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 Higgs Factory Options Under Discussion in Summer 2012
 The International Linear Collider (ILC) Machine
 Experimental Environment at the ILC
 Higgs Physics with the ILC:
 Summary 

•
•
•
•
•

( )

Higgs Physics at the ILC:

H. Baer,  et al.,  Physics at the International Linear Collider,  

to appear in the ILC Detailed Baseline Design Report 2012 . 

A preliminary version is available at :   

http:/

 

/lcsim.org/papers/DBDPhysics.pdf



3 3 

       Collider at 126 GeV

  Collider at 126 GeV 

                      Storage Ring at 240 GeV
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125 GeV µ+µ− Higgs Factory (D.Neuffer) 

July 12 2012 Muon Accelerator Program Advisory Committee Review (FNAL, July 11-13, 2012) 5 

Parameter Unit Value 

Beam energy GeV 62.5 

Circumference, C m 300 

Number of IPs -  1 

β* cm 5  

Normalized emittance, ε⊥N π⋅mm⋅rad 0.5 

Momentum spread % 0.005 

Bunch length, σs cm 5 

Long. emittance, ε||N π⋅mm⋅rad 1.5 

Number of muons / bunch 1012 2 

Number of bunches / beam -  1 

Beam-beam parameter, ξ -  0.0043 

Repetition rate Hz 30* 

Average luminosity  1031/cm2/s 1.5 

p-driver power MW 4 

Stop cooling here: 
   ε⊥N =0.3π⋅mm⋅rad, ε||N =1π⋅mm⋅rad  
 
There were a couple of early designs which 
can be taken as the starting point, e.g.: 
- C.Johnstone, W.Wan, A.Garren, PAC 99, 
p.3066 

*) only 2, not 4 p-bunches are required on the target → 
twice the reprate at the same p-driver power 
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   ( Photon-Photon Collider Higgs Factories)e e e e H− − − −→

Whether one is trying to produce high energy photons by 
cranking up the beamstrahlung photon energies in 
collisions, or by colliding the electron beams with laser beams

near the IP, one needs an −

− −e e
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   ( Photon-Photon Collider Higgs Factories)e e e e H− − − −→

Collide the electron beams with laser beams near the IP

0/E Eγ

High electron polarization enhances the luminosity at high  Eγγ
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   ( Photon-Photon Collider Higgs Factories)e e e e H− − − −→
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At the high end of the 
photon energy spectrum 
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   ( Photon-Photon Collider Higgs Factories)e e e e H− − − −→

H
1

 

This plot is from the CLICHE
study  assuming M =115 GeV

and 200 fb . There are many
other examples like this
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  Storage Ring at 240 GeVe e s+ − =

( ) 200 fb  M 125 GeV 240 GeVσ + − → ≈ = ≈He e ZH s

* 

* Also K.Oide, ‘SuperTRISTAN  - A possibility of  ring collider for Higgs  
factory,’ KEK Seminar, 13February 2012 
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  Linear Collider at 500 GeV <  < 3000 GeV   (CLIC)e e s+ −
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  Linear Collider at 240 GeV <  < 1000 GeV   (ILC)e e s+ −

* 



14 14 

  Linear Collider at 240 GeV <  < 1000 GeV   (ILC)e e s+ −
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Signal and Background Cross Sections at LHC and ILC

ILC

Note:  No trigger at ILC - read out 
detector every bunch crossing
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Beamstrahlung  

Guinea-Pig 

VEGAS MC Integration 

  Linear Collider at 240 GeV <  < 1000 GeV   (ILC)e e s+ −
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  Linear Collider at 240 GeV <  < 1000 GeV   (ILC)e e s+ −

 hadronsγγ →
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  Linear Collider at 240 GeV <  < 1000 GeV   (ILC)e e s+ −

Polarized  beams:
        Approximate collision of the fundamental /  fields before EWSB

        Enhance/suppress processes to improve S/B; in particular  ( )
               c

L R R L

L R R L

e e
e e e e

e e e e
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•

•

ombination is used to enhance (suppress) W boson radiation.
        Disentangle amplitudes with * and Z propagatorsγ•

 Polarization    e e+ −
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The SiD Detector 

19 
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SiD Global 
Parameters  

Detector Technology
 Min   Max Min   Max
Vertex Detector Pixels 0.014 0.06 0.18
Central Tracking Strips 0.206 1.25 1.607
Endcap Tracker Strips 0.207 0.492 0.85 1.637
Barrel Ecal Silicon-W 1.265 1.409 1.765
Endcap Ecal Silicon-W 0.206 1.25 1.657 1.8
Barrel Hcal RPCs 1.419 2.493 3.018
Endcap Hcal RPCs 0.206 1.404 1.806 3.028
Coil 5 tesla 2.591 3.392 3.028
Barrel Iron RPCs 3.442 6.082 3.033
Endcap Iron RPCs 0.206 6.082 3.033 5.673

Radius (m) Axial (z) (m)

20 

 Combining barrel and endcaps
these  trackers and calorimeters
c

LumiCal and BeamCal are used 
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µµ 

SM Higgs decay mode histogram  MH=125 GeV 
Because all background is electroweak at the ILC, all
Higgs decays, including fully hadronic decays,
are accessible without any special conditions. 
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       250 GeVe e ZH s+ − → ≈

 ,        
H  anything, incl invisible
Z e e µ µ+ − + −→

→



23 23 



24 24 



25 25  tot

When combined with a measurement of BR( *)
 measurement also gives you sensitivity to HZZ

H ZZ
g

→
Γ
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       250 GeV
              Higgs Spin
e e ZH s+ − → ≈
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120 fb  per point−
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       350 GeV
              Higgs CP
e e ZH s+ − → =

Optimal observable  built from 
angles of  from decay of the Z

 most sensitive for small 
For larger  ( ) is bettertot
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       250 GeV
      BR measurements
e e ZH s

σ

+ − → ≈
×

All Z decays are used for measurement
of BR.  These include Z  and Z .

Divide by ( ) measurement to get BR's

qq

e e ZH

σ νν

σ + −

× → →

→

Flavor tagging very important for 
distinguishing different decay modes
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       250 GeV
      BR measurements
e e ZH s

σ

+ − → ≈
×

1Results L=250 fb−
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,  H  350 GeVe e ZH sνν+ − → =

At 350 GeV the ZH cross section has fallen off, but the cross section
for  comes into play so the total Higg cross section remains (  &  ) 250 fb.

350 GeV  is expected to give bett

νν σ νν+ − + −

≈

→ → ≈

≈

s
e e H e e ZH H

s er branching

fraction measurements than 250 GeV due to improved S/B.  The quantitative
comparison is still under study.  Also one gets a more complete Higgs profile 
using the  WW fusion channel.   The

≈s

  coupling can be measured by combining 

a measurement of ( ) ( ) with ( ) obtained at 250 GeV .
The  measurement gives a better estimate of  than  since BR(H WW*) BR(H

σ νν × → → ≈
Γ ∆ → ∆ →

HWW

HWW tot HZZ

g

H BR H bb BR H bb s
g g

1

*).

A relative error of 6% on  is expected at 350 GeV with 500 fb−Γ ≈tot

ZZ

s
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H ,   ,  ,    1 TeVe e ttH ZHH HH sνν νν+ − → =

At a 1 TeV  collider additional Higgs production modes are available such as   and 
,  which provide measurements of  the top Yukawa coupling and Higgs  self coupling, respectively

+ − + −

+ −

≈ →

→

s e e e e tth
e e ZHH .  

In addition an   collider continues as a Higgs factory at 1 TeV  since the total Higgs cross section is 
larger than the total cross sections at 250 and 350 GeV,  especially if  polarized beams

+ − ≈e e s
 are used: 

, ) (0,0)− + =P(e e
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H ,   ,  ,    1 TeVe e ttH ZHH HH sνν νν+ − → =

Results
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ILC:   500 fb

LHC:  150 fb  per experiment @ 14 
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M.Peskin  arXiv:1207.2516 [hep-ph]
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 Several ideas for Higgs factories are under 
currently under discussion.  However the most 
mature, realistic design at this time is the ILC, 
which can start at Ecm=250 GeV and can then be 
reasonably upgraded to higher energies to 
continue Higgs physics and hopefully other 
physics. 

 The ILC can significantly improve the Higgs 
coupling measurements over what the LHC will 
ultimately achieve.  It is a more natural 
environment in which to study the Higgs.  The 
ability to probe couplings to the several percent 
level is crucial to distinguishing different Higgs 
models.  
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