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Introduction	  and	  outline	  
Discovery of new boson announced July 4th, 2012: to confirm it is a Standard Model 
(SM) Higgs boson we must measure its mass and properties, and in particular to 
confirm it is a CP-even spin-0 particle (𝐽𝑃 = 0+). 
Analyses aim to examine the Higgs Spin/CP nature:
๏ Test pure BSM spin-0 and spin-2 models against the Standard Model
๏ Constrain possible SM and BSM mixing of Spin-0 boson
๏ Extend previous publication with updated spin-2 results and HVV EFT 

approach
๏ Combine results from all sensitive vector boson channels H→ZZ*→4l, 

H→WW*→eνμν (+≦1jet) and H→γγ: ZZ* and WW* are used to examine 
both spin-0 and spin-2 models, whereas γγ contributes to spin-2
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Spin-‐CP:	  Theoretical	  Models	  
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  Classification framework proposed in ‘A framework for Higgs characterisation’ 
JHEP11(2013)043

  SM without Higgs plus generic boson described with EFT (EFT scale here chosen to Λ=1 
TeV):

cα	  =	  cosα,	  	  sα	  =	  sinα	  
Λ=cut-‐off	  scale	  
α	  =	  Mixing	  angle	  

๏ Test pure BSM spin-0 and spin-2 models against the Standard Model
๏ Constrain possible SM and BSM mixing of Spin-0 boson:

CP-‐odd	   and	  CP-‐even	   with	  

ATLAS-‐CONF-‐2015-‐008:	  h=p://arxiv.org/pdf/1506.05669v1.pdf	  
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๏  Test SM against graviton-like spin-2. Including only quark and gluon 
couplings in production

๏ Others estimated to be insignificant: σEW/σQCD ≅ 0.03%
๏  Testing SM against three spin-2 coupling configurations: κq/κg = 0,1 and 2

X:	  spin-‐2	  field	  tensor	  
T:	  energy-‐momentum	  tensor	  

Non-‐universal	   coupling	   scenario	   shows	   unitarity	  
violaMng	   behavior	   (high	   pTX	   tail)	   à study	   some	  
benchmarks	  with	  pTX	  cut-‐off	  

  Classification framework proposed in ‘A framework for Higgs characterisation’ 
JHEP11(2013)043

  SM without Higgs plus generic boson described with EFT (EFT scale here chosen to Λ=1 
TeV):

ATLAS-‐CONF-‐2015-‐008:	  h=p://arxiv.org/pdf/1506.05669v1.pdf	  



Spin-‐CP	  measurement:	  Hypothesis	  tests	  Discriminants	  
◇  Exploits	  full	  lepton	  kinemaMcs,	  matrix	  element	  based	  discriminant	  (JP-‐MELA):	  

	  
	  

◇  Analysis	   uses	   mulMvariate	   (MV)	   discriminant	   against	   ZZ*	   (BDTZZ):	   discriminant	   from	  
producRon	  related	  observables	  (η4l,	  pT,4l,	  m4l,	  cos(θ*)	  and	  Φ1)	  
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H➞ZZ*➞4l	  
Golden	  channel	  
•  Small	  rate;	  
•  Cleanest	  final	  state;	  
•  S/B	  ~	  2;	  
•  BR	  (ZZ)=2.3%	  
•  fully	  reconstructed	  mass;	  
•  Ideal	  to	  study:	  mass,	  spin,	  parity,	  couplings,	  width,..	  
•  Backgrounds:	  irreducible	  ZZ*	  and	  reducible	  Z+jets,	  e	  
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ATLAS-‐CONF-‐2015-‐008:	  h=p://arxiv.org/pdf/1506.05669v1.pdf	  
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H➞γγ 
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◇  Signal:	  2	  good	  quality,	  isolated,	  high	  pT	  photons	  
◇  Backgrounds:	  Irreducible	  γγ	  (80%),	  reducible	  γj,	  jj	  (20%);	  
◇  Small	  S/B	  needs	  excellent	  detector	  performance;	  

(in	  Collins-‐Soper	  frame)	  
Δηγγ: Separation in pseudorapidity
between the two photons

ATLAS-‐CONF-‐2015-‐008:	  h=p://arxiv.org/pdf/1506.05669v1.pdf	  
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H➞WW*➞eν	  μ	  ν	  
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Spin-CP measurement: Boosted Decision Trees (BDTs) used as discriminats in 
WW* 

Signal:	  
▪  2	  oppositely	  charged	  leptons	  l	  =	  e,	  μ	  
▪  Large	  ETmiss	  from	  undetected	  νs	  
▪  Small	  opening	  angle	  between	  l+	  and	  l-‐	  	  
Backgrounds:	  
▪  Dominant:	  WW,	  =	  
▪  Drell-‐Yan,	  W	  +	  jets,	  small:	  Z	  ➔	  ττ,	  Wγ,	  Wll,	  ZZ,	  QCD	  
Events	  categorised	  according	  to	  lepton	  flavour	  final	  state	  and	  Njets	  

  Spin-2 tests training parameters: 
pTll, mll, ΔΦll, mT
  SM vs 0+h Training parameters: 
pTll, mll, ΔΦll, pmiss
  SM vs 0- Training parameters: mll, 
pTl1 -0.5pTl2 + 0.5pTmiss, ΔpT, ΔΦll

ATLAS-‐CONF-‐2015-‐008:	  h=p://arxiv.org/pdf/1506.05669v1.pdf	  
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Fixed	  Hypotheses	  Results	  
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Performed	  using	  H➞ZZ*➞4l	  ,	  H➞γγ 	  and	  H➞WW*➞lνlν	  channels	  
The	   Standard	  Model	   (SM)	   Higgs	   boson	   hypothesis	   has	   been	   tested	  
against	  several	  alternaMve	  spin	  and	  parity	  models.	  

0+0-‐	   0+0+h	  

0+2+	  	  
with	  U.C.	  

0+2+	  
kq	  =	  2	  kg	  	  
pT<125	  GeV	  

▪ Two	  non-‐SM	  spin-‐0:	  
◇  pure	  BSM	  CP-‐odd	  (0-‐)	  
◇  BSM	   CP-‐even	   (0+h):	   scalar	   with	  
higher-‐dimension	  operators	  

	  
	  
▪ Spin-‐2	  models:	  
◇  2+	  with	  universal	  coupling	  	  	  
◇  Two	   benchmark	   models	   (kq	   =	   0	  	  
and	  kq	  =	  2	  kg)	  with	  non-‐universal	  
couplings	  to	  fermions	  and	  vector	  
bosons	   and	   with	   two	   pT	   cutoff	  
125	  GeV	  and	  300	  GeV	  

ATLAS-‐CONF-‐2015-‐008:	  h=p://arxiv.org/pdf/1506.05669v1.pdf	  



E.
	  R
os
si	  

Fixed	  Hypotheses	  Results	  
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SM	  Higgs	  boson	  hypothesis	  
favoured	  and	  alterna>ve	  
models	  excluded	  >95%	  CL	  

Performed	  using	  H➞ZZ*➞4l	  ,	  H➞γγ 	  and	  H➞WW*➞lνlν	  channels	  
The	  Standard	  Model	  (SM)	  Higgs	  boson	  hypothesis	  has	  been	  tested	  against	  
several	  alternaMve	  spin	  and	  parity	  models.	  

ATLAS-‐CONF-‐2015-‐008:	  h=p://arxiv.org/pdf/1506.05669v1.pdf	  
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SM	  

Spin-‐0	  coupling	  ratios	  in	  HVV	  
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Set	   limit	   on	   BSM	   coupling	   and	  mixing	   angle	   in	   CP	   even	   (or	   odd)	  
mixing	  scenarios	  using	  the	  H➞ZZ*➞4l	  and	  H➞WW*➞lνlν	  decays.	  

No	  CP	  violaRon	  in	  Higgs	  sector	  is	  observed	  

SM	  

BSM	  CP-‐even	  cotribuMon	   BSM	  CP-‐odd	  contribuMon	  

ATLAS-‐CONF-‐2015-‐008:	  h=p://arxiv.org/pdf/1506.05669v1.pdf	  
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Conclusions	  
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Final	  Run-‐I	  Higgs	  Spin-‐CP	  analyses	  on	  the:
  Pure BSM CP-even scalar (0+h) and pseudo-scalar (0-) excluded in 

favour of SM
  SM furthermore favoured over spin-2 models with different κq/κg 

coupling configurations
  Spin-0 BSM/SM coupling ratio fits indicate that data is agreement with 

SM
  Details of the results can be found in: ATLAS-‐CONF-‐2015-‐008	   -‐	  

http://arxiv.org/pdf/1506.05669v1.pdf
  Looking forward to Run-II:
  Continue development of EFT approach to study HVV interaction
  Add different Higgs production mechanisms
  Simultaneous fit of couplings

All	  ATLAS	  results	  in	  the	  public	  page:	  
h=ps://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults	  
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H➞ZZ*➞4l	  
Golden	  channel	  
•  Small	  rate;	  
•  Cleanest	  final	  state;	  
•  S/B	  ~	  2;	  
•  BR	  (ZZ)=2.3%	  
•  fully	  reconstructed	  mass;	  
•  Ideal	  to	  study:	  mass,	  spin,	  parity,	  
couplings,	  width,..	  
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Spin-‐CP	  measurement:	  Tensor	  structure	  fit	  discriminants	  
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