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* Motivation & overview
* Measurement of resonance mass

-H=> y,H>ZZ > 4l

- combination
« Measurement of signal strength

-H-> yw,H>ZZ > 4,H > WW > Ivlv

- signal strengths in different production modes
o For coupling combinations, see G. Facini’s talk in Higgs 2 parallel session
 Spin/CP (JP) discrimination

-H-> ywH>ZZ > 4,H> WW > Ivlv

- combination

e Summary & outlook
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@ Motivation & overview

« We have found a new boson in the search for the SM Higgs
« So far confirmed it in the 3 bosonic decay channels: yy, ZZ and WW

« We can already start measuring its properties in these channels

- mass, couplings, signal strengths in various production modes: measure and
compare to expectations from SM
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« The LHC has given us enough data
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Measurement of resonance mass
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@ Mass from high-resolution channels
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» Use mass m as the parameter of interest in likelihood, fit to data
- signal strength u (=c/cq),) IS a free parameter
 Best-fit mass
H-> yy: m,, =126.8+0.2(stat) = 0.7(syst) GeV
H - ZzZ > 4l: |m, =124.3"2(stat) 23 (syst) GeV.
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@ Mass: combination of yy, 41 channels
* From combined fit: |m,, =125.5+0.2(stat) = 0.5(syst) GeV

ATLAS-CONF-2013-014
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+  Mass difference Am,(yy— 4l) = 2.3725(stat)+ 0.6(syst) GeV

« What is the probability that both channels see the same resonance?

prob(Am,=0) = 1.5% (2.4c) using ensemble tests
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Measurement of signal strengths
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Signal strength uggFmeB/BSNI

- Overall signal strength 1 (=c/c¢),) at 126.8 GeV:|1.65+ 0.24(stat) 3% (syst)

« Compatibility with SM expectation: 2.3c
« At combined mass of 125.5 GeV, x£:1.6 +0.3

 Signal strength is high in all production modes, although consistent with
SM expectation in VBF and associated production modes

- can imply presence of new particles in decay loop
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H->ZZ - 4l

» Overall signal strength sz at 124.3 GeV:l.?fg'_f’1
« At1255GeV, 1£:15+04

Signal strength by production mode at m, = 124.3 GeV

Measured value
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| 2> WW = Ivlv

ATLAS-CONF-2013-030
« Overall signal strength ¢ at 125 GeV: 1.01+0.31

« Excellent agreement with SM!

Signal strength by production mode at m, = 125.0 GeV

Hyge X BIBgy Mypr+vr X B/Bgy

Measured value 0.82 + 0.24(stat) + 0.28(syst) 1.66 + 0.67(stat) + 0.42(syst)
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Spin/CP discrimination
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H->ZZ - 4l

4 charged leptons > most sensitive

10

| ATLAS Prelminary
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2* can produced via ggF or gg annihilation

- agnostic to production model - do analysis
for 5 gg/qq = 2* fractions in interval [0, 1]
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Boosted Decision Trees (BDTs) used to o Fraction (%)

maximize sensitivity

BDT analysis 0 excluded at 97.8%
tested J* for tested O* for CL
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expected | observed observed® e All 2F hypotheses
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> 0
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27 | po 0.0053 0.25 0.034 0.258
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H->yy and H > WW = lvilv

ATLAS-CONF-2013-029 ATLAS-CONF-2013-031
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 In both channels, data agree closely
with SM signal hypothesis
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ATLAS-CONF-2013-040

Combination of J* = 0* vs 2* analyses
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Conclusion & outlook

Measurement of properties of new boson in ATLAS using Run | dataset
presented

- current focus is on bosonic decay channels: yy, ZZ and WW
Mass from combination of yy, ZZ channels:

125.540.2(stat) + 0.5(syst) GeV

- error on mass already <1%, and systematically limited

Overall signal strength in WW channel very SM-like; high in ZZ, but still
statistically limited

Signal strength in yy channel is high, consistent w/ SM expectation at 2.3c
Spin/CP analyses done in all 3 channels
JP = 2* excluded at >99.9% CL, J° = 0-and 1*~ excluded at >94% CL

This boson is looking very SM-like, but confirmation in fermionic channels
crucial (D. Jamin’s talk in this session)
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Systematic uncertainties in H - ZZ - 4l

Mass measurement

Decay modes involving electrons (4e, 2e2.): electron energy scale
uncertainty is main contributor

- 0.4% (0.2%) on measured mass in 4e (2e2.)

Decay modes involving muons (44, 242€): muon momentum scale,
resolution uncertainty are main contributors

- 0.2% (0.1%) on measured mass in 4 (212¢€)

Signal strength measurement

Decay modes involving electrons: electron ID and reco efficiency

- at m,, =125 GeV, impact is 9.4% in 4e, 8.7% in 2e2u, 2.4% in 2ui2e
Decay modes involving muons: muon ID and reco efficiency

- impact is 0.8% in 4e, 8.7% in 2e2u, 2.4% in 2u2e

L Kashif LHCP, May 2013
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Systematic uncertainties in H = yy

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

8 TeV data.

Systematic uncertainties

Value(%)

Constraint

Luminosity
Trigger
Photon Identification
[solation
Photon Energy Scale

Branching ratio

Scale

PDF+a,

Theory cross section on ggF

+3.6
+0.5
+2.4
+1.0
+0.25

+5.9% — £2.1% (my = 110 - 150 Ge V)

ooF: +7.2 VBF: fg%

—7. 2

.+ . +3.8
ZH: 73 ttH: 753
eeF: 165 VBF: 33
ZH: £3.6  ttH: 7.8

Tight high-mass two-jet:
Loose high-mass two-jet:
Low-mass two-jet:

- +0.2
WH: "¢

WH: £3.5

H H H
T N T
o s o]

—
o

Log-normal

Asymmetric
Log-normal

Asymmetric
Log-normal

Asymmetric
Log-normal

Log-normal

L Kashif
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Systematic uncertainties in H 2> WW - Ivlv

Table 13: Leading uncertainties on the signal strength p 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 -3
Theoretical Backgrounds, excluding WW +5 —4
Luminosity Integrated luminosity +4 —4
Total +32 —29
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Probability of background-only hypothesis
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Best-fit 1z vs mass
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 Poor mass resolution in H>WW = Ivlv

« Agreement with yyand ZZ within 95% CL
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Spin discrimination in H = yy
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L Kashif

subtraction of the different profiled bkg
shapes in the case of the conditional 0*
and 2* fits. The expected PDFs for the
two cases are overlain. The cyan band
shows the systematics on bkg modeling.
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Bkg-subtracted BDT distributions in H > WW = Iviv
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Spin toy distributions in H 2> WW - lvlv

foq=0

log(L(H JL(H,))

= 0.5

log(L(H JL(H,))
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Spin analyses: statistical treatment

» Same statistical methodology used in individual channels and in

O

L Kashif

combination

Likelihood defined with the fraction of J® = 0* signal as the parameter of
Interest ¢

P“'Fh ins N sy
Le.6)= | | PNie-ST@®) + (1 - e57(0) + &) x | | A0
' J
Since have no knowledge of 2*  production cross-section, signal
strength « Is a floating parameter in fit

The test statistic q is defined as a ratio of likelihoods
L(g 1,0 1)
L(g 0,0 6._)

Distributions of test statistic obtained using toy MC

- in toy generation, number of signal and bkg events in each channel is
estimated from a fit to data, with all nuisance parameters profiled
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Spin analyses: p-values and CL,

For illustration
Spin-2 rejection test:

osset Sl hypothess obtain expected p-value by integrating over
""1 rj&:f’:{ . 1 tail of the blue (2*) distribution to the right of
T the median of the red (0%) distribution

E{li""b

5. I- =3
[11]

L] -- .
. .'=-
=
=
]

obtain observed p-value by integrating over
same tail, but this time to the right of the
observed test statistic (black vertical line)

T, Spin-0 rejection test similar, with the

PBS6 MBS0 S 0 5 10 155025 direction of integration reversed

I:}g{L(H ‘.uLfH‘J‘J

« To avoid spurious exclusion of a hypothesis owing to fluctuations in data,
normalize p-value using a CL approach

L Kashif

po(J¥ = 2%)
| — po(JP = 0%)

CL(JF =2%) =
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The 2* model

The amplitude for the interaction of a general spin-2 particle with gauge
bosons is:

‘4{-}( s 1,1,\] _ ;"5.__1 [QQEE]‘L}W}PRI ,r.rc:fmz Loy 4+ }gqu,mx q:t fxl ,r.m:f*Z .

=1 =0
(2) q =1, g =D gy [2]';r q +1 a3 p*(2)
+Q3 1,— f f ,uct f * f,uo:\J + ,"_:}' q!L r.ltsz a3

2 * *1! ia =14 & Lo q
—|-TT1%- (Qgrz t.t”f"‘f g '-‘! +2§rr2 qﬂﬁa l‘.l”*' [Ell '521 - 'El EEJ ]|+§’::2 qaﬁ t.lfJ’ElEE)

(2)
"y 10 f‘;:ccq

i},u E}:,—

=1,/ g*l 2] .2
t,u:zzf - f +§’_| l','#.:[q Epv pa €

+1-:r!:2 €pvpeq”’q7 (€17 (qes) + EE”’(@E’I]}]

(Y. Gao et al., Phys. Rev. D 336 81 (2010) 075022, http://arxiv.org/pdf/1001.3396.pdf)

L Kashif

At least 10 couplings - large number of possible models depending on
which couplings are non-zero

In our case, all 3 channels use a simplified scenario
- for gg production of 2*, all couplings except g, are zero, withg, =1

- for bosonic decays, g, = g: = 1, all other couplings zero
- for qq production, only p, = 1 in Eqg. 10 in above reference

LHCP, May 2013
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http://arxiv.org/pdf/1001.3396.pdf

@ ATLAS-CONF-2013-013

« 4 charged leptons = most sensitive
channel for JP discrimination

« 6 JP hypotheses tested: 0%, 0-, 1+, 1-, 2+, 2-
« 2*can produced via ggF or gg annihilation

- agnostic to production model - do analysis
for 5 gg/qq = 2* fractions in interval [0, 1]

 Selected events in range 115 <m,, < 130

GeV used

H-> 7z > 4l

« Boosted Decision Trees (BDTs) trained to

maximize sensitivity

—

-®,0,,0,, m,, my, used to train BDT for 0*

vs O- discrimination

- for other hypotheses, ®, and 6* used in

addition

L Kashif
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of
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1

ATLAS Preliminary

sayns
_ [l Background zZ" )
o0l B Background Z+jets, tt  H—ZZ '—4l - -
Signal (mH =125 GeV) .
1s=7 TeV:JLdt=4.6 fo' ]
15=8 TeV:/Ldt = 20.7 fb' ]

- —F=0

BDT Discriminant
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H > ZZ - 4l (cont’d)

w T ‘ L I T T 1 | T T T I ’_\‘_ 107 T T T I T : .l | T T T I T T T
2 - o ] T | ATLAS Preliminary ]
£0.25- ATLAS (*I)Drellmlnary —Data - 3 glH - 77" s a) eData Spin 0
L - . ] = — —
B H—ZZ " — 4l Signal hypothesis ] IC’ [ \s=7TeV: ILdt —46fp"  Signal hypothesis (RC; ]
L _ . _ -1 _ ~
0.2 \s=7TeV: [Ldt=461b (m =125 GeV) g gl Vs -8 TeV: _[Ldt 207 b W -0 |j2c__
- \s=8TeV: [Ldt=20.7fb" JP -0t D I . N ]
i TV, T ] o L BDT analysis i
- BDT analysis __ P oA - H—om
0.15[ A ~dy =0 7
1

|
|
0.1 i | ]
Do
0.05- N -
9% S0 5 o 5 10 15 0 25 50 75 100
log(L(H )/L(H) qq Fraction (%)
BDT analysis
tested J7 for tested O* for * 0 excluded at 97.8% CL
an assumed 0* an assumed J© | CLg N
expected | observed observed® + All2 hypOtheSiS
0 | po | 0.0037 | 0.015 031 0.022 excluded at >83% CL
1" | po | 0.0016 0.001 0.55 0.002 SM si ..
. signal hypothesis is
1= | po | 0.0038 0.051 0.15 0.060 ¢ ‘Ci’ f ypd. I
2* | po | 0002 | 0.079 0.53 0.168 strongly Tavored in a
2= | po | 0.0053 0.25 0.034 0.258 Cases
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L Kashif

ATLAS-CONF-2013-029
JP = 0% vs 2* discrimination analysis

Five 2* production models tested, as

In ZZ channel

Spin: H -

Two variables used to separate signal

from bkg, and to test J° hypotheses:
- yy Invariant mass, m,,

- polar angle distribution of photons

with respect to z-axis of Collins-

Soper frame, |cosO*|

Only 8 TeV data used

2* hypothesis with 100% gg

fraction rejected at >99% CL

Data prefer SM signal hypothesis

= 7 — T T T T T T T T T T
S b ---e-- Expected, J’ = 0" (SM) 7
= - ---e--- Expected, Jf = 2* ]
; 8:_ —e— Observed E
= 6 N 1o =
af- t2o =
A+ E
O —mmm s T E
2f e o 3
_4Z_ATLAS Preliminary e
- 2012 5
O [Ldt=20.7 b, {s = 8 TeV E
| AR T TR S IR TR T R R SR R S 17
®70 20 40 60 80 100
f (%)
: Spin p-values (%) B niy o
Jaa (%) hypothesis | expected | observed [-CLs(2) (%)
0" 1.2 58.8
0 2T 0.5 0.3 993
0+ 6.3 60.2
N .
2 2" 5.3 3.1 92.2
0~ 243 75.2
5
0 2" 234 1.9 08
0" 29.4 88.6
7> 2" 28.0 34 70
0" 14.8 79.8
100 2" 13.5 2.5 88
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Spin: H 2> WW - Ivlv

ATLAS-CONF-2013-031

= AL B L L B
. .. ; . T - ATLAS Preliminary eData Spin 0]
« JP=0%vs 2* discrimination analysis T pofH—> W > evvivey  Signal hypotness 116
T° [ \s=8 Tev,det =20.7 b’ ° Jf,o =0" [2o]
« 2 BDTs trained = 150 «f=2
o

- one BDT to separate 0* signal from bkg,
the other to separate 2* signal from bkg

- 2D BDT output fit to data

« Training variables: A¢,, m;, pT,;, My

mr = \/(_E‘;’F + EEP""S}2 - |p§rf + EEF“‘SP

 Different lepton flavor, 0-jet channel used Jaa 1-CLs (25,)
. 100% 0.99
- only 8 TeV data used at this point
75% 0.99
« 2% hypothesis rejected at 95% CL or better 50% 0.98
In all cases 25% 0.97
* As in the other two channels, data prefer V% 095

SM signal hypothesis
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