
ATLAS combinations, 
couplings and spin/CP

Richard Polifka
University of Toronto

Higgs Hunting 2015
31.7.2015 LAL Orsay
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• ATLAS, LHC @ CERN

• channel inputs

• mass combination

• couplings 

• κ-framework

• spin CP
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N = L*σprod*Br
• Large Hadron Collider, Geneva (CH) - 

26.7km

• collisions every 50 ns (20 MHz)

• 1368 bunches ~1011 protons -> pile up

• up to 35 simultaneous interactions 
in one bunch crossing

• ATLAS - 4π detector, 44x25m, 7000t
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LRun1 = 25 fb-1
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N = L*σprod*Br

• measured modes:

• gluon-gluon fusion (quark 
(top) loop) - ggF

• vector boson fusion - VBF

• vector boson associated 
production - VH, V=Z,W

• ttbar associated production 
- ttH (direct top coupling)4
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N = L*σprod*Br
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Combined mass
• H->ZZ and H->γγ channels

• H->γγ:

• 10 categories

• data fit:

• Crystal Ball + exponential

• H->ZZ:

• 4 categories (ee, µµ, eeµµ, µµee)
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0.3% precision!

ΔmH = 1.47±0.72 GeV compatible within 2σ

Phys. Rev. D. 90, 052004 (2014)
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-1Ldt = 4.5 fb∫ = 7 TeV s

-1Ldt = 20.3 fb∫ = 8 TeV s

+ZZ*γγCombined 
γγ →H 

l 4→ ZZ* →H 

Best fit
68% CL
95% CL

for details see Eleni’s talk

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052004
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052004
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Couplings Combination

• measurements: H->WW, γγ, ZZ, ττ, bb

• limits: Zγ, µµ, ttH, off-shell (high mass)
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VBF 4.3σ, VH 2.6σ, ttH 2.3σ

arXiv:1507.04548
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The κ-framework

• H: single, narrow resonance with mH = 125.36 
GeV

• decay kinematics compatible with SM

• tensor structure of interactions is the same

• zero-width approximation in the Higgs boson 
propagator, then:

• parameter k represents deviation of 
coupling constants from SM (k = 1 <-> SM)

• evidence for coupling to down-type 
fermions 4.5σ

8 all κ independent
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Spin & Parity
• channels: ZZ, γγ and WW (eµ)

• H->γγ: spin-sensitive observables: pTyy, production 
of the two photons in Collins-Soper frame

• 11 categories, fit on final yields

• H->WW: mll, pTll, ΔΦll and mT

• 5 BDT trainings for different spins

• H->4l: angular variables of the leptons and planes

• 4 categories based on lepton flavor

• matrix element likelihood ratio analysis (MELA) 
and BDT

• MELA: probability of observing a given 
event kinematics can be calculated -> 
discriminant

• BDT: comparing hypotheses
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H->γγ

H->4l

H->WW

ATLAS-CONF-2015-008

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-008/


Spin & Parity
• channels: ZZ, γγ and WW (eµ)

• JP = 0+ is tested against other spin-0 models 
(0-, BSM 0+h) and graviton-like JP = 2+

• also BSM terms in spin-0 are tested

• models rely on EFT, only H @ 125.4 GeV is 
considered

• valid up to Λ ~1TeV as minimum mass                        
for BSM particles
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H->γγ

CP-oddCP-evenκHVV~κHVV~

ATLAS-CONF-2015-008

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-008/
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• test statistic:

Spin & Parity - Results
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exclusion of all non-SM spin models at more 
than 99% CL in favor of the 0+ hypothesis

data

ATLAS-CONF-2015-008
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ATLAS Run1 Higgs Legacy
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mH = 125.36 ± 0.41 GeV
µ = 1.18+0.15-0.14
Z0(VFB) = 4.3σ
Z0(VH) = 2.6σ
Z0(ttH) = 2.2σ

evidence for down-type coupling to fermions = 
4.5σ

in the most flexible coupling model, coupling 
precision is 15-40%

exclusion of all non-SM spin models at more than 
99% CL in favor of the 0+ hypothesis



backup
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ATLAS @ LHC
• 4π detector, 44x25m, 7000t

• ID (PIX, SCT, TRT) -> solenoid magnet 
(2T) -> Calo (LAr - EM, TileCal/LAr - 
Had) -> toroid magnets (4T) -> muon 
system (MDT, CSC, RPC, TGC)
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mass combination
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coupling 
inputs
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coupling 
inputs
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kappa fwk
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kappa fwk
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most generic model
• allows 

deviations in 
vertex loop 
couplings 
strengths, no 
assumption on 
the total width

• precision 
15%-40%
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Collins-Soper frame
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H->4l, MELA
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