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Higgs	  Boson	  Observables	  

Our	  considera5on	  is	  Higgs	  boson	  observables:	  

σ(pp	  hX	  	  AB+X)	  subject	  to	  experimental	  cuts,	  which	  are	  
unfolded	  to	  yield	  measurements.	  

Precise	  theory	  predic5ons	  include	  knowing	  precisely	  the	  
theory	  predic5ons	  for	  

σ(pp	  	  hX)	  	  	  	  	  	  	  and	  	  	  	  	  BR(hAB)	  
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LHC-‐HL	  measurements	  of	  σ	  x	  BR	  

LHC-‐HL	  σ x	  BR	  determina5ons	  typically	  in	  the	  ten	  percent	  range.	  
Near	  term	  LHC	  running	  expects	  about	  twice	  the	  values.	  

3	  



ILC	  σ	  x	  BR	  determina5ons	  

ILC	  TDR	  2013	  

Typically	  in	  the	  neighborhood	  of	  a	  few	  percent.	  
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TLEP	  Es5mates	  

10	  ab-‐1	   0.25	  ab-‐1	  
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CLIC	  Sensi5vity	  

Snowmass	  	  
2013	  Report	  	  
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Theory	  Issues	  

We	  shall	  come	  to	  new	  physics	  soon.	  

However,	  SM	  theory	  errors	  threaten	  the	  usefulness	  of	  percent-‐level	  
Higgs	  measurements.	  

For	  example,	  measurements	  of	  σ	  x	  Br(bb)	  is	  at	  percent	  level	  or	  lower	  
at	  ILC,	  TLEP	  and	  CLIC.	  	  

Errors	  at	  few	  percent	  level,	  relevant	  to	  LHC-‐HL,	  also	  need	  a\en5on.	  

Tremendous	  work	  going	  into	  this.	  
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Handbook	  of	  LHC	  Higgs	  Cross	  Sec5ons.	  3.	  Higgs	  Proper5es	  (2013)	  8	  



Calcula5ng	  Higgs	  boson	  par5al	  widths	  and	  branching	  
frac5ons	  is	  an	  exercise	  in	  precision	  SM	  analysis.	  

Specifying	  the	  input	  observables	  and	  their	  uncertain5es	  
translates	  into	  central	  values	  and	  errors	  on	  Higgs	  par5al	  
widths	  and	  BRs.	  

Almeida,	  Lee,	  Pokorski,	  JW	  2013	  
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Percent	  rela5ve	  
uncertainty	  on	  the	  
par5al	  widths	  from	  
parametric	  and	  scale-‐
dependence	  
uncertain5es.	  WW,	  ZZ	  
uncertain5es	  mainly	  
due	  to	  ΔmH.	  

Almeida,	  Lee,	  Pokorski,	  JW	  2013	  
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Compare	  this	  with	  LHC	  Cross	  Sec5ons	  Handbook,	  which	  upon	  
first	  look	  appears	  to	  have	  li\le	  uncertainty	  on	  HWW.	  	  

There	  is	  no	  mistake	  in	  table.	  Each	  row	  is	  for	  fixed	  mH.	  But	  no5ce	  
how	  strongly	  the	  BR	  changes	  from	  122	  to	  126	  to	  130	  GeV.	  

BR	  
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Uncertain5es	  on	  the	  branching	  frac5ons	  due	  to	  uncertain5es	  in	  the	  
input	  observables.	  

Note,	  due	  to	  Γ(bb)	  in	  the	  denominator	  of	  all	  BRs,	  the	  uncertain5es	  
due	  to	  mb	  and	  αs	  propagate	  to	  all	  others.	  

In	  Higgs	  column,	  uncertainty	  is	  due	  to	  ΔmH=400	  MeV	  (100	  MeV)	  

Almeida,	  Lee,	  Pokorski,	  JW	  2013	  
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Reducing	  Uncertain5es	  in	  Γs	  and	  BRs	  

Reducing	  the	  uncertain5es	  in	  extracted	  mb	  and	  mc	  MSbar	  masses	  
(or	  the	  equivalent)	  are	  needed	  to	  reduce	  uncertain5es	  in	  theory	  
calcula5ons.	  	  

Likewise	  for	  αs	  and	  mH.	  

The	  precision	  Higgs	  program	  is	  just	  as	  well	  stated	  as	  a	  precision	  
mb	  ,	  mc	  ,	  αs	  and	  mH	  program.	  

αs	  and	  mH	  seem	  easier	  to	  improve	  than	  mb	  and	  mc.	  However,	  
Lepage	  et	  al	  (2014)	  have	  pointed	  out	  that	  lagce	  results	  can	  help.	  
For	  example:	  es5mates	  are	  that	  Δmb,	  Δmc	  and	  Δαs	  could	  be	  
reduced	  by	  more	  than	  a	  factor	  of	  7,	  3	  and	  6	  respec5vely.	  
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Measurement	  of	  Higgs	  Couplings	  
The	  proper	  way	  to	  test	  the	  SM	  is	  to	  compute	  SM	  observables	  
and	  compare	  with	  data	  in	  a	  χ2	  type	  of	  analysis.	  

In	  this	  approach,	  you	  are	  primarily	  limited	  to	  lis5ng	  
experimental	  measurements	  and	  their	  errors,	  and	  compare	  
with	  SM	  calcula5ons	  –	  using	  tables,	  plots,	  χ2	  analysis,	  etc.	  	  

For	  example,	  with	  the	  SM	  you	  cannot	  talk	  about	  measuring	  the	  
Higgs	  coupling	  to	  bo\om	  quarks.	  All	  you	  can	  talk	  about	  is	  
extrac5ng	  the	  Yukawa	  coupling	  yb,	  and	  its	  uncertain5es,	  
through	  observables	  via	  a	  global	  fit	  of	  observables.	  
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"Measurement	  of	  hbb	  coupling"	  
You	  can,	  however,	  "measure	  hbb	  coupling"	  by	  dele5ng	  mb	  
observable	  and	  seeing	  how	  well	  yb	  can	  be	  extracted	  by	  hbb	  
plus	  all	  the	  rest:	  yb(higgs)	  and	  compare	  that	  to	  yb	  extracted	  from	  
mb	  plus	  all	  the	  rest.	  

Global	  fit	  of	  σ(hbb)	  	  +	  all	  other	  obs	  but	  without	  mb	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  yb,higgs	  extracted	  

Global	  fit	  of	  all	  obs	  including	  mb	  but	  without	  σ(hbb)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  yb,mb	  extracted	  

Compare	  by	  renormalizing	  to	  common	  scale,	  say	  mZ.	  

This	  ra5o	  	  	  yb,higgs(mZ)	  /	  yb,mb(mZ)	  	  	  should	  be	  1.	  	  
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New	  Physics:	  HκSM	  

Harder	  to	  do	  the	  analogy	  with	  hVV	  couplings	  (V=γ,	  g,	  W,	  Z).	  

Instead	  a	  new	  theory	  of	  physics	  beyond	  the	  SM	  is	  considered:	  

I	  will	  call	  this	  the	  "Higgs	  kappa	  Standard	  Model"	  (HκSM).	  

It	  is	  parametrized	  by	  κ's,	  which	  are	  defined	  by	  replacing	  	  	  

	  g(hAA)SM	  	  	  	  	  	  	  	  κA	  g(hAA)SM	  	  	  ;	  other	  interac5ons	  remain	  SM.	  

A\en5on	  must	  be	  given	  to	  clear	  defini5ons	  of	  κγ and	  κg.	  
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Peskin	  summary,	  2013	  
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	  	  	  	  	  	  	  	  	  	  Eva	  Sicking,	  ICHEP	  2014	  CLIC	  



Fine	  to	  ask	  how	  well	  colliders	  can	  do,	  but	  important	  to	  ask:	  	  

How	  well	  do	  we	  need	  to	  measure	  the	  Higgs	  boson	  
coupling?	  

Criterion:	  What	  are	  the	  largest	  coupling	  devia5ons	  away	  
from	  the	  SM	  Higgs	  couplings	  that	  are	  possible	  if	  no	  other	  
state	  directly	  related	  to	  EWSB	  (another	  Higgs,	  or	  “rho	  
meson”)	  is	  directly	  accessible	  at	  the	  LHC.	  
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8

FIG. 9: ∆gb/g
SM
b as a function of tanβ. The colour code

is the following: Red means several Higgs bosons can be dis-
covered at the LHC - all the other points correspond to a
single Higgs boson discovery at the LHC. Dark blue points
are excluded by the Γ(b → sγ) constraint. Light blue, yellow
and green correspond to at least one third generation squark
has a mass less than 1.0 TeV, all third generation squarks are
heavier than 1.0 TeV but at least one top squark is lighter
than 1.5 TeV and both top squarks heavier than 1.5 TeV,
respectively.

FIG. 10: ∆gτ/g
SM
τ as a function of tanβ. The colour code

is the following: Red means several Higgs bosons can be dis-
covered at the LHC - all the other points correspond to a
single Higgs boson discovery at the LHC. Dark blue points
are excluded by the Γ(b → sγ) constraint. Light blue, yellow
and green correspond to at least one third generation squark
has a mass less than 1.0 TeV, all third generation squarks are
heavier than 1.0 TeV but at least one top squark is lighter
than 1.5 TeV and both top squarks heavier than 1.5 TeV,
respectively.

ble within the supersymmetric framework. The last row

in Table I reports anticipated 1σ LHC sensitivities at

14TeV with 3 ab
−1

of accumulated luminosity [5].
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∆hV V ∆ht̄t ∆hb̄b
Mixed-in Singlet 6% 6% 6%
Composite Higgs 8% tens of % tens of %
Minimal Supersymmetry < 1% 3% 10%a, 100%b

LHC 14TeV, 3 ab−1 8% 10% 15%
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quarks. The target is based on scenarios where no other exotic
electroweak symmetry breaking state (e.g., new Higgs bosons
or ρ particle) is found at the LHC except one: the ∼ 125GeV
SM-like Higgs boson. For the ∆hb̄b values of supersymmetry,
superscript a refers to the case of high tanβ > 20 and no
superpartners are found at the LHC, and superscript b refers
to all other cases, with the maximum 100% value reached for
the special case of tanβ � 5. The last row reports anticipated
1σ LHC sensitivities at 14TeV with 3 ab−1 of accumulated
luminosity [5].
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Conclusions	  
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Higgs	  boson	  physics	  is	  at	  present	  not	  yet	  quite	  a	  "precision	  field",	  
with	  the	  excep5on	  of	  Higgs	  mass	  determina5on.	  

Nevertheless,	  many	  ideas	  have	  been	  ruled	  out	  by	  the	  ~20%	  
measurements	  taken	  of	  couplings.	  

Much	  be\er	  results	  will	  be	  coming	  at	  LHC	  in	  the	  new	  run,	  HL	  
phase	  and	  HE	  op5ons.	  

Future	  machines	  (ILC,	  CLIC,	  TLEP/FCC-‐ee,	  etc.)	  promise	  high	  
precision	  Higgs	  boson	  coupling	  measurements	  –	  valuable!	  

Of	  course,	  much	  more	  to	  say	  about	  "new	  Higgs"	  phenomenology	  
(SUSY	  Higgs,	  Higgs	  portal,	  singlet	  higgs,	  invisible	  decays,	  exo5c	  
produc5on	  of	  Higgs,	  etc.	  


