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Summary of Higgs Theory 
  circa Summer 2013

General ILC Intro
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Luminosity based on 
ILC TDR

Many New Post-DBD
Studies



6 6 

Model Independent Fits
as Usual;
Also Model Dependent
Fits for LHC Comparison 
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:     Linear Collider at 250 GeV <  < 1000 GeV ILC e e s+ −
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 Each scenario corresponds to accumulated luminosity at a certain 
point in time. 

 Assumption: run for 3X107 s at baseline lumi at each of 
Ecm=250,500,1000 GeV, in that order.   Then go back and run for 
3X107 s at upgrade lumi at each of Ecm=250,500,1000 GeV. 
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Systematic Errors at  ILC
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Theory Errors at  ILC

σ
σ



i 33

ILC model independent global coupling fit using 32  
       measurements  and  measurement ZH

BR
Y Y

The cross section calculations  do not involve QCD ISR.
The partial width calculations  do not require quark masses as input. 

We are confident that the total theory errors for   and  will be at

i

i

i i

S
G

S G  
the 0.1% level at the time of ILC running.
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 Almost all ILC Higgs measurements are 
  measurements of  .  
 One crucial measurement is different:  the Higgs recoil 

   measurement of  ( ).  
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BR

e e ZH

Γ

odel independent 
     measurements  of the Higgs BR's  and  at the ILC.tot

σ σ −∆ = ∆ 1Combined: M .032 GeV,  / =2.6% for L= 250 fbH HZ HZ

σ
−⇒ ∆ =



2

1/ 1.3%  for L=250 fb
HZ HZZ

HZZ HZZ

g

g g

σ + − →( ) at ILCe e ZH

= 250 GeVs

ILD & SiD LOI 
& new =125 GeV st
S. Watanuki, Toho

u
ku Univ.

dy by HM



12 12 

σ + − → =( ) :    New Analyses at 500 GeVe e ZH s
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σ τ τ+ −• → =( ) :    New Analysis at 250 GeVBR H s
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σ • → =( ) :    New Analysis at 500 GeVBR H bb s
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σ • → =( *) :    New Analysis at 500 GeVBR H WW s
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σ γγ• → =( ) :    New Analysis at 250 & 500 GeVBR H s
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σ • → =*( ) :    New Analysis at 250 GeVBR H ZZ s
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σ • → =( ) :    New Analysis at 250 GeVBR H invisible s
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νν+ − → → =,  HH,      * :    New Topology for Higgs Self Coupling at 500 & 1000 GeVe e ZHH HH bbW W s
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ILC Measurement Summary
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Model Independent Fit of Cross Sections and BR's
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Model Independent Fit of Higgs Couplings
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µµ 

      ,WW l l l eν ν µ→ =

      ,ZZ l l l l l e µ+ − + −→ =
Discovery decay modes at LHC

σ σ

•
•
•

⇒ ∆ ∝ 

  All beam crossings are triggered at the ILC
  All background is electroweak.   
  Roughly, the detection efficiency is independent of 

    decay mode   ( ) / 1/BR BR BR

ILC vs LHC:  General Considerations 

γ µ

•

•

•

 LHC Higgs detection efficiency is uneven
  across decay modes.
 Higgs was discovered in decays modes 

  with , , ,  which have relatively small BR's 
 Qualitatively, there is complementarity between 

 

e

  the ILC and LHC with respect to decay modes.  
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7 Parameter HXSWG Benchmark *

LHC

κ κ κ= Γ = Γ∑ 2

SM  decays i
*  Assume    &  SM

c t tot i i
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Other Higgs Couplings

LHC

30%                      10%

-                          50%
(17 28)%         < (6-17)%< −

-                            -

-                            -

*

→*  Current full simulation result using  , *  only.   Results will improve as 
     more Higgs decay modes are added,  and as jet combinatoric problems are solved.

H bb WW

*

*  Does not include results from searches for non-SM decays, including invisible
    decays.  The error on the total width will improve significantly once these 
    results are incorporated into the fit.
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7 Parameter HXSWG Benchmark *

κ κ κ= Γ = Γ∑ 2

SM  decays i
*  Assume    &  SM

c t tot i i

Alternate Luminosity Scenario
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Alternate Luminosity Scenario

Other Higgs Couplings
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+ −Combining LHC Results with Results from Various Future  Colliders
(from D. Zerwas and
Range corresponds to 2 different sys error 
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What do these precision values mean? 
For Higgs couplings, better precision means greater discovery potential.

Typical coupling 
variations for several 
BSM Higgs models:
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Plots from Theory Section of ILC Higgs White Paper

2HDM:
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Plots from Theory Section of ILC Higgs White Paper

Models with Universal
Yukawa and Gauge
Couplings



32 32 

γγ

+ −• →
•
•

 Higgs CP using 
 Lorentz Structure of hW W coupling
 Higgs physics with an ILC  collider

e e tth

Other Studies Included in ILC Higgs White Paper
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