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Introduction

Higgs discovered in 2012

More work? Measurements on:
Coupling
Mass
Differential xsection
Fiducial xsection
In two photon final state

g ¥
{ W
h == t him W
i W
¥ y
2




LHC and ATLAS detector

Muon Detectors

Point 5
PREE

Data accumulated 2011
7TeV 2012 8TeV 5.2+20.8

ATLAS detector:

Inner detector

EM calorimeter
Hadronic calorimeter
Muon Spectrometer
Magnet system
Trigger

DAQ system
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Measurements:

* Track (ID, MS)
* Energy

* Position of vert
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Objects provided:
* Electron
* Muons

 Photons
* Jets

* Transverse missing
energy (MET) 2




The mass spectrum

_HOW To DRAW A eace !

* Find Higgs?
« 1) At least two photons
 2) well identified and isolated
+ 3) Invariant mass peak!
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What can a mass peak do?

a) compare to the MonteCarlo Event
yields—Coupling

b) Measure the position of mass peak
c) Measure event yields in a
dedicated bins/phase space—
differential measurement
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Categorization

We have the invariant
mass spectrum in
many categories
Instead an inclusive
one

Dedicated for different
physics region,

VBF enriched,

VH enriched,

ttH enriched......

Bring more
complicity
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Diphoton selection
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To measure the

different Higgs

production mode
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MultiVariate Ahaly‘sis in Vector Boson Fusion categories
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a(x)=Fo(x)+Bh(x)

ematic variables

/0.15

0.12
=

e
o

/N dNidan,

0.08

0.06|

0.04

0.02

ATLAS

Ldt=20.3 fb", Vs = 8 TeV — ggF -
Ho>yy, m,, = 125 GeV

L L e s
— VBF

—— YY+¥iHf 1
—+— Data, sidebands ]

o
N

0.14F
0.12
0.1

1N dN/de /25 GeV

0.08F
0.06[-
0.04
0.02f

o)

R PP I B N W o -
100 200 300 400 500 600 700 800 900 1000

An

e e A B e R
= ATLAS 1 VBF

J-Ldt=2o_:3 fb", Vs =8 TeV — ggF =

H Lm,, = 12! vV — YY+ViHI A

L M 5 Ge —— Data, sidebands

s

0

my [GeV]

/005

1/N dN/dO

Treat complicated situation, 2
photon + 2 forward jets
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jets
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Higgs mass and coupling measurement

Fit all categories simultaneously,

immediately we have:

Peer = 1.32 £+ 0.32 (stat.)
= 1.32 +0.38,

pver = 0.8 +0.7 (stat.) 79
=0.84+0.7,

+0.13

000 (syst.) 517 (theory)Signal strength of different
production mode are measured
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Signal strength

The Higgs mass is measured as
well, using data in Higgs to
diphoton and four-lepton channel.

Channel Mass measurement [GeV]

H — yy 125.98 + 0.42 (stat) + 0.28 (syst) = 125.98 + (.50
H— ZZ*— 4f | 124.51 + 0.52 (stat) = 0.06 (syst) = 124.51 + 0.52
Combined 125.36 + 0.37 (stat) = 0.18 (syst) = 125.36 = 0.41




Differential measurement I

Camecfion fackon
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* |. Measure the Higgs boson yields in differential bins by fitting the
data invariant mass spectrum.
« Now we have the Higgs yields distribution NP Corr.
* |I. use bin by bin method to unfold the detector effect.
* This is to remove detector effect, reconstruction level->particle
level

e |Il. Divided by the luminosity, convert event yields to cross section

 Now ready to compare with the theoretical prediction .
Fid. Corr.




Binning and var

Spin C-P variable
Jet activity

VBF sensitive variables
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data / prediction

 Variable Binning Nuins

Nies(pr > 30 GeV)  {0,1,2,2 3) 4

PTyy {0,20, 30, 40, 50, 60, 80, 100, 200} GeV 8 + rest
| {0.0,0.3,0.6,0.9,1.2,1.6,2.4) 6

| cos 6| {0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0} 10

PT jetl {0, 30, 50, 70, 100, 140} 5 + rest
mij {0,200, 400, 650, 1000} iy
HT jers {0,30, 50, 70, 150, 250} 5 + rest
Nis(pr > 50GeV)  {0,1,2,> 3} 4

ijctll {0.0,1.0,2.0,3.0,4.4} 4 + rest
PTje2 {0, 30, 50, 70, 140} 4 + rest
Ad; {0.0,7/3,2x/3, 5x/6, x) FI
Adyy i {0.0,2.6,2.9,3.1, ) 4 + rest

Higgs kinematics
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Differential cross section
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Fiducial cross section
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Fiducial volume
+ 2 photons pryi1(P1v2)/Myy>0.35(0.25)105<myy<160GeV]|



Fiducial cross section results

Fiducial region Measured cross section (fb)
Baseline 43.2 + 9.4 (stat.) __"gg (syst.) £ 1.2 (lumi)
Njets = 1 21.5 + 5.3 (stat.) __"ﬁg (syst.) £ 0.6 (lumi)
Njets = 2 92+4+28 [stat.}f%:g (syst.) £+ 0.3 (lumi)
Nhers = 5 4.0+ 1.3 (stat.) + 0.7 (syst.) + 0.1 (lumi)
VBF-enhanced | 1.68 & (.58 [ﬂt-Elt.}'_"?ng1 (syst.) & 0.05 (lumi)
MNisions = 1 < .80
ERiss = 80 GeV < 0.74
Fiducial region | Theoretical prediction (fb) Source
Baseline 30.5 £ 3.3 LHC-XS [57) + XH
< & B g STWZ [99] + XH
i b HRES [103] + XH
Njets > 1 13.8+1.7 BLPTW [106] + XH
11.7%2% JetVHeto [107] + XH
g5t MiNLo HJ + XH
Niets => 2 5.65 = 0.87 BLPTW + XH
39072 MinLo HJJ + XH
Nijets = 3 0.94 £ 0.15 MinLo HJJ + XH
VBF-enhanced 0.87 + 0.08 MinLco HJJ + XH
Nieptons > 1 0.27 + 0.02 XH —
Ex= > 80 GeV 0.14 + 0.01 XH




- Conclusion

e The measurement on Higgs boson properties benefits from the
two photon invariant mass peak.

* The 2011 and 2012 data taking in ATLAS provided fruitful
discoveries and measurement, including the coupling, mass,
differential and fiducial cross section measrement.

* Looking forward to 2015 data taking and any possible new
physics.
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Back up
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Entries (normalised to unity)

0.04
0.035
0.03
0.025
£ 0.02
0.015
0.01
0.005
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Spin analysis

ATLAS Prellmlnary ]

—— JP=0* (SM) hypothesis
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Nominal MC samples

Process Generator Showering PDF set Order of calculation s o=-[p'7b]I‘eV /5 i[l;b]I‘eV
ggF POWHEG-BOX PyTHIAS CT10 NNLO(QCD)+NLO(EW) 15.04 19.15
VBF POWHEG-BOX Pyruia8  CT10 NLO(QCD+EW )+app.NNLO(QCD) 1.22 1.57
WH PyTHIA8 PyrHia8 CTEQGL1 NNLO(QCD)+NLO(EW) 0.57 0.70
ZH PyTHIAS PyTHia8 CTEQG6L1 NNLO(QCD)+NLO(EW) 0.33 0.41
ttH POWHEL Pytnia8  CT10 NLO(QCD) 0.09 0.13
tHbj MADGRAPH PYTHIA8 CT10 NLO(QCD) 0.01 0.02
tHW  MADGRAPH5_AMC@NLO nerwic++4+  CT10 NLO(QCD) <0.01 <0.01
bbH - - - 5FS(NNLO)+4FS(NLO) 0.15 0.20
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Reference

* Fiducial& differential xsection
http://arxiv.org/abs/1407.4222

* Mass: http://arxiv.org/abs/1406.3827
* Coupling: http://arxiv.org/abs/1408.7084
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