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Higgs Boson Production at LHC

Gluon-gluon fusion gg—>H and vector-boson
fusion gg—->qgH are dominant
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@125 GeV: o, =19.5 pb, 7,,. =1.6 pb,
o, =0.70 pb, 0, =039 pb, 5, =0.13 pb
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Inelastic pp cross section at 7 TeV is ~ 60 mb




Higgs Boson Decay

Higgs decay branching

ratio at my=125 GeV
»bb: 57.7% (huge QCD
background)

»WW: 21.5% (easy
1dentification in di-lepton
mode, complex background)
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»1T: 6.3% (complex final states
with T leptonic and/or hadronic
decays)

»77%:2.6% (“gold-plated”,
clean signature of 4-lepton,
high S/B, excellent mass peak)

»vy: 0.23% (excellent mass
resolution, high sensitivity)
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Higgs boson production rate:
1 out of 10*2 collision events




ATLAS Data Samples

1 7 TeV data samples (2011)
—4.8 tb"! for physics analysis

— Peak luminosity 3.6 X 1033cms-

1 8 TeV data samples (2012)
—20.7 fb! for physics analysis

— Peak luminosity 7.7 X 1033cms

] Data-taking efficiency: ~94%
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Major Challenge

1 Large pileup events result in big challenge to the detector,
reconstruction and particle identification !




Higgs =2 ZZ* 2 4/

QE‘ATLAS
EXPERIMET’I

The gold-plated channel over a wide range
of potential Higgs mass.

Clean signature:

- 4 isolated leptons, full reconstruction;

- Mass peak over backgrounds, good mass
resolution.

Small backgrounds:
Irreducible SM ZZ* production
and reducible Z+jets, top, ...

But even smaller signal rate: ;

@125 GeV BR(ZZ — 4()=0.45%, BR(H — ZZ*) =2.6%

= 0, xBR(H > ZZ - 4()=2.6 fb

Selection efficiency to the 4t power of lepton efficiency:

0.74~ 0.25, 0.8* ~ 0.41 = critical to improve lepton selection!
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Impact of the FSR Correction
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(a) Impact of the FSR correction on the mmvariant mass of the Z (b) Comparison of the invariant mass spectra of
boson candidates. Z — pu candidate events without and with recon-
structed FSE. photons after FSE correction.

* Photon energy > 1 GeV
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Estimation of ttbar, Zbb background
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* The control region: four-lepton analysis selection except for
isolation requirements on the sub-leading pair and at least

one sub-leading leptons is required to fail the IP significance

requirement, to suppress ZZ.
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Estimation of ttbar, Zbb background

* Ttbar and Zbb background estimation using a
fit on m,, distribution (2" order Chebychev
polynomial for ttbar, Briet-Wigner line shape
with Crystal-Ball resolution function for Zbb)

it Z+bb

4u data fit  0.141+0.0284+-0.028 2.028 +0.48940.509
4u MC 0.091+0.01240.018 1.030+0.158+0.258

2e2u datafit 0.096+0.0204+0.019 2.102+0.44440.527
2e2u MC 0.107x=0.0134+0.021 0.910x=0.140+0.228
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Summary of Inclusive Backgrounds

7 TeV, 4.6fb™

Method Moriond 2013

4u

Method Estimate

4u

mz fit: Z+ jets contribution  2.340+0.479 +0.587 f
my; fit: ## contribution  0.14140.028 +0.028
tt from et + 0.098 £0.05440.004

m fit: Z+ iets contribution 0.226+0.074+0.0257
my, fit: t¢ contribution 0.028 +0.009+0.012 7
2e2

2e2 U

my fit: Z + jets contribution  0.186+0.061+0.021 7
myy fit: 77 contribution  0.028£0.009 £0.012 7

2.4844+0.4944+0.623 '
0.096+0.020+0.019 F
0.120 4+ 0.066 4 0.005

m> fit: Z + jets contribution
my> fit: ¢t contribution
tt from el +

2u2e OS

2U2e OS

({ +ee OS in (pr.1) bins 52+0440.5"7
fake factor 3.84+0.6+0.6

2U2e SS
({4 ee SS m (pr,n) bins 3.5+£0.6+0.5
fake factors 29403406
3¢+ e average 43+0.61+0.5

3/ 4+ e m pr bins 34+0.7+0.3

¢l +ee OS in (pr, 1) bins 1.840.34+04"
2U2e SS
3/ + e average 2.84+0.4+0.5
4e OS
(l +ee OS in (pr,n) bins 1.4+034+04"7
4e SS
3/ + e average 25+034+0.5

4e OS

8 TeV, 20.7fb! )

H->7Z->4| Search at
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({ +ee OS in (pr.1) bins 3.2+054+0.5"7
fake factors 2.74+£044+04

(f 4+ ee SS 1 (pr,n) bins 24404405
fake factors 2.04+03+0.6

3f + e average 424+05+0.5

3/ 4+ e m pr bins 3.520.7+0.3




a.u. /0.5 GeV

Higgs Mass Resolution
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Simulated Higgs Signal Shapes

0.05

0.04

0.03

0.02

0.01

0.1

0.08

0.06

0.04

0.02

Figure 30: Continuous parametrization in #2z. The signal shapes for 2012 ggF sampled in 1 GeV steps
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M,, of Four Different Final States
(4u, 2n2e, 2e2y, 4e

> > > T >
§20:_ * Data ATLAS Internal §ZO:_ * Data ATLAS Internal §2°§ * Dala ATLAS Internal §2°§ * Dala ATLAS Internal
F ) . F ) . > T ) . L ) .
ZigF Bl Background zzZ _ Ho77' )—>4ll 21aF [l Background zZ _ Ho77¢ ;_)2u2e g1 [l 5ackground Z7 HoszZz 4 Si18F- [l 5ackground z7 Hozz"2u2e
5167 - Background Z+jets, i }116 F - Background Z+jets, i §1SZ_ - Background Z+ets, tf §16 F - Background Z+jets, ft
= D Signal (mH:125 GeV) F |:| Signal (mH:125 GeV) w F |:| Signal (mH:125 GeV) w F |:| Signal (rnH:125 GeV)
145_ %7 SystUnc 145_ %% Syst.Unc 14; 7% Syst.Unc. 14; %% Syst.Unc
12 . 12F- _ 121 _ E .
of B=T7Tev:Ldt=467" of I5=TTev: JLdt=46m" ob I5=TTev: JLdt=461" b [5=TTeV:]Ldt =46 fb"
C [l =8 TeV: |Ldt = 20.7 f E (s=8TeV: Ldt=20.7 fb E (s=8TeV:/Ldt=207f" L {s=8TeV:)Ldt=207 "
- - Lol 8=
2 3 sE ok
i - aF aF
= - 2k 2k
. 100 150 200 0 : 100 150 200 0 foo 120 140 160 90_0 120 140 160
my [Gegf? my, [Ge%? m [GeV? m, [GeV?
(a) () (a) ()
@ooF ZanF Boob BooF
320~ « Data ATLAS Internal 320 = Data ATLAS Internal op * Data ATLAS Internal op * Data ATLAS Internal
Soal ) . Loaf & . ciral [l Back dzz" . irar [l Back dzz" .
z18f- - Background Z7 H—)ZZ( )%28211 Z1af- - Background Z7 H—)ZZ( )—)48 :@13: - ackgroun : . H—)ZZ[ )HZEZH %13: - ackgroun - i H—)ZZ[ )%48
5163_ - Background Z+jets, tt :>.IJ16 E - Background Z+jets, it §16; - Background Z+jets, ft §16 F - Background Z+jets, fi
E []Signal (m =125 GeV) E []Signal (m =125 G&V) '-“145_ |:| Signal (m =125 GeV) '-”ME_ |:| Signal (m =125 GeV)
1E 22 syst.unc 14E 7 syst.unc g % Syst.Unc. g %% Syst.Unc
12 . 12 . 2= . 12 .
105 Vs=7TeV: Ldt=461b" of Vs=7TeV: Ldt=46 " o V5= TTeV: JLdt=4.61b" Wb (s=T7Tev: JLdt=4.6 1"
F s =8 TeV: JLdt = 20.7 fi”! F s =8TeV: |Ldt=20.7 fb" [ s=8Tev: Jdt=20.7 " F {s=8TeV:)Ldt=207 fo"
a8 - E F
oE F 6 B
aE = aE L
o 2t 2F 1
o8 0 %]070 120 140 160 10070 120 1:10 160
100 150 200 i Ge@,]ﬁo 100 150 200 i Gegjso m, G eV‘? m, [G eV]E-
(©) (d) (© (d)

3/3/2013 H->ZZ->4| Search at ATLAS - H. Yang (SJTU) 13



H—>77*>4| mass spectrum
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Single Z = 41 Resonance

Expected quantity 7 TeV 8 TeV
Total cross-section of pp — Z 27.66 x 10° fb 32.24 % 10° fb
20y Phase space cross-section of pp — Z — 4{(e, ut)) 132.04 £ 1.60 fb 153.83 +1.85tb
20/ - Branching ratio of Z — 4{(e, ) (436+022)x 107 (421 £0.21)x 107°
Y
Fiducial cross-section of Z — 4{(e, p) 69.4+0.7fb 792 +0.8 fb
r+ Z— 4e 17.6 £ 0.2 fb 202+0.21b
Z— 2e2u 16.9+0.21b 194+£021
Z — 2u2e 170+ 0.2 fb 19.1+£02 1
e Z — 4u 18.0+0.21fb 204 +0.21b
Simple Gaussian Fit [84-96 GeV ]
4u channel — m4l m4p 4 channel
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Cross Section of Z =2 4/
ATLAS-COM-PHYS-2013-169

Final States

Theoretical cross section

Measured cross section

o (fb) o (fb)

2011 Data -7 TeV (4.6 /671
4e 17.57+0.18 10.56 + 10.40(stat) + 2.15(syst) £ 0.19(Tumi)
2e2u 16.87 +0.17 15.79 £ 6.48(stat) + 1.13(syst) = 0.28(lumi)
2u2e 17.00 +£0.17 27.26 + 12.45(stat) + 3.84(syst) + 0.49(Iumi)
4u 17.99 + 0.18 12.57 £ 4.38(stat) £ 0.39(syst) = 0.23(lumi)
Combined 69.44 + 0.70 66.18 + 7.15(stat) = 7.15(syst) + 1.19(lumi)

2012 Data - 8 TeV (20.7 fb™ 1)
de 20.25+0.24 17.56 + 4.87(stat) + 3.97(syst) = 0.49(lumi)
2e2u 19.40 £ 0.23 20.73 £ 3.09(stat) =+ 1.45(syst) £ 0.58(Iumi)
2ule 19.10 £ 0.23 14.06 + 3.76(stat) + 2.05(syst) + 0.39(Iumi)
4u 2042 +0.25 20.81 + 2.5 (stat) + 0.66(syst) + 0.58(lumi)
Combined 79.15 £ 0.95 73.16 = 7.32(stat) + 7.52(syst) + 2.05(lumi)
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H—>Z77*—>4/ Events Selection

* The number of expected Higgs signal and
background events for 4/ mass ina =5 GeV

mass window around 125 GeV, for 7 TeV
and 8 TeV data.

Signal VAN Z +jets. tr  Observed
41 6.30x=0.81 2.82x0.13 0.49=x0.14 13
2uze 3.00x=043 137011 0.77=x0.12 5
2e2u 391051  2.054+0.10 0.533=x0.14 8
de 2.491+0.36 1.14x0.11 0.55=x0.15 §
Total 15.71+2.11 7.38+£045 2.35+0.27 32
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Significance of H>Z7Z*—>4/

Dataset myg(minpy) [GeV] min py Signif [0] expected py exp signif [0]
2011 125.6 2.5e-03 2.8 3.7e-02 1.8
2012 124.1 1.1e-09 0.0 3.0e-05 4.0
. _ A - -
Combined 124.2 2.9e-11 6.6 5.7e-06 4.4
D1 05 L | rrr | rrr | rr | rrr | PrTT | rr [an] 5 N T T 1 T T T T ' T TT1 T T T T T
c—i' , T Obs. 2012 ATLAS Internal %10 | | A|TLASIr|1ternaI|
IO g o@oa 2 BT ez
"""" : Ldt = 20.7 fb" 2 — o < -
Obs. 2012 (s=7 TeV: |Ldt =4.6 fb
10 Exp 2012 Iy V5=8 TeV 10k ==y Expected | 2 3
1 O'E N % 10E ol
10‘~°E S 10% é%
=E “v 2 4o ] e E
105§ é 10_55 ..‘:346
10°° 260 10°% ER
W T e O ]
5 : 3 i o
10-13E||||||||||".|||||||||||||.'|||||||||E 10-1SE|||||||||-'1|||||||||||||.‘=|||||||||E
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my [GeV] my [GeV]
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Best Fitted Higgs Mass
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Signal strength (u)

H-—>Z7Z*->4l Signal Strength vs. Mass

Channel Mass [GeV]
Combined 2011+2012  124. 23“3' (’(stat)Jr J(syst)
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Higgs 2 7Z.2* 2> 4/

1 Higgs has two types of couplings

— “Gauge” couplings (to bosons)
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1 Explore tension between SM value and observation from
different Higgs production modes: Wypripy VS. Hoopitn




Signal Strength for ggF and VBF Productions

4 1D projections on the p, g, gy and pype vy With my fixed as

1ts best fitted mass.
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H->77*->4l : Spin and Parity

U Fully reconstructed final state allows measuring Spin/CP;

— Five kinematic angles (production, decay)
— Invariant mass of the primary Z and the secondary Z

1 Discriminate 0* (SM) hypothesis against;
— 0" (CPodd), 17, 1

— 27 (pseudo-tensor)

— 2" (graviton-like tensor, minimal coupling)

w EU_I TT | TTT TTT I TTT I TTT I TTT | TTT | TTT | TTT I TTT] w 20_I TT | 1T TTT | TTT I TTT I TTT I TTT I TTT | TTT | TTT] wl 20_I TT I 1T TTT | TTT | TTT I TTT I TTT I TTT I TTT | TTT]
18] I D'ath P ] 18] [ = Dath PR ] o [ = Da[h P J
. C ATLAS Prel ] . C ATLAS Prel ] - C ATLAS Prel ]
= 18] [l Background 22" e :Tlnﬂw__ = 18- Il Background 72" © :Tmaw—_ £ 18F il Background 72" re :Tmaﬂ’__
w 1 6F- Il Background Zujets, tf H-Z7 '—4 1 W 165 Il Background Zsjets, tf H-Z7 '—41 1 W 165 Il Background Z+jets, tf H-ZZ' -4l 1
- Signal(m =125GeV) |Ldt=20.7 fb"] - Signal (m_-125GeV) |Ldt=20.7 fb" ] - Signal(m_=125GeV) |Ldt=20.7 fb" ]
r_ _ ] L pP_ ] L pP_ .
tar ____§=gf is=8TeV 1 14 o jp_?j is=8TeV 14 o jp_?: s=8TeV |
12F - . 12F - 3 12F - 3
10 3 10F 3 10F =
8F ] 8- E S :
BF . 6F 3 6F - =
4 A ] aF et . aF | E
2: u °F _-! E 2:_ ___:I ] E

0 0 0

1 -1-0.8-06-04-02 0 02040608 1 -1 -0.8-0.6-04-02 0 020406 0.8 1

BDT Discriminant BDT Discriminant BDT Discriminant




H->77Z*->4l : Spin and Parity

J Two multivariate discriminants used:

— Boosted Decision Trees (BDT)
— Matrix-Element calculation for each spin / CP (JP-MELA)

(73] T T I T T w T T T I T T T T | T

2 10p '« Daa " ATLASInternal] 2 101« Data | ATLAS Internal‘ .g [+ Data | ATLAS Internal

€ [ Il Background ZZ"' ] £ [ Il Background ZZ"' ] £ 1 2—- Background ZZ"' :

W | Ml Background Z-jets, ff _H—?-ZZ‘ —4l | W | Il Background Z+jets, ff Hozz'sa ] 4O T Background Z+jets, ff H—>ZZ a4l ]
8 Signal (m, =125 GeV) |Ldt = 20.7 fo ] 10F  Signal (m =125 GeV) |Ldt - 20.7 fb™]

03

- Signal (m_=125GeV) |Ldt=20.7 b’
L — -0 s=8TeV 1
—F=0 i

J— P + —
L Jp=ct '||S BTeV' : I JP=D HS:BTBV :

1 % 02 04 06 08 1

08 1 % 02 04 06 08
J-MELA Discriminant

L 1
%02 04 06
J-MELA Discriminant

J-MELA Discriminant

=>» Data strongly favour 0* vs 0-:
0 hypothesis is excluded at 98.7% C.L., (2.26 ,expected 2.17c)

=>» 0% vs 1* : observed separation 99.9% C.L. (3.05c, expected 2.31c)
=>» 0*vs 1 : observed separation 99.6% C.L. (2.660, expected 3.860)
=>» 0% vs 2" : observed separation 78.7% C.L. (0.8c, expected 2.090)

=>» 0*vs 2% is excluded at 92.7% C.L. (1.450, expected 1.090)
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Contributions to ATLAS Physics Analyses

H—>2ZZ->4l Mass, Signal Strength, Spin, Parity etc.
» ATLAS-COM-PHYS-2013-144
» ATLAS-COM-PHYS-2013-145
» ATLAS-COM-PHYS-2013-146

Z-> 4l Single Resonance Cross Section and BR
» ATLAS-COM-PHYS-2013-169
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Plan of SJTU Group

Muon New Small Wheel Detector Upgrade

(collaborate with USTC, SDU and UM)

» Development of sTGC segment finding algorithm
including simulation, look-up table preparation and
performance studies

» Participation in NSW test beam experiments to study
new detector performance and signal characteristics

Liang Li is visiting CERN from March 2 — May 25 for EE
chambers installation and NSW simulation work.
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ATLAS NOTE

February 17,2013

Updated results and measurements of properties of the new Higgs-like
particle in the four lepton decay channel with the ATLAS detector. Spin
and CP measurement.

C. Anastopoulos], M. AntonelliM, Ludovica Aperio Bellalg, 0. Baker35, E. Benhar
Noccioli'?, S. Borroni®, K. Brendlinger24, P. Catastini*', L. R. Flores Castillo’, T. Cao®,
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ATLAS NOTE

February 17. 2013 ~/2L7

Updated results and measurements of properties of the new Higgs-like
particle in the four lepton decay channel with the ATLAS detector. Mass
and signal strength measurement.

C. Anastopoulos', M. Antonelli**, Ludovica Aperio Bella'®, O. Baker®®, E. Benhar
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ATLAS NOTE
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Four lepton decay channel with production mechanism specific
signatures: study of the Higgs-like particle at 125 GeV and searches for
additional resonances.
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Cross-section measurements of Single Resonance Z — 4( in pp collisions
at 7 TeV and 8 TeV with the ATLAS Detector
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Plan of SJTU Group

Physics Analyses:

Search for Higgs via H=>7Z*—>4l final states

Determination of Higgs spin and CP using H>Z7Z* >4l
events

Cross section measurement of single resonant Z—>4l
Cross section measurement and aTGC (WW, WZ, Z7)
Search for new physics using diboson final states
Precise measurements of Single top quark production

New physics search related to top quark production and
properties
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Fit of 4/ Mass Distribution

* Fit using a Breit-Wigner line shape convoluted
with a Gaussian distribution

> 40

[4h]

0,

2 30

o

=

L
20
10

3/3/2013

BWi(x, Mz.17)* Gauss(x, myr. o4ar)

| ATLAS Internal
[ Ldt = 20.6 b

T Vs=8TeV
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Selected H =2 ZZ* = 4| Events

3/3/20

iyt eell 1 eeee
Lowmass  Highmass  Low mass High mass Low mass  High mass
Luminosity 20.7 fb! 20.7 fb! 20.7 fb~!
AR 28.524+1.27 91.5346.65 24.56+1.50 141.83+10.82 11.47+1.13 55.21+4.43
Z, Zblj, and 11 1.88+0.62  0.56+0.18  5.00+1.17 1.43+0.34 2.11+£0.70  0.59+0.20
Total Background 30.40+£1.42 92.09£6.65 29.56+1.90 143.26+10.82 13.59+1.33 55.79+4.43
Data 40.00 93.00 40.00 169.00 20.00 55.00
mg =123 GeV 4.44+0.60 5.44+0.78 2.26%+0.35
mg = 125 GeV 5.8840.75 6.99+0.94 2.82+0.41
myg = 127 GeV 6.71+0.90 8.46+1.20 3.40+0.52
myg = 130 GeV 8.74+1.11 11.48+1.55 4.54+0.66
myg =400 GeV 13.08+1.66 22.90+3.10 9.61+1.42
myg = 600 GeV 2.6840.33 4.83+0.63 2.0440.29
LU eell Ul eeee
Lowmass Highmass Lowmass Highmass Low mass High mass
Luminosity 4.6 fb! 4.6 fb1 4.6 fb!
77 5.30+0.24 16.64+1.20 4224026 26.27+199 15440.15 9.24+0.74
Z,Zbb,andtr  0.41+0.14 0.13+0.04 1.114£026 0.324+0.08 0.474+0.16 0.134+0.04
Total Background 5.72+0.27 16.77£1.20 5.334+0.36 26.59+1.99 2.01+0.22 9.37+0.74
Data 11.00 23.00 7.00 23.00 3.00 13.00
myg = 125 GeV 1.06+0.14 1.13£0.15 0.39+0.06
my = 400 GeV 2.11+0.28 3.614+0.50 1.4440.21
my = 600 GeV 0.40+0.05 0.71+0.10 0.31+0.05
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Is it the SM Higgs ?
=> Verify the new observed particle gumpr
v’ Spin-0 particle mﬂm

e Spin-1: excluded by H>yy im0 © © © O
* Spin-2: look at angular correlation spin1 @ © © ©
ssin2. © © 6 ©
4 CP-nature Seen? Yes Yes Notyet Notyet
e SM Higgs CP-even, extended Higgs sectors has CP-odd or mixed

states
 Look at angular correlations

v Couplings
* Gauge / Yukawa couplings = g, 8y o< M
* Unitarity in W W/ scattering = g,ywy & My

 Higgs self-couplings, determine shape of Higgs potential via
trilinear and quartic couplings, V = u2|®!2 + L | ®|* + constant
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Higgs Production Cross Section and BR

my  o(gg—H) o0laq'—+Had) 0(aq—WH) o0(aq—ZH) BR(H—ZZ") -4l
[GeV] pb] [pb] [pb] [pb] [10~]
Vs=1TeV
123 158733 1.25+0.03 0.601 00 0.33+0.02 0.103
125 153423 1.2240.03 0.574£0.02  0.3240.02 0.125
127 149422 1.2040.03 0.54+0.02  0.30+0.02 0.148
400  2.05°939 0.18+0.01 - - 121
600 0347002 0.06219003 ~ — 1.23
/5 =8 TeV
123 20.2+3.0 1.61+0.05 0.734£0.03  0.42+0.02 0.103
125  19.5+2.9 1.58 1002 0.7040.03  0.39+0.02 0.125
127 18.9+2.8 1.55+0.05 0.6610-02 0.37+0.02 0.148
400 2921041 0.25+0.01 — — 121
600  0.52°00%  0.097+0.004 ~ — 1.23

3/3/2013

H->7Z->4| Search at ATLAS - H. Yang (SJTU)

37



Higgs Spin and Parity Measurement

Variables sensitive to spin and parity
* Mass related variables: m,,, m,,/m,,, m,,/m

 Kinematics variables

—AR(1;, 1), An(15,1,), AR(Z,, Z,) A
* Angular variables
—cos0,, cos0,, cosO*, ¢, ¢, O,

- 01 and 0, are the angles between negative final state leptons and the direction of flight of their
respective Z-bosons. The 4-vectors of leptons are calculated in the rest frame of the corresponding
Z-bosons.

- ¢ 1s the angle between the decay planes of four final state leptons expressed in the four leptons rest
frame.

- ¢ 1s the angle defined between the decay plane of the first lepton pair and a plane defined by the
vector of the Z; in the four lepton rest frame and the positive direction of the collision axis.

- 0" is the production angle of the Z; defined in the four lepton rest frame.
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Multivariate Method: BDT
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Expected and Observed Exclusions

Tested Assumed
o [ o [ 1 | 1~ | 2 [ 2

0™ 0.015(2.17) | 0.021 (2.02) | 0.708 (-0.55) | 0.138 (1.09) | 0.021 (2.04)
0~ 0.015 (2.17) 0.004 (2.68) () 0.014 (2.20) | 0.038 (1.78)
1™ 0.010 (2.31) | 0.001 (3.16) 0.060 (1.55) | 0.007 (2.46) | 0.001 (3.02)
1~ 0.000 (3.86) 0 0.051 (1.63) 0.005 (2.60) | 0.009 (2.35)
2, 0.137 (1.09) | 0.019 (2.08) [ 0.018 (2.10) | 0.009 (2.37) 0.009 (2.35)
2- 0.018 (2.09) | 0.036 (1.80) | 0.004 (2.62) | 0.017 (2.11) | 0.007 (2.46)

Table 19: The expected exclusion fof different spin and parity hypotheses with respect to each other for
the multivariate analysis. The exclusion is given in terms of p-value with the corresponds number of

Gaussian in parentheses. Result with the nominal binning in m4y. Presented values are for 7 TeV and
8 TeV combined.

Tested Assumed
0 | 0~ 1™ | 1~ | 2, 2~

0™ 0.304 (0.51) | 0.508 (-0.02) | 0.465 (0.09) | 0.536(-0.09) | 0.038 (1.77)
0~ 0.013 (2.22) 0.070 (1.47) () 0.184 (0.90) | 0.201 (0.84)
1 0.001 (3.05) | 0.016 (2.14) 0.000 (3.69) | 0.000 (3.38) | 0.000 (3.41)
1~ 0.004 (2.66) 0 0.944 (-1.59) 0.085 (1.37) | 0.014 (2.19)
2; 0.073 (1.45) | 0.038 (1.77) | 0.571 (-0.18) | 0.046 (1.68) 0.007 (2.44)
2” 0.213 (0.80) | 0.078 (1.42) | 0.368 (0.34) | 0.258 (0.65) | 0.281 (0.58)

Table 44: The observed exclusion for 7 and 8 TeV combined of different spin and parity hypotheses
with respect to each other for the multivariate analysis. The exclusion is given in terms of p-value with

the corresponds number of Gaussian in parentheses. Result with the nominal binning in my4. Presented

values are for the 7 TeV and 8 TeV combined.
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Contributions to ATLAS Physics Analyses

Search for Higgs through H>ZZ—>4l final state
> 4.7 fb'}(7TeV), ATL-COM-PHYS-2012-530
> 3.2 fb1(8TeV), ATL-COM-PHYS-2012-721
> 5.8 fb'}(8TeV), ATL-COM-PHYS-2012-835

> “Observation of a New Particle in the Search for the

Standard Model Higgs Boson with the ATLAS Detector at the
LHC”, Phys. Lett. B 716 (2012) 1-29

» Current works on Higgs spin and CP measurement

» Higgs Spin/Parity Determination based on BDT,
ATLAS HSG2 MVA Meeting, August 6, 2012

» JHU MC Validation and Higgs Spin/Parity Determination based on BDT, ATLAS
HSG2 MVA Meeting, July 30, 2012
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Modeling Spin and Parity States

 CP-even and CP-odd resonances with spins O,
1, and 2 are considered.

Table 1: Choice of coupling parameters for the spin-0, spin-1, spin-2 models considered in the current
analysis. For the ¢ channel the unique choice of coupling parameters was made across all the spin and

parity states: g = 1.

JP Production Decay Comments
configuration configuration
0F gg—X: g1=1g=g3=g4=0
0~ gg—X: ga=1lgi=g=g3=0
1™ q3— X: g1=0g, =1
1= gqg— X: g1=1g=0
20 gg—X:g1=1 g =g5=1 Graviton-like tensor with minimal couplings
20 gg—X:g1=1 g1=g5=1 Graviton-like tensor with minimal couplings
27 ge—X:g1=1 gg=go=1 “Pseudo-tensor™
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BDT Training and Test Results

1 About 28K JHU H(0+) and 28K H(0-) events, one half for
BDT training and another half and SM ZZ for test.

TMVA overtraining check for classifier: BDT
v ining ITi TMVA

B' L] L] T L] L] L] T L] L] L] T T L] L] T T L]
_ Sign'al (test saﬂ'lple) I J Signal'[training éample] T

Background (test sample}| « Background (training sample) ]

__Knlmognrnv-smirnav test: signal {background) probability = 0.905 (0.623)

Selection Cuts:

- 50 GeV < MZ1 < 106 GeV

-17.5 GeV <MZ2 <115 GeV

- Lepton pT: 4
pTl>20 GeV, pT2 > 15 GeV,
pT3 > 10 GeV, pT4 > 7 GeV

- |Eta] < 2.5 2

-dR > 0.1 (0.2) for same (different) 1
flavor di-lepton

(1/N) dN/ dx
t

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

-120 GeV < M,, < 130 GeV %06 04 02 0 02 04 06

BDT response




Log-likelihood Ratio and Separation Power

1 Using Binned Log-likelihood Ratio method to determme the

0.14

separation power between Higgs 0+ and 0- 5_ Pseudo Data (10 1”)
d 1M MC trials based on Poisson statistics | e
A Log-likelihood Ratio distributions 7

Higgs(0')

e
o
3]

Probability
=)
&

1 Expected significance vs int. luminosity oo |

Int. Luminosity Significance Significance 0 ils ST _Sjo A 15:
(fb1) (no Zz, BDT) (with 2z, BDT) S = 2In(L(0)/L(0")
01 I L L L L I L L L L | T

Pseudo Data (20 fb™)

10 (N,=6, N,=5.5) 1.97 ¢ 145G o

20 (N_=12, N,=11) 2.74 ¢ 1.98 o -

30 (N,=18, N,=16.5) 3.36 0 2400 E 003
004 |

40 (N_=24, N,=22) 3.85¢G 2.77 6 o0 |

50 (N,=30, N,=27.5) 4.26 3.10 6 o

-3 5‘”'](} ”15
S = -2In(L(07)/L(0)




Higgs Boson Width

» Strong mass dependent = 10°F
y=35MeV@120GeV =
1.4 GeV @200 GeV |

8.4 GeV @300 GeV %

68.0 GeV @ 500 GeV il

LHC HIGGS X5 WG 2010

10%¢

107
» At low mass region (<200 :

dominates mass resolution :

100 200 300 500 1000
> At high intrinsic Ty ~ o0k
lg maSS, INtrinsic H 16%\/5

width becomes dominant M

3
~ 500 GeV - H
1 TeV
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