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Introduc)on	
  

2	
  

•  Discovery	
  of	
  the	
  125	
  GeV	
  Higgs	
  boson	
  à	
  a	
  milestone	
  
•  Opportunity	
  to	
  investigate	
  the	
  Higgs	
  sector	
  of	
  nature	
  in	
  detail	
  

•  Studies	
  of	
  the	
  properties	
  of	
  the	
  new	
  Higgs	
  boson	
  to	
  test	
  SM	
  
•  Searches	
  for	
  new	
  physics	
  hints	
  through	
  the	
  Higgs	
  sector	
  

~1M	
  Higgs	
  produced	
  in	
  RUN	
  1	
   many	
  decay	
  channels	
  	
  



Current	
  status:	
  bosonic	
  channels	
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Significances	
  
	
  	
  obs	
  (exp)	
  

H	
  à	
  γγ HàZZà4l	
   HàWWà2l2v	
  

ATLAS	
  
125.36	
  GeV	
  

5.2	
  (4.6)	
  σ	
  	
   8.1	
  (6.2)	
  σ	
   6.1	
  (5.8)	
  σ	
  

CMS	
  
125.02	
  GeV	
  

5.6	
  (5.3)	
  σ	
   6.5	
  (6.3)	
  σ	
   4.7	
  (5.4)	
  σ	
  



Current	
  status:	
  fermionic	
  channels	
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Significances	
  
	
  	
  obs	
  (exp)	
  

H	
  à	
  ττ Hàbb	
   Hàµµ

ATLAS	
  
125.36	
  GeV	
  

4.5	
  (3.4)	
  σ	
  	
   1.4	
  (2.6)	
  σ	
   µ<7.0(7.2)@95%CL	
  

CMS	
  
125.02	
  GeV	
  

3.2	
  (3.7)	
  σ	
   2.6	
  (2.7)	
  σ 	
   µ<7.4(6.5)@95%CL	
  



Next:	
  measurements	
  of	
  its	
  proper)es	
  	
  	
  
	
  
Mass	
  &	
  width	
  
Spin/Parity	
  &	
  CP	
  mixing	
  
Signal	
  strengths	
  and	
  couplings	
  
Differen)al	
  cross	
  sec)ons	
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Higgs	
  mass	
  
•  A	
  fundamental	
  parameter	
  not	
  predicted	
  by	
  theory	
  
•  More	
  precise	
  value	
  enables	
  physicists	
  to	
  make	
  more	
  stringent	
  tests	
  

of	
  the	
  electroweak	
  theory	
  and	
  of	
  the	
  Higgs	
  boson’s	
  properties.	
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hJp://physics.aps.org/arMcles/v8/45	
  

Experimental	
  directly	
  measured	
  results	
  

Indirect	
  constraints,	
  ellipses’	
  width	
  
	
  controlled	
  by	
  Higgs	
  mass	
  

Higgs	
  producMon	
  cross	
  secMon	
  Mmes	
  branching	
  raMo	
  



Higgs	
  mass	
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ATLAS+CMS	
  	
  PRL	
  114	
  (2015)	
  191803	
  	
  

•  Measured	
  in	
  high	
  resolution	
  channels	
  Hàγγ	
  and	
  HàZZà4l	
  

M4μ=	
  125.1	
  GeV	
  

Mγγ=125.9	
  GeV	
  
σM/M=0.9%	
  

MH	
  =	
  125.09	
  ±	
  0.24	
  GeV	
  
	
  	
  	
  	
  	
  	
  	
  =	
  ±	
  0.21	
  (stat.)	
  ±	
  0.11(syst.)	
  GeV	
  



Higgs	
  mass	
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ATLAS+CMS	
  	
  PRL	
  114	
  (2015)	
  191803	
  	
  

Some	
  tension	
  between	
  the	
  four	
  measurements	
  (p-­‐value	
  ~10%)	
  and	
  
opposite	
  in	
  ATLAS	
  and	
  CMS	
  -­‐	
  very	
  good	
  agreement	
  in	
  the	
  central	
  values	
  



Systema)c	
  uncertain)es	
  
•  Systematic	
  uncertainties	
  were	
  studied	
  carefully	
  in	
  preparation	
  

for	
  couplings	
  even	
  if	
  currently	
  much	
  smaller	
  than	
  statistical	
  
uncertainties	
  for	
  mass	
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ATLAS+CMS	
  	
  PRL	
  114	
  (2015)	
  191803	
  	
  

Energy	
  scale	
  uncertainMes	
  are	
  the	
  most	
  important	
  in	
  the	
  combinaMon	
  



Higgs	
  total	
  width：	
  direct	
  limit	
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•  4	
  MeV	
  predicted	
  in	
  SM,	
  direct	
  measurement	
  from	
  peak	
  width	
  
limited	
  by	
  detector	
  resolution	
  (~1	
  GeV)	
  



Higgs	
  total	
  width：	
  on/off	
  shell	
  

11	
  

The	
  ratio	
  of	
  μoff−shell	
  to	
  μon−shell	
  provides	
  a	
  measurement	
  of	
  the	
  
total	
  width	
  of	
  the	
  Higgs	
  boson,	
  under	
  several	
  assumptions	
  	
  

ZZ	
   J	
  
	
  	
  	
  	
  



Higgs	
  total	
  width：	
  on/off	
  shell	
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CMS	
  PLB	
  736	
  (2014)	
  64	
  

•  ︎Expect	
  an	
  excess	
  of	
  events	
  at	
  high	
  mVV	
  for	
  large	
  ΓH	
  	
  
•  Use	
  a	
  multivariate	
  discriminant	
  to	
  enhance	
  sensitivity	
  	
  
•  For	
  H	
  →	
  ZZ,	
  may	
  include	
  both	
  4l	
  and	
  2l2ν	
  final	
  states	
  	
  



Next:	
  measurements	
  of	
  its	
  proper)es	
  	
  	
  
	
  
Mass	
  &	
  width	
  
Spin/Parity	
  &	
  CP	
  mixing	
  
Signal	
  strengths	
  and	
  couplings	
  
Differen)al	
  cross	
  sec)ons	
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Spin-­‐Parity	
  test:	
  X(JP)	
  vs.	
  H(0+)	
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Spin-­‐Parity	
  results:	
  X(JP)	
  vs	
  H(0+)	
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1+	
  vs	
  H	
  

In	
  general	
  data	
  favors	
  SM	
  0+	
  hypothesis	
  
AlternaMve	
  tested	
  pure	
  states	
  typically	
  excluded	
  
at	
  >99%	
  CL	
  

PRD	
  92	
  (2015)	
  012004	
  



CP	
  mixing	
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PRD	
  92	
  (2015)	
  012004	
  

No	
  significant	
  admixture	
  of	
  non-­‐SM	
  CP	
  states	
  



Next:	
  measurements	
  of	
  its	
  proper)es	
  	
  	
  
	
  
Mass	
  &	
  width	
  
Spin/Parity	
  &	
  CP	
  mixing	
  
Signal	
  strengths	
  and	
  couplings	
  
Differen)al	
  cross	
  sec)ons	
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LHC	
  Higgs	
  coupling	
  combina)on	
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+	
  CMS	
  and	
  ATLAS	
  individual	
  combina4ons:	
  	
  
Eur.	
  Phys.	
  J.	
  C	
  75	
  (2015)	
  212,	
  arXiv:1507.04548	
  



	
  	
  

•  Other	
  production	
  modes	
  included	
  in	
  the	
  fit	
  and	
  selected	
  by	
  other	
  
channels	
  but	
  not	
  specifically	
  tagged,	
  e.g.	
  tH	
  is	
  selected	
  by	
  the	
  ttH	
  
analyses	
  

•  Directly	
  sensitive	
  to	
  the	
  couplings	
  of	
  H	
  to	
  W,	
  Z	
  and	
  γ	
  bosons	
  and	
  to	
  τ,	
  b	
  
and	
  t	
  fermions	
  +	
  indirectly	
  to	
  gluons	
  and	
  t-­‐quarks	
  

•  Full	
  combination	
  ~580	
  signal/control	
  regions,	
  and	
  ~4200	
  nuisances	
  
•  Gain	
  a	
  factor	
  √2	
  in	
  precision	
  (still	
  statistics	
  limited,	
  including	
  many	
  syst.)	
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Deacay/Produc)on	
   Untagged	
   VBF	
   VH	
   ^H	
  

Hàγγ

HàZZà4l	
  

HàZZà4l	
  

Hàττ

Hàbb	
  

Hàµµ

Input	
  channels	
  



Signal	
  strength	
  μ	
  
•  μ	
  is	
  the	
  so	
  called	
  signal	
  strength	
  (μ=1	
  in	
  the	
  

SM):	
  

•  Most	
  constrained	
  parameterization:	
  one	
  single	
  
signal	
  strength	
  μ	
  (and	
  assuming	
  the	
  same	
  at	
  7	
  
and	
  8	
  TeV)	
  

	
  
•  Signal	
  theory	
  uncertainty	
  due	
  to	
  QCD	
  scale	
  and	
  

PDF	
  as	
  large	
  as	
  statistical	
  uncertainty	
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Produc)ons	
  and	
  decays	
  
•  Best-­‐fit	
  signal-­‐strength	
  values	
  of	
  different	
  production/

decay	
  modes	
  determined	
  from	
  the	
  combined	
  fits	
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SM	
  p-­‐value	
  
25%	
  

SM	
  p-­‐value	
  
60%	
  



Significances	
  in	
  different	
  channels	
  
•  First	
  observations	
  of	
  VBF	
  and	
  Hàττ	
  achieved	
  

through	
  the	
  LHC	
  combination	
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Coupling	
  fits:	
  κ-­‐framework	
  
•  The	
  k-­‐framework	
  has	
  been	
  developed	
  within	
  the	
  LHC	
  Higgs	
  

Cross	
  Section	
  WG	
  

•  Higgs	
  boson	
  couplings	
  are	
  scaled	
  by	
  coupling	
  modifiers	
  κ,	
  
defined	
  as	
  	
  

	
  

•  With	
  BRBSM	
  	
  the	
  BR	
  of	
  invisible	
  +	
  undetected	
  decays	
  
•  Undetected	
  decays	
  can	
  be	
  either	
  non	
  SM	
  decays	
  or	
  come	
  from	
  different	
  

BRs	
  of	
  known	
  but	
  not	
  measured	
  decays:	
  cc,	
  gg,	
  …	
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κV,	
  κF	
  contours	
  
•  All	
  vector	
  and	
  fermion	
  couplings	
  are	
  scaled	
  by	
  κV	
  and	
  κF	
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All	
  results	
  in	
  agreement	
  with	
  SM	
  (κV	
  =	
  κf	
  =	
  1)	
  within	
  1	
  σ	
  



No	
  effec)ve	
  couplings	
  –	
  loops	
  resolved	
  

•  Fitting	
  the	
  5	
  main	
  tree	
  level	
  coupling	
  modifiers	
  +	
  κμ	
  and	
  resolving	
  
all	
  the	
  loops	
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Within	
  current	
  precision	
  	
  
Higgs	
  couplings	
  scale	
  with	
  	
  
par)cle	
  masses	
  
	
  



•  We	
  can	
  also	
  allow	
  effective	
  couplings	
  κg	
  and	
  κγ	
  
•  Only	
  σ	
  x	
  BRs	
  can	
  be	
  measured,	
  without	
  further	
  assumptions	
  the	
  width	
  of	
  

the	
  Higgs	
  boson	
  cannot	
  be	
  measured.	
  Options	
  are:	
  
•  BRBSM=0	
  
•  kV≤1	
  (as	
  in	
  2HDM)	
  -­‐	
  BRBSM	
  can	
  be	
  measured	
  

BSM	
  physics	
  in	
  the	
  loops	
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BRBSM	
  <	
  0.34	
  at	
  95%	
  C.L.	
  (with	
  κV	
  ≤	
  1)	
  
BRBSM	
  includes	
  all	
  possible	
  non	
  standard	
  decays,	
  
visible	
  or	
  invisible	
  

SM	
  p-­‐value	
  
11%	
  



κg	
  and	
  κγ	
  	
  
•  Assuming	
  tree	
  level	
  couplings	
  as	
  in	
  the	
  SM	
  and	
  only	
  

modifications	
  to	
  the	
  two	
  main	
  loops	
  of	
  ggF	
  and	
  Hàγγ	
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ggF	
  loop	
  

Hàγγ	
  loop	
  

AddiMonal	
  heavy	
  fermions	
  or	
  	
  
Charged	
  Higgs	
  boson	
  would	
  
Modify	
  the	
  effecMve	
  couplings	
  



Up-­‐down	
  fermions	
  and	
  lepton-­‐quark	
  symmetries	
  
•  In	
  2HDM	
  ratios	
  of	
  up/down	
  fermions	
  or	
  leptons/quarks	
  maybe	
  different	
  

from	
  1	
  ,	
  for	
  example	
  in	
  MSSM	
  up/down	
  fermions	
  couplings	
  are	
  modified	
  
•  The	
  ratio	
  of	
  coupling	
  modifiers	
  is	
  checked	
  also	
  allowing	
  negative	
  values	
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Κdown-­‐type	
  quarks/Κup-­‐type	
  quarks	
   Κleptons/Κquarks	
  

The	
  results	
  are	
  all	
  consistent	
  with	
  the	
  SM	
  



Most	
  generic	
  parameteriza)ons	
  used	
  
•  At	
  LHC,	
  not	
  possible	
  to	
  disentangle	
  production	
  cross	
  section	
  from	
  decay	
  BR	
  in	
  a	
  

model-­‐independent	
  way	
  
•  But	
  possible	
  to	
  measure	
  ratios	
  of	
  cross	
  sections	
  and	
  BR	
  or	
  ratios	
  of	
  μ’s	
  
•  Most	
  generic	
  parameterizations	
  used	
  considered	
  are:	
  

•  Both	
  refer	
  to	
  ggF,	
  HàZZà4l	
  that	
  is	
  the	
  cleanest	
  channel	
  and	
  less	
  affected	
  by	
  
systematic	
  uncertainties	
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In	
  this	
  
parameterizaMon	
  
BRZZ,	
  BRWW,	
  σWH	
  ,	
  
σWH	
  and	
  σVBF	
  are	
  
funcMon	
  of	
  κZ	
  and	
  
κW	
  



σ	
  and	
  BR	
  ra)o	
  parametriza)on	
  

•  Results	
  are	
  in	
  general	
  agreement	
  
with	
  the	
  SM	
  

•  Largest	
  discrepancy	
  is	
  seen	
  in	
  BRbb/
BRZZ,	
  at	
  the	
  level	
  of	
  2.4	
  σ	
  
•  Effect	
  mainly	
  coming	
  from	
  large	
  ZH	
  

and	
  ttH	
  (both	
  ratios	
  σttH/σggF	
  ~	
  3)	
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SM	
  p-­‐value	
  
16%	
  

•  ParameterizaMon	
  of	
  raMo	
  of	
  observables	
  with	
  minimal	
  dependence	
  	
  
on	
  theory	
  predicMons	
  

•  Results	
  remain	
  valid	
  when	
  theory	
  predicMons	
  are	
  updated	
  



Ra)os	
  of	
  κ’s	
  
•  Again,	
  results	
  in	
  agreement	
  with	
  SM	
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SM	
  p-­‐value	
  
16%	
  



Next:	
  measurements	
  of	
  its	
  proper)es	
  	
  	
  
	
  
Mass	
  &	
  width	
  
Spin/Parity	
  &	
  CP	
  mixing	
  
Signal	
  strengths	
  and	
  couplings	
  
Differen)al	
  cross	
  sec)ons	
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Differen)al	
  cross	
  sec)ons:	
  pTH	
  

33	
  

Measurements	
  designed	
  as	
  model	
  independent	
  as	
  possible	
  

ATLAS	
  see	
  ~2	
  σ	
  trend	
  of	
  more	
  boosted	
  Higgs	
  boson,	
  not	
  seen	
  by	
  CMS	
  



Differen)al	
  cross	
  sec)ons:	
  N(jets)	
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Measurements	
  designed	
  as	
  model	
  independent	
  as	
  possible	
  

Both	
  experiments	
  see	
  slightly	
  more	
  associated	
  jets	
  



Summary	
  of	
  the	
  Higgs	
  proper)es	
  
•  Spin	
  0,	
  CP	
  even,	
  SM-­‐like	
  Higgs	
  boson	
  
•  0.2%	
  precision	
  on	
  MH	
  =	
  125.09	
  ±	
  0.24	
  GeV	
  
•  Obtained	
  most	
  precise	
  results	
  on	
  Higgs	
  production	
  

and	
  decay	
  and	
  couplings	
  
•  in	
  general	
  at	
  O(10%)	
  precision	
  
•  global	
  μ	
  =	
  1.09	
  

•  Now	
  also	
  Hàττ	
  and	
  VBF	
  established	
  	
  
•  More	
  results	
  available	
  at	
  ATLAS	
  and	
  CMS	
  websites	
  
•  rare/exotic	
  decays,	
  additional	
  Higgs	
  boson	
  searches,	
  etc	
  

•  Some	
  small	
  excesses	
  here	
  and	
  there	
  
•  need	
  more	
  data	
  to	
  see	
  if	
  any	
  of	
  them	
  is	
  real	
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+0.11	
  
-­‐0.10	
  	
  



Status	
  of	
  RUN	
  2	
  	
  

LHC	
  Run-­‐2	
  at	
  13	
  TeV,	
  precision	
  will	
  be	
  improved	
  during	
  the	
  
coming	
  years	
  thanks	
  to	
  higher	
  energy,	
  larger	
  integrated	
  
luminosity	
  and	
  progress	
  in	
  the	
  theory	
  predictions	
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Prospects	
  of	
  HL-­‐LHC	
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UlMmate	
  precision	
  2-­‐10%,	
  
varies	
  by	
  coupling	
  
(similar	
  sensiMvity	
  from	
  ATLAS)	
  

CMS-­‐NOTE-­‐13-­‐002	
  

we	
  are	
  here	
  



Coupling	
  devia)ons	
  in	
  BSM	
  
•  But	
  HL-­‐LHC	
  is	
  not	
  the	
  end	
  of	
  the	
  story	
  
•  Typical	
  effect	
  on	
  coupling	
  from	
  heavy	
  particle	
  M	
  or	
  

new	
  physics	
  at	
  scale	
  M:	
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Typical	
  sizes	
  of	
  coupling	
  modificaMons:	
  

Han	
  et	
  al.,	
  hep-­‐ph/0302188	
  
Gupta	
  et	
  al.,	
  arXiv:1206.3560	
  
……	
  

arXiv:1310.8361	
  

Need	
  sub-­‐percent	
  experimental	
  precision	
  to	
  discriminate	
  them	
  (and	
  SM)	
  	
  



We	
  need	
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CEPC	
  pre-­‐CDR	
  

A	
  large	
  factor	
  of	
  improvement	
  on	
  the	
  sensi)vity	
  for	
  probing	
  BSM	
  
Thanks	
  to	
  CEPC	
  folks	
  for	
  their	
  hard	
  work	
  over	
  the	
  past	
  few	
  years	
  	
  	
  



Back	
  up	
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Main	
  produc)on	
  processes	
  
ggH	
   VBF	
   VH	
   JH	
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Pp	
  collisions	
  

SM	
  ggF,	
  ^H,	
  bbH	
  theory	
  uncertainty:	
  ~10%	
  	
  
VBF,	
  VH,	
  ZH:	
  2-­‐3%	
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Other	
  produc)on	
  processes	
  
•  ggZH:	
  	
  

•  O(10%)	
  effect	
  on	
  VHbb	
  in	
  SM,	
  higher	
  pT	
  than	
  qqZH	
  

	
  
	
  
	
  
	
  
•  tHq	
  +	
  tHW	
  

•  Not	
  really	
  sensitive	
  but	
  has	
  larger	
  effects	
  for	
  negative	
  couplings	
  
	
  
	
  
	
  
	
  

•  bbH	
  
•  Similar	
  to	
  ttH	
  but	
  not	
  really	
  distinguishable	
  from	
  ggF	
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Categories	
  addressing	
  produc)on	
  and	
  decays	
  
•  Many	
  different	
  final	
  discriminant	
  distributions	
  combined	
  

•  Purity	
  varies	
  between	
  categories	
  (especially	
  for	
  production	
  
modes)	
  

•  A	
  total	
  of	
  O(100)	
  categories	
  for	
  each	
  experiment	
  are	
  combined	
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L:	
  integrated	
  luminosity,	
  	
  
A:	
  acceptance,	
  	
  
Ε:	
  efficiency	
  

ATLAS	
  ZZ	
  

CMS	
  WW	
  
0-­‐jet	
  

ATLAS	
  ττ	
  
VBF	
  μ-­‐τhad	
  

CMS	
  γγ	
  untagged	
   CMS	
  bb	
  

Signal	
  	
  
yield	
  



Sta)s)cal	
  treatment	
  
•  Profile	
  likelihood	
  ratio	
  test	
  statistics:	
  

•  for	
  each	
  likelihood	
  evaluation,	
  all	
  systematic	
  uncertainties	
  (nuisances)	
  are	
  
varied	
  to	
  maximize	
  the	
  profile	
  likelihood	
  (profiled)	
  

•  ~4200	
  nuisances	
  in	
  the	
  combined	
  fits	
  
•  A	
  large	
  part	
  related	
  to	
  the	
  finite	
  MC	
  statistics	
  
•  Signal	
  theory	
  normalization	
  uncertainties	
  
•  BG	
  theory	
  uncertainties	
  (for	
  BGs	
  not	
  using	
  the	
  data)	
  
•  Other	
  experimental	
  uncertainties	
  

•  Most	
  experimental	
  uncertainties	
  are	
  assumed	
  uncorrelated	
  between	
  the	
  
two	
  experiments	
  and	
  many	
  tests	
  have	
  been	
  carried	
  out	
  to	
  check	
  the	
  possible	
  
impact	
  that	
  was	
  found	
  negligible	
  

•  Main	
  correlated	
  systematic	
  uncertainties	
  are	
  the	
  cross	
  sections	
  and	
  BRs	
  
between	
  ATLAS	
  and	
  CMS:	
  QCD	
  scale	
  uncertainties	
  and	
  PDF	
  
•  Theory	
  cross	
  sections	
  and	
  BR,	
  Higgs	
  pT,	
  …	
  state-­‐of-­‐the	
  art	
  calculations	
  in	
  

common	
  between	
  the	
  two	
  experiments	
  for	
  this	
  analysis	
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Measurements,	
  compa)bility	
  tests	
  
•  Different	
  measurement	
  and	
  compatibility	
  tests	
  are	
  carried	
  out	
  

(described	
  here):	
  
•  Fits	
  of	
  signal	
  strengths	
  μ	
  –	
  σ,	
  BR	
  relative	
  to	
  SM	
  
•  Fits	
  in	
  the	
  κ-­‐framework	
  –	
  coupling	
  modifiers	
  
•  Generic	
  fits	
  (based	
  on	
  XS	
  and	
  BR,	
  and	
  on	
  coupling	
  modifier	
  ratios)	
  

•  All	
  of	
  them	
  assume	
  a	
  SM-­‐like	
  Higgs	
  boson	
  Spin	
  Parity	
  0+	
  and	
  with	
  
a	
  narrow	
  width	
  such	
  that	
  production	
  and	
  decay	
  are	
  decoupled	
  

	
  
	
  
•  Results	
  are	
  rigorously	
  valid	
  on	
  for	
  small	
  deviations	
  from	
  this	
  

hypothesis	
  but	
  larger	
  differences	
  would	
  be	
  detected	
  
•  At	
  the	
  LHC	
  we	
  can	
  only	
  measure	
  σxBR	
  need	
  further	
  assumptions	
  

to	
  extract	
  σ	
  or	
  BR	
  independently	
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Higgs	
  mass	
  vs.	
  µ
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Higgs	
  total	
  width：	
  on/off	
  shell	
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Spin-­‐parity	
  

下标	
  m	
  的含义:	
  the	
  spin-­‐two	
  model	
  with	
  minimal	
  couplings	
  (2+_m)	
  represents	
  a	
  massive	
  
Graviton-­‐like	
  boson	
  as	
  suggested	
  in	
  models	
  with	
  warped	
  extra	
  dimensions	
  (ED)	
  .	
  (arXiv:hep-­‐
th/9906064,arXiv:hep-­‐ph/9905221)	
  
下标	
  b	
  的含义是:	
  modified	
  minimal	
  coupling	
  model	
  (2+_b)	
  is	
  also	
  considered,	
  where	
  the	
  SM	
  
fields	
  are	
  allowed	
  to	
  propagate	
  in	
  the	
  bulk	
  of	
  the	
  ED	
  (arXiv:hep-­‐ph/0701186).	
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Anomalous	
  HVV	
  coupling	
  defini)on	
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CP	
  mixing:	
  ATLAS	
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μV	
  vs	
  μF	
  
•  Can	
  also	
  fit	
  μV

f	
  vs	
  μF
f	
  	
  per	
  

decay:	
  
•  μV

f	
  =μf
VBF+VH	
  

•  μF
f=μf

ggF+ttH	
  

•  μV/μf	
  can	
  be	
  measured	
  in	
  the	
  
different	
  decay	
  channels	
  
and	
  combined:	
  
	
   	
  μV/μf	
  =	
  1.06	
  	
  	
  	
  

Sep	
  1,	
  2015	
   Marco	
  Pieri	
  UC	
  San	
  Diego	
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SM	
  p-­‐value	
  
88%	
  

SM	
  p-­‐value	
  
62%	
  

+0.35	
  
-­‐0.27	
  



Scaling	
  of	
  σ’s	
  and	
  BR’s	
  with	
  κ’s	
  
•  Loops	
  can	
  be	
  resolved	
  or	
  parameterized	
  with	
  an	
  effective	
  κ	
  

•  No	
  effective	
  couplings	
  for	
  ggZH	
  and	
  tH	
  	
  
because	
  of	
  the	
  limited	
  sensitivity	
  	
  

	
  
	
  
•  not	
  measured	
  κ’s	
  are	
  scaled	
  as	
  similar	
  ones:	
  	
  κc=κt	
  ,	
  κμ=κτ	
  ,	
  κs=κb	
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