCL,expected
0" hypothesis rejected at 97.8% CL (Z2) Gorteviia-ssn’ g9 O

Vs=8TeV |Ldt=207 "

* 1" hypothesis rejected at 99.97% CL (WW, ZZ2) o WW s evsliver
* 1" hypothesis rejected at 99.7% CL (WW, Z2Z) | e

* 2" hypothesis rejected at >99.9% CL = 1
(WW, ZZ, yy) for all production fractions Gf,.m-u-
107
107
10
10° _
10° '
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Red: assuming spin0 is true Blue: assuming spin2 is true

CO.-‘IB_IIIIlIIII|.II'II|IIII|IIII|IIII

-% ~ ATLAS Preliminary fqg=0% ] EXp
R 0-16fw§—BTeVJLdt—20?fb'1 —HO"[125] p-ValueS
E 0.14__H4/WW ' evuv/uvey + 0 jets :gff [125] _:
5 - dla -
0.12 s -
- - > T
S 0.1 p0 exp (spin2)
S - (integrate on blue from red median )
0 in0 compatibility with spin2 =
P &Xb (Spind) probability of a toy experiment to

( integrate on red from
blue median )

compatibility with spin0 = |
probability of a toy RN
experiment to N
fall even more on the left

fall even more on the right

07715 %0
0g(L(H )/IL(H ) )
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Red: assuming spin0 is true Blue: assuming spin2 is true

C0-]8_I T 1 | T T 1 |.I I'I I | T 1T 1 | T T 1 | L I_
-% ~ ATLAS Preliminary fqg=0% ] Obs
12, 0-16fw§—BTeVJLdt—20?fb'1 —H 0" [125] _: p-values
E 0 14_H4/WW ' evuv/uvey + 0 jets —H 2" [125] _—
s  F — Data .
Z0.12 1 o -
S 0.1 pO obs (spin2)
E - ( integrate on blue from data )
I 008 = compatibility with spin2 =
00 obs (spin0) ] probability of data to
SN fall the right
(integrate on red from data ) J N all even more onthe 1g
compatibility with spin0O = RN ;
probability of data to N ]
fall even more on the left N
l: | AH-I"'I|J T PR R B R -
-10 -5 10 15 20
log(L(H J/L(H,))
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Spin2 Higgs-like boson

Spin2 Higgs-like resonance generated with JHU (minimal model, graviton-like, g1=g5=1):
e parity is +1

 cross section unknown, we normalize it to the SM spin0 one

« couplings to quarks and gluons unknown, scanning 5 working points

AX = VV)= A~ Eglr#pf*"‘”f*z"'“"+Eggrﬁpqﬂq‘ﬂf*'4‘”f*j va
+93 i‘f 15v(F " fa + 2 i) + 9 ;f o g

+my, (’?gjrm El‘u >+ 206 q:q L€ 6 — €6 )+ g’,r%rppefei
"“Ei'ﬂq 1y tuv f *I’Eﬁf:‘é + Q’Qrpﬂqafﬂvpcrﬂ "ff:rllﬂﬁf'cIr

+glﬂi%qa£ﬂvpcrqo §7(g"(ge3) + €7 (qe))) |

Y. Gao, A. V. Gritsan, Z. Guo, K. Melnikov, M. Schulze, et al., Spin determination of
single-produced resonances at hadron colliders, Phys.Rev. D81 (2010) 075022,
arXiv:1001.3396 [hep-ph].
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