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Motivation & overview

Measurement of Higgs mass
o H— vy, H— ZZ* — 4l
@ Measurement of signal strength of production and decay
o H— vy, H— ZZ* — 4], H— WW* — Ivly, (H— Z~)
Spin/CP (J*) discrimination
e H— vy, H— ZZ* — 4|, H— WW* — vy

@ Summary

@ Combined measurements:

e "Combination of the Higgs Boson Main Properties Measurements
using the ATLAS detector” , Andrea Gabrielli
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Motivation & overview

We have found a Higgs boson

Branching ratios
T vomass e wa ot

It is important to measure its
properties:

e mass, signal strengths, spin-parity
o Is it really the SM Higgs boson?
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This talk focuses on bosonic decay
channels (yy, ZZ*, WW*, Z~)
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Measurement of Higgs mass
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@ High resolution mass measurements from H— ~+ and H— ZZ* — 4|

o Clear peaks in m,, and my; distributions
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Measurement of Higgs mass

A'1I"I1_AS CONF 2013-013
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< ATLAS Preliminary H~>ZZ”~>4I
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125 (57 7ov: [Let - 461" @ Mass is extracted from profile
p e Tew: Jua-mre / likelihood fit to data
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e Signal strength p(=0/osym) is a

0122 123 12; 125 ?26 127 i28 free parameter
m,, [GeV]
o Best-fit mass:
H— ~: 126.8 +0.2(stat) +0.7(syst) GeV

H—ZZ* — 41: 124.373¢(stat) 133 (syst) GeV
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Measurement of signal strength: Higgs production at LHC

L;K: Higgs Cross Section Working Group
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@ Signal strengths in different production processes and the ratio
(e.8 pggH+ttH/tvBF+VH) are also measured
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Measurement of signal strength: H— ~~v

ATLAS-CONF-2013-012 ATLAS-CONF-2013-012
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o Overall signal strength u(=0/osm) at 126.8 GeV:
1.65 +0.24(stat) "9-2>(syst)

@ Signal strengths tend to be high in all production modes
o Compatibility with SM expectation: 2.30
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Measurement of signal strength: H—ZZ* —4l
o Overall signal strength p at 124.3 GeV: 1. 7Jr05

@ Signal strength by production mode:

HggF+ttH X B/Bsp pivBF+vH X
Measured value 1.879% 12735 0.7753

@ Signal strengths are consistent with 1 within 20 uncertainties
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Measurement of signal strength: H—-WW* —l|viv
@ Overall signal strength p at 125 GeV:

1.01 +0.21(stat) £0.19(theo.syst) +0.12(expt.syst) £0.04(lumi)

@ Signal strength by production mode:

pggF X B/Bsm HvBF+vH X B/Bsym
Measured value  0.8240.24(stat.)+0.28(syst)  1.66+0.67(stat.)+0.42(syst)

@ All values are consistent with 1(= the SM expectation)
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-
Search for the Higgs in Zy decay mode

@ The yield of H—Zvy —llvy is similar to H—ZZ* —4l, but larger
backgrounds
@ Limits are extracted from Am = my, — my
o Insensitive to the contribution to the signal from FSR in H — uu
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o Observed(expected) upper limit at 125 GeV: 18.2xSM(13.5xSM)
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Spin/CP discrimination: H—ZZ* —4l

@ Sensitive through many angular variables
(6%,01,0, 01, 62) + Z masses

o Several J” hypotheses are tested against
the JP=0" hypothesis (=Standard Model
Higgs) with Boosted Decision Tree

ATLAS-CONF-2013-012
Fe Data | !
 WllBackround 22° HozZ'odl ]
o5f [ Background Z+jets, tt 3]
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1-CLs: X% level preference for he SM 0F
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BENSSS——
Spin/CP discrimination: H— ~+ and H=WW* —lvlv

@ H— v~ strongly disfavors spin 1 (Yang-Landau theorem)

@ Minimal graviton-like spin-2 model(2;}) hypothesis is tested against
the SM(0™") hypothesis. Varied qgbar—X and gg—X fractions

@ ~~: Sensitive through cosf* = angular distribution of photons in the
resonance rest frame

o WW*: Sensitive through kinematic variables(my, pr , A®y, mT)
arXiv:1307.1432
S osf ATLAS

T T
eData Spin

0% 25% 50% 75% 100%

H— WW* - evpv/uvev Signal hypothesis [0 16

20F-V5=8TeV [Lot=207 10" ep.g D= vy 1_C|_s 993% 946% 74% 663% 876%

ef-2

ww 1-CLs  95.2% 98.0% 99.2% 99.7% 99.9%

o WW 1-CLs: JP(1%) 92.0%, JP(17) 98.3%
@ In both channels, data agree closely with
SM(0™) hypothesis
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Summary

@ Measurement of properties of the Higgs boson in ATLAS using
201142012 dataset presented

@ Its mass is determined with <1 GeV uncertainty:

o yvy: 126.8 £0.2(stat) +0.7(syst) GeV
o 77Z*: 124.3 *%(stat) T95(syst) GeV

@ lts signal strengths, spin and parity are almost consistent with those
of Standard Model Higgs boson

o 7y p =165 £0.24(stat) 933 (syst)
o 77" u=17 Jjg‘.i
o WW*: 1y =1.014+0.21(stat)+0.19(theo.syst)+0.12(expt.syst)+0.04(lumi)
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Backup
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2+ model
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scenario (]”) X — ZZ decay parameters X production parameters comments

ot a1 # 0 in Eq. 99X SM Higgs-like scalar

0~ a3 # 0 in Eq. 99—~ X pseudo-scalar

1* 912 # 0 in Eq. (4) qq — X: pui, pr2 # 0 in Eq. (9) exotic pseudo-vector

1 g # 0 in Eq. qq — X: pu1, pr2 # 0 in Eq. exotic vector

24 2 = ¢® £ 0 in Eq. (5) 99— X: ¢ #0in Eq. (5)  Graviton-like tensor with minimal couplings

qq — X: pa #Om Eq. (10)
27 c2 # 0 in Eq. (6) 99— X: ¢ = g{? #0 in Eq. (5) Graviton-like tensor longitudinally polarized
qq — X: par, p22 # 0 in Eq. (10) and with J, = 0 contribution
2- 9P =g #0in Eq. ) 99— X: ¢ #0in Eq. (5) “pseudo-tensor”

qq — X: pa1, p22 # 0 in Eq.

e gi(in production and decay) and gs(in decay) set to 1 for 2, and
couplings gi(in production), and gg and go(in decay) set to 1 for 2~
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Spin analysis: statistical treatment

o Likelihood L(e, 0) constructed with one parameter of interest €, which
represents the fraction of 0 signal events in the total signal
expectation

Nbins Nsys
L(e.p1,0) = [ P(Nilp(eSor i(8) + (1 — )+ i(8)) + bi(8)) x [ [A(G116))
i Jj
i O_V)) F “\““\““\““““\““:
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. . . w [ Ho> ZZ( ) — 4l Signal hypothesis 4
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= | L(H0+) = | AL(E:L/':%:l’ée:l) 0.15F porenabet ‘\ "‘J:‘=OV ]
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r \ \
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@ Distributions of test statistic Y ]
obtained using toy MC R T - R S T
log(L(H IL(H))
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H — ~~: selections

@ Photons:

o Et > 40, 30 GeV. || <2.37(excluding 1.37 < |n| <1.56)

o Track isolation: pt sum of all tracks with pr >1 GeV in a cone of
AR < 0.2 around each photon. Required to be below 2.6 GeV

o Calorimeter isolation: transverse energy sum (of topological cluster)
deposited in the calorimeter around the photon in a cone of AR = 0.4.
Required to be below 6 GeV

o Requirements on EM shower shape variables:

e —
S3 g ‘ back

S2 \ ‘ b middle

o1 TN ' strips

- I )rcsampler

l W
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H — ~~: categorization
ATLAS Preliminary

H—
v di-photon selection
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H — ~v: VBF category

o Eight discriminating variables are used to build a boosted decision tree

. * __ nj1—"nj2 27
o mjj, nj1, Nj2, Anjj, pre. APoyjj, 0 = 1y 2 AR,
= [ T T T T T T T | = F T T T T T T T T
£ 025 —— Data 2012 (sidebands) Z 0255 aqas Preliminary VBF (m =125 GeV)
5 + Hory = 5 E , R 99F (m =125 GeV)
2 02 O3 vi+ir+ii - g 02k E:STev,JLatzzoﬂb :]Wq,infj.
° Py
3 3 £
N C H—
% 0.5 ATLAS Preliminary T;u n i
£ ) £ =
g ok =8TeV, |Ldt=207fb H 0151
2 8 [
§ 0.05F - § o1
> T .
w w
- (2)7 e (Aana ! 0.05
4 e 4 — o
g osq + ‘+ + ++ i
1 -08 -0.6 04 02 0 02 04 06 08 1 -1 -08 -06 -04 -02 0 02 04 06 08 1
BDT Response BDT Response

e BDT > 0.74 — tight, 0.44 < BDT < 0.74 — loose
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H — ~v: number of signals and signal mass resolution

Vs 8 TeV s 8 TeV

Category No| Ns gg— HI[% VBF[% WH[% ZH (%] tHI[%) Category ocs(GeV) Observed Ns Ny Ns/Ng
Unconv. central, low pr, | 10900 | 5.8 937 40 14 08 02 Unconv. central, low pre - 1.50 91l 466 81 005
Unconv. central, high pr, 553 | 7.9 793 12.6 4.1 25 14 Uncony. central, high pr 1.40 49 7.1 44 0.16
Unconv. rest, low pr: 41236 | 107.9 93.2 40 16 1.0 0.1 Unconv. rest, low prc 1.74 4611 97.1 4347 002
Unconv. rest, high pr, 2558 | 16.0 78.1 133 47 23 11 Unconv. rest, high pr, 1.6 292 144 247 006
Conv. central, low py 7109 | 33.1 93.6 4.0 13 09 02 Conv. central, low pr 1.68 722 298 687 004
Conv. central, high pr, 363 | 5.1 8.9 12.6 43 27 15 Conv. central, high pr 1.54 39 46 31 0.15
Conv. rest, low prt 38156 | 97.8 93.2 4.1 16 1.0 0.1 Conv. rest, low pr 2,01 4865 88.0 4657  0.02
Conv. rest, high py, 2360 | 14.4 771 13.0 52 30 1.1 Conv. rest, high pr. 1.87 276 129 266 005
Conv. transition 14864 | 40.1 90.7 55 2.2 13 02 Conv. transition  2.52 2554 361 2499 001
Loose high-mass two-jet 276 | 5.3 450 54.1 0.5 03 01 Loose High-mass two-jet 1 40 48 28 017
Tight high-mass two-jet 136 | 8.1 238 76.0 0.1 0.1 0.0 Tight High-mass two-jet 164 24 73 13 057
Low-mass two-jet 210 | 33 48.1 3.0 29.7 172 1.9 Low-mass two-jet 162 21 30 21 0.14
ET' significance 49| 13 41 0.5 35.7 416 121 ET' significance 174 8 11 4 024
One-lepton 123 29 22 0.6 632 154 18.6 One-lepton 175 19 2.6 12 020
All categories (inclusive) | 118893 | 395.0 88.0 73 2.7 5 05 Inclusive  1.77 14025 3555 13280 0.3

@ The total efficiency for the signal selection is expected to be 37.5%

@ The resolution of the reconstructed diphoton mass is dominated by
the photon energy resolution

SUSY2013
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H — ~v~v: backdounds

@ Two-dimensional sideband method to
Z+jets fractions

=]
5
witgnass | G D
passtghicuts | A B

-5 [ 5

o N3& = Na — (Ng — cgN3¥)
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H — ~v~v: backdounds

@ Data-driven background decomposition

> e e e e e
8 r ATLAS Preliminary —e— yy+DY Data ]
< 2500k Data 2012 —=— vj Data -
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1500F Yy &
: e, :
|- ” -
10001 Wores, s =
C ¢ e o *
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¥ ,‘I‘,‘ Y A | d, | - |
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H — ~~: systematic uncertainties

Table 5: Summary of the impact of systematic uncertainties on the signal yields for the analysis of the

8 TeV data.
Systematic uncertainties Value(%) Constraint
Luminosity 3.6
Trigger 0.5
Photon Identification 2.4 Log-normal
Isolation *1.0
Photon Energy Scale +0.25
Branching ratio +5.9% — £2.1% (my = 110 - 150 GeV) Asymmetric
Log-normal
2 L 472 L 402 L +02 .
Scale ggF: ;7 f VBF-éusz WH: 77 Asymmetric
ZH: s ttH: hrs Log-normal
PDF+a, ggF: *13  VBF:*2§  WH:#35 Asymmetric
ZH:$36  ttH:+7.8 Log-normal
Theory cross section on ggF  Tight high-mass two-jet: 48 Log-normal

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

o Mass uncertainties

@ Uncertainties arise from the extrapolation of the photon energy scale
from the Z — ee electron energy scale (0.3%), the material modelling
(0.3%) and the presampler energy scale (0.1%).
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H — ~v: results
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H — ~vv: spin

2500

S C . Da|‘a 201‘2 Nunllna\ an;\ysls ] § ZOOTHJW ‘ ‘ 7J"=o' (sl‘n) pdf ' 7.|“;2' uoo‘% 99) p‘di -
2 C =0 (sm) Hoyy 1 @ [ Nominalanalysis ¢ f=0'(sM)fit e S =2'(100%gg)fit
§ 2000~ Background - ] 5 1s0b Backgroung systematic uncertainty |
fin} L — ] Jir} 9
e ——. ] ]
1500 bt = e
5 ] 100 ]
1000 — 50 1
r - 1 \ATLAS Preliminary ]

500 ATLAS Preliminary — 0 + 1
[ Data 2012, | L dt=20.7 o' Ns=8TeV —e— 1 [ Data 2012, Jl dt = 20_4 b’ Vs =8TeV ]
T S i T W B T N e S T N . N ES S T S N P |
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
|cos®*| |cos®’|

@ Right plot shows distributions of background-subtracted data in the
signal region as a function of | cos theta*|. The two sets of points
correspond to the subtraction of the different profiled background
shapes in the case of the conditional spin-0 and spin-2 fits
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H —Z77* — 4l: selections

High mass Z o 4 final states at low mass Higgs
Zy, Myp=my, search: 4de, 2e2u, 2u2e, 44
" Z(* }LOW mass ") o In the 2e2p/2pu2e case, pairs
! Zy My=My, ordered respect to mass
o Electrons:

o pr > 7GeV, |n| < 2.47, IP significance < 6.50
o Track isolation(AR =0.2) < 0.15
o Calorimeter isolation(AR =0.2) < 0.2

o Muons:
e pr > 6GeV, |n| < 2.7, IP significance < 3.50
o Track isolation(AR =0.2) < 0.15
o Calorimeter isolation(AR =0.2) < 0.3
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H —Z77* — 4l: selections

> F T T T
8 [ ATLAS Preliminary
. . . . ©®5000F g:arev‘jm‘:mm' ]
o Final state radiation correction: S7OF T4 zamorsnon o
‘54000i o Zow, FSi Data B
@ Only for Z3 — pu : 2 U e

o 66 < myp <89 and m,,, < 100 GeV 00
@ Photons :

o E7 <3.5 GeV, AR < 0.08
o Er >35 GeV, AR < 0.15

2000F

1000F

0 70 75 80 85 90 95 100
muu(‘/)[GeV]

@ Quadruplet:
o pr > 20, 15, 10, 7 GeV (> 6 GeV if the 4th lepton is a muon)
o my =[50, 106] GeV, mss = [12*, 115] GeV
o “Lower cut increase for ms >140 GeV
@ Signal selection efficiencies:

o 39% for 4y, 26% for 2e2p/2p2e and 19% for 4e channel
T.Kishimoto (Kobe)
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H —Z/Z* — 4l: signal mass resolution
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H —Z/" — 4l: backgrounds

e /ZZ* di-boson production: irreductible background
o Estimated using MC simulation normalized to the theoretical cross
section.
@ Z+jets, ttbar: reducible background
e Estimated with data]driven methods
with Z+Il and Z+I control regions

o Increase the statistics by loosening or
inverting the selections of additional

455 ATLJQS Preliminary el
£ , 2e2u
F /5=8TeV: [Ldt =207 fb E

Events/4 GeV
s
o

* Data _
E — Z+jets and tt fit
e gt Zm

20F

lepton(s) 15

o Estimate background composition 108

o Extrapolate the background Sk
composition to the signal region based % & 70 8 90 100
on simulation mz [GeV]
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H —Z/" — 4l: backgrounds

> T T > T T
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@ The MC is normalised to the data-driven background estimations
o Good agreements between data and MC
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H —Z/* — 4l. categorization

. Yes
*There are at least two jets. _,‘_‘

*The 1st and 2nd highest pT jets are separated by

>3 in n and have the invariant mass of >350 GeV There are jets in the forward
and backward regions

No

L Vetike catogory
*There is at least one lepton with pT>8 GeV }—>

There is one lepton from
No a W or Z boson

R overs
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H —Z/* — 4l. categorization

ax

category gg — H,qg/gg — ttH qq' —» Hqq' qq — W/ZH ZZY
\s = 8TeV

ggF-like 13.5 0.79 0.65 320.4

VBF-like 0.28 0.43 0.01 3.58

VH-like 0.06 - 0.14 0.69
Vs = 7TeV

ggF-like 2.20 0.14 0.11 57.5

VBF-like 0.03 0.06 - 0.44

VH-like 0.01 - 0.03 0.25

T.Kishimoto (Kobe)
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H —Z/* — 4l. systematic uncertainties

Mass measurement

Decay modes involving electrons (4e, 2e2p): electron energy scale
uncertainty is main contributor

o 0.4% (0.2%) on measured mass in 4e (2e2u)

Decay modes involving muons (4x, 2u2e): muon momentum scale,
resolution uncertainty are main contributors

o 0.2% (0.1%) on measured mass in 4y (2u2e)
Signal strength measurement

Decay modes involving electrons: electron ID and reco efficiency
o 9.4% in 4e, 8.7% in 224, 2.4% in 2u2e

Decay modes involving muons: muon ID and reco efficiency
e 0.8% in 4e, 8.7% in 2e2u, 2.4% in 2u2e
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H —-Z77* — 4l: results

ATLAS Preliminary
* Data
[ Background 2z
[ Background Z+jets,
W Systunc.

Events/10 GeV.

HozZ" 41
=7 TeV:[Ldt=46 10"
s =8TeV:|Ldt=20.7 1b"

0 (cev)

200 400 600

3

95% CL limit on o/cy,

E (s=8TeV:[Ldt=20.7 fb"

ATLAS Preliminary — Observed CL,

Ho 220 41 - Expected CL,

o7 TeV:fLatcap ! EHE1S
O+20

I
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my, [GeV]

5 T T T T
290 0s 2012 ATLAS Preliminary
0 .
€ 100 R Aot Ho 2205 4l
Exp 2011 (5=7 TeV: [Ldt =4.6 fo"
- Qbs Gombination
10§ - Exp Combination 5= TeV: Lot 20.7 f5
10.‘. 7 R e 14
SN
10
10°
107
10°
10ME
1043' I I I H I

| i
10 120 130 140 150 160 170 180
my [GeV]

Table 8: Summary of the observed and expected po-values for the /s = 7TeV, /s = 8 TeV data sets
and their combination. The expected po-value is quoted at the mass of the observed minimum.

observed expected
data set min po significance myg(po) min po(mpy) significance
[o] [o]
Vs=TTev | 25%x1073 2.8 125.6GeV | 3.5x 1072 1.8
Vs=8TeV | 88x 10710 6.0 124.1GeV | 2.8x 1073 4.0
combined 27 %1071 6.6 1243GeV | 5.7x107° 4.4
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H —Z7* — 4l

2InA

results
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@ The profile likelihood as a function of my
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H —Z7" — 4l spin
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H —WW* — Ivlv: selections

@ Analysis performed in 4-channels:

o Different flavor: ey, ue
o Same flavor: ee, uu

e Split by jet-multiplicity: 0/1/>2
@ Discriminating variables:

o pry, my, Ady, mr

o Leptons:
o Exact two leptons. pr > 25,15 GeV
o Missing Er, charged track MET:

o Relative to leptons and jets. Track MET only in same flavor channel
o MET rel > 25 GeV(DF), > 45 GeV(SF)
o Track MET rel > 45 GeV(SF)
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H —WW* — Ivlv: selections

o Topological selections:

o my >10 GeV(DF), > 12 GeV(SF)

o my < 50 GeV(Njer =0,1), < 60 GeV(Njer >2)

o AP <18

0 93.45 < m7 < 125 GeV for Nt = 0,1. mr < 150 GeV for Nje; > 2

o Z— 77 veto for Njes = 1,> 2

Number ofJets MET rel

ATLAS Prellmlnary ;W"wj’ gf&‘z{vfy“’i

(5=8TeV,[Ldt=207f6" i [JsingeTop

B Zoes [ Weies
125 G

108 ATLAS Prellmlnary ;Dﬂ'a z;MZ(ZmM

[ aTevJLm 20716" i B SngeTop
I Zejers [ Weies

Howw Sevpviuvey HoWW Sevuviuvey + 0/1 jets O Hi125 Gov)

Events /5 GeV
Events /10 GeV

s £ [GeV] m[GeV)
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H —-WW* — Ivlv: backgrounds

o W+jets : C.R + "fake factor”

. . W+jets control region to determine
Estimated W+jets background N‘d o normalization (Observable)
id obj

N one id(from W)+one fake = X N one id(fromW)+one anti-id
anti-id obj

Fake factor(Observable)

WW C.R

F T T T T T T T g
E i 4 Data % SM (a0 sa) ]
E ATLAS Preliminary & oW 5 wzzowr 4
F Vs=8Tev.[Ldt=2071" i  [JSngeTop
C o B zies 0 Weiets E
E Howw Sevaviuvey + 0 jets miscey ]

500

@ WW and Top : MC prediction is
normalized using data C.R.

400

Events / 10 GeV

300

(4] Z-|-jets > TT CR: frecoil 200% E
e Di-bosons(WZ/W~* /W~ and 100f .
ZZ) : USing MC' 0;0 100 150 200 250 300 350 400 4’0
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H —-WW* — Ivlv: mt

0 ets 1 jet >2 jet

> T T T T T > 1a0F T T T T > T T T

2 i at (sys ® stat @ i ata % (sys @ st o "

8 s00f ATLAS Preliminary gow Zeers 8 ATLAS Preliminary 2o Z000n0 s 8 ATLAS Preliminary

2 G-sTe [ Lot-20700" Oa Sorers 2 1205 E-sTev [Lat-207' O Somers 8 s=8TeV, [ Lot =207 10"

2 2505 HoWW Sevuvivey + Ojets Hiros cev 2 HoWW sevvivey + 1jet o B 1t ies ceu P HoWW Sevpviivey +2 2
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5 5 5

g 3 g - Dma 2 W sys stal)

w w w W ww [ wzzzwy
Ou [ single Top.
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o Different flavor results are shown

o Data well agree with the expectation including 125 GeV Higgs signals
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H —-WW* — Ivlv: systematic uncertainties

Table 13: Leading uncertainties on the signal strength u for the combined 7 and 8 TeV analysis.

Category Source Uncertainty, up (%) Uncertainty, down (%)
Statistical Observed data +21 =21
Theoretical Signal yield (o - B) +12 -9
Theoretical WW normalisation +12 -12
Experimental Objects and DY estimation +9 -8
Theoretical Signal acceptance +9 -7
Experimental MC statistics +7 -7
Experimental W+ jets fake factor +5 -5
Theoretical Backgrounds, excluding WW +5 -4
Luminosity Integrated luminosity +4 -4
Total +32 -29
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H —-WW?* — Ivlv: results
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@ An excess of events over the expected background is observed for
my < 150 GeV with the largest significance of 4.1 standard
deviations (p0 = 2x1075) at my = 140 GeV

@ The signal significance at my = 125 GeV is 3.8 standard deviations
(p0 = 8x107°)
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BENSSS——
H —-WW?* — Ivlv: spin
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BENSSS——
H —-WW?* — Ivlv: spin

@ BDT output distributions in the signal region
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H —-WW?* — Ivlv: spin
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H —Zv — llv: selections

@ The Higgs boson decays to Z+ via loop diagrams similar to H — ~~

@ 2 (same flavor and opposite sign) isolated leptons,
pT >10 GeV and my > mz - 10 GeV

o 1 isolated photon, ET >15 GeV and AR, > 0.3
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H —Z~v — llv: backgrounds

% E T T ] %} T T
8 10001~ ATLAS Preliminary | © 1200 ATLAS Preliminary
é 8001 H—Zy,Z—ee b % 1000} H=Zy,Z—u
o n Im =207 10" ] o r JLd( =207 10"
r .z b 800~ [ k2%
600~ B Z+jets 3 [ W Z4ets
r e b 600 W . Wz
400 bkg uncertainty | E bkg uncertainty
[ —— (5=8TeVData | F —— (5=8TeV Data
[ ] 400F
2001 E 200f
250 300 250 300
my, [GeV] my, [GeV]

@ Use MC to estimate tt + WZ backgrounds

e Data-driven background decomposition (photon ID vs isolation) after
subtraction of tt + WZ to disentangle Z4~ from Z+]
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H —Zv — llv: results
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MELA

o JP — MELA discriminant defined as:

P _ P(Ho)
J7 = MELA = P(Ho)+?3(H1)

P(Ho) — probability density function of H; hypothesis including
detector/selection effects

Compute exact probability for a spin-CP state for each event

Detector acceptance cancels in the ratio
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