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� Introduction 
� Input analysis and data samples 

�  unfortunately no update with full 2012 8TeV pp data samples 

� the signal mass  
� the signal strength 
� tests of SM couplings 
� spin/parity in ZZà4l  
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Introduction 
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�  Observa(on	  of	  a	  narrow	  bosonic	  resonance	  around	  125	  GeV	  in	  the	  contest	  
of	  the	  searches	  for	  the	  Higgs	  par(cle	  :	  July	  4th	  2012.	  The	  background	  only	  
hypothesis	  is	  excluded	  	  at	  	  about	  5	  standard	  devia(ons	  by	  both	  CMS	  &	  
ATLAS	  

�  Now	  collected	  a	  quite	  larger	  integrated	  luminosity	  at	  √s=8TeV	  	  
�  L(8TeV)	  =	  20	  T-‐1,	  L(7TeV)=5	  T-‐1	  
�  Results	  from	  individual	  analyses	  presented	  by	  Nicolas	  yesterday	  

�  The	  interest	  now	  is	  on	  the	  boson	  proper(es	  	  
� What	  is	  the	  precise	  mass	  and	  quantum	  numbers	  (spin	  and	  CP)?	  
� What	  are	  the	  coupling	  widths	  to	  individual	  par(cles	  ?	  
�  how	  well	  is	  this	  signal	  compa(ble	  with	  a	  SM	  Higgs	  boson	  ?	  



Analysis channels 
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gg VBF VH ttH 

HàZZ	
 4.9+12.1 fb-1 

Hàγγ	
 5.1+5.3 fb-1 5.1+5.3 fb-1 

HàWW	
 4.9+12.1 fb-1 4.9+12.1 fb-1 4.9+0.0 fb-1 

Hàττ	
 4.9+12.1 fb-1 4.9+12.1 fb-1 5.0+12.0 fb-1 

Hàbb	
 5.0+12.1 fb-1 5.0+0.0 fb-1 

see yesterday’s presentation by Nicolas Chanon 

analyzed data samples luminosities ( @7TeV + @8TeV) 



expected and observed CLs 
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Signal strength  
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Strengths in channels 
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SMσ/σBest fit 
-2 0 2 4

 ZZ→H 

 WW (VH tag)→H 

 WW (VBF tag)→H 

 WW (0/1 jet)→H 

 (VBF tag)γγ →H 

 (untagged)γγ →H 

 (VH tag)ττ →H 

 (VBF tag)ττ →H 

 (0/1 jet)ττ →H 

 bb (ttH tag)→H 

 bb (VH tag)→H 

-1 = 8 TeV, L = 12.2 fbs  -1 = 7 TeV, L =   5.1 fbs

CMS Preliminary  = 125.8 GeVH m

SMσ/σBest fit 
0 0.5 1 1.5 2 2.5

 ZZ→H 

 WW→H 

γγ →H 

ττ →H 

 bb→H 

-1 = 8 TeV, L = 12.2 fbs  -1 = 7 TeV, L =   5.1 fbs

CMS Preliminary  = 125.8 GeVH m

combined σ/σSM=0.88±0.21	  
for	  mH=125.8	  



Signal mass 
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signal couplings  
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 coupling measurements 
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�  LHC	  working	  group	  prescrip(on	  (arXiv:1209.0040):	  
�  test	  the	  overall	  compa(bility	  of	  the	  data	  with	  the	  SM	  

�  Assump(ons:	  single	  resonance,	  zero-‐width,	  no	  modifica(on	  of	  the	  tensor	  structure	  (0+)	  

�  Set	  of	  fit	  models	  mapping	  the	  measured	  rates	  to	  mul(pliers	  (κ)	  of	  the	  SM	  
cross	  sec(ons	  and	  BRs:	  

	  

�  Scaling	  for	  couplings	  through	  loops	  defined	  as	  addi(onal	  free	  parameters	  
�  or	  as	  func(on	  of	  scale	  factors	  for	  the	  fields	  in	  the	  loop	  (with	  NLO	  accuracy)	  	  

�  Total	  width	  taken	  as	  the	  sum	  of	  the	  par(al	  widths	  
�  In	  special	  case	  allow	  also	  for	  invisible	  contribu(ons	   	  	  

�  Need	  to	  limit	  the	  degrees	  of	  freedom	  with	  the	  current	  data	  

σ ⋅BR( )(ii→H→ ff ) =
σ ii ⋅ Γ ff

ΓH

=σ SM ⋅BRSM
κ i
2 ⋅κ f

2

κH
2



W/Z SU2 custodial symmetry  
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λWZ=κW/κZ	  
	  
In the SM the tree-level  
W and Z masses relations are protected 
against large radiative corrections  
	  
	  
λWZ	  	  is	  essen(ally	  given	  by	  the	  
measured	  ra(o	  of	  untagged	  WW	  
and	  ZZ	  yields.	  	  
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The 95% CL interval for λWZ is [0.67,1.55]  
further we assume λWZ= 1  



boson and fermion couplings 
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κF / κV from individual channels 
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κg / κγ : hidden loop contributions 
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BSM invisible width 
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κu  / κd  : up vs down couplings 
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test of the presence of additional Higgs fields (doublets) 
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κl  / κq  : lepton vs quark couplings 
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Individual couplings 
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� Assess	  individual	  couplings	  assuming	  only	  custodial	  symmetry	  
and	  without	  resolving	  the	  loops	  structure.	  

� No	  BSM	  decays	  
� Study	  6	  scale	  factors:	  

� κV,	  κt,	  κb,	  κτ,	  κg,	  κγ	

� Fit	  individually	  each	  of	  those,	  while	  profiling	  the	  others	  



Individual couplings 
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Individual couplings 

March 1, 2013 P. Azzurri  -  CMS Higgs propert ies 20 

tκ
0 1 2 3 4

 ln
 L

Δ
- 2

 

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Observed

Exp. for SM H

CMS Preliminary -1 = 8 TeV, L = 12.2 fbs  -1 = 7 TeV, L = 5.1 fbs

gκ
0 0.5 1 1.5 2

 ln
 L

Δ
- 2

 

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Observed

Exp. for SM H

CMS Preliminary -1 = 8 TeV, L = 12.2 fbs  -1 = 7 TeV, L = 5.1 fbs

γκ
0 0.5 1 1.5 2 2.5

 ln
 L

Δ
- 2

 

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Observed

Exp. for SM H

CMS Preliminary -1 = 8 TeV, L = 12.2 fbs  -1 = 7 TeV, L = 5.1 fbs

κt : 80% accuracy κg: 30% accuracy κγ:  35% accuracy 



Summary of individual couplings 
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spin-parity determination 
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spin-parity in ZZà 4l 
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Matrix Element Likelihood approach with the two 
dilepton masses mZ1 and mZ2 and five angular 
variables Ω, here also with the m4l with assumed 
126 GeV signal mass (super-MELA or DSB) 
 

106 < m4l < 141 GeV 



spin-parity in ZZà 4l 
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build additional probability densities D12=P1/(P1+P2) with two different spin-parity 
signal hypothesis  :  DPS (pseudo-MELA) for 0-/0+ and DGS (gravi-MELA) for 2+/0+  

DSB>0.5 



spin-parity in ZZà 4l 
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2.4% pseudoscalar 0- hypothesis CLs no indication yet between scalar and tensor 

fit the data in the DSB vs DPS or DGS plane to obtain likelihoods of the two signal hypothesis 
compare the observed likelihood ratio with (50k) pseudo-experiments  



Conclusions 
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�  The	  presence	  of	  a	  new	  bosonic	  state	  announced	  on	  July	  4th	  2012	  is	  
confirmed	  with	  the	  new	  2012	  data	  with	  larger	  significance	  (6.9σ).	  

�  The	  produc(on	  yield	  is	  σ/σSM=0.88±0.21	  
�  The	  mass	  is	  measured	  	  mX=125.8	  ±0.4	  ±	  0.4	  GeV	  (in	  ZZ	  and	  γγ)	  
�  The	  coupling	  structure	  is	  in	  good	  agreement	  with	  minimal	  SM	  	  predic(ons.	  

�  no	  stringent	  results	  yet	  

�  Pseudoscalar	  hypothesis	  excluded	  at	  2.5σ	  level	  	  	  	  

�  need	  to	  wait	  here	  @Moriond	  	  for	  probable	  new	  combined	  results	  with	  full	  
CMS	  2012	  20/T@8TeV	  data	  samples	  …	  



in the meanwhile …  
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enjoy  
the 

slopes  



Backup 

March 1, 2013 P. Azzurri  -  CMS Higgs propert ies 28 



SM Higgs: theo σ & BR 
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Summary of analyses included in the CMS combinations 
 



individual channels expected 95%CL limits 
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Signal strength vs mH and  ggH+ttH vs VBF+VH   
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Produc(on	  modes	   Detectable	  decay	  modes	   Undetectable	  decay	  modes	  



Backup 

March 1, 2013 P. Azzurri  -  CMS Higgs propert ies 35 

�  In	  the	  case	  of	  coupling	  via	  loops	  scale	  factors	  are	  func(ons	  of	  the	  other	  
scale	  factors	  

�  Example:	  the	  gluon	  fusion	  cross	  sec(on	  scaling:	  	  

� Where	  σggH
o,bb	  is	  the	  square	  of	  the	  top	  and	  booom	  contribu(ons	  and	  σggH

tb	  
is	  the	  square	  of	  the	  interference	  terms	  
�  Interference	  term	  is	  nega(ve	  for	  MH<200	  GeV	  

�  Similar	  expressions	  implemented	  for	  other	  loops	  (γγ,	  Zγ)	  
�  VBF	  is	  also	  expressed	  as	  combina(on	  of	  κW	  and	  κZ	  	  

�  Alterna(vely	  the	  dependency	  on	  other	  scale	  factors	  can	  be	  discarded	  and	  
treat	  the	  loop	  scale	  factor	  as	  addi(onal	  free	  parameter	  

€ 

κg
2(κ t ,κb ,MH ) =

κ t
2 ⋅σ ggH

tt +κb
2 ⋅σ ggH

bb +κ tκb ⋅σ ggH
tb

σ ggH
tt +σ ggH

bb +σ ggH
tb
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Scaling of the VBF cross section  

Scaling of the gluon fusion cross section and of the H → gg decay vertex  
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Scaling of the H → γγ partial decay width  



Backup: custodial  λWZ  
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Backup:  κV  / κF 
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Backup: λdu	  =κd  / κu   

March 1, 2013 P. Azzurri  -  CMS Higgs propert ies 40 



Backup:  λlq	  =κl  / κq   
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Backup: invisible BSM decays 
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