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Coupling of Higgs to  is 10 times the coupling to .

Proposed muon collider Higgs factories operate with 
/ 0.01% in order 

H

tot

beam beamE E

γγ
γγ

γγ

Γ =to match 4.03 MeV.

Is there any way to operate a  collider with a very small
 center of mass energy spread to take advantage

of the relatively la

Note: I

rge 

n

 part

 the 

ial width?

following slide

tot

γ
s, all Higgs cross sections must

be multiplied by the  conversion probability squared.e



3 3 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

γγ

π
σ γγ ξ ξ

π
ξ ξ δ

Γ Γ
→ = +

− + Γ

Γ
≈ + −

1 22 2 2 2

2

1 23

8
( ) (1 )

( )

4
                (1 ) ( )

tot

H tot H

H H
H

H
s M M

z z z
M

γγ

κ

λ

κ γ γ

σ γγ

− −

− −

−

= =

= = −

−

→ =∫

4.82      158 GeV      =1

pol( ) 90%    2 0.9

( = 1 prob that  annihilates with laser ) 

1 ( ) 247 fb

e e

c e

e e

x E

e P

dL
dz H

L dz



4 4 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

κ

λ

σ γγ

− −

− −

−

= =

= = −

→ =∫

6.00      150 GeV      =0.73

pol( ) 90%    2 0.9

1 ( ) 130 fb

e e

c e

e e

x E

e P

dL
dz H

L dz



5 5 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

κ

λ

σ γγ

− −

− −

−

= =

= = −

→ =∫

8.00      146.5 GeV      =0.48

pol( ) 90%    2 0.9

1 ( ) 78 fb

e e

c e

e e

x E

e P

dL
dz H

L dz



6 6 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

κ

λ

σ γγ

− −

− −

−

= =

= = −

→ =∫

20.00      134.8 GeV      =0.25

pol( ) 90%    2 0.9

1 ( ) 40 fb

e e

c e

e e

x E

e P

dL
dz H

L dz



7 7 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

κ

λ

σ γγ

− −

− −

−

= =

= = −

→ =∫

40.00      130.3 GeV      =0.19

pol( ) 90%    2 0.9

1 ( ) 42 fb

e e

c e

e e

x E

e P

dL
dz H

L dz



8 8 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

κ

λ

σ γγ

− −

− −

−

= =

= = −

→ =∫

1000.      126.2 GeV      =0.11

pol( ) 90%    2 0.9

1 ( ) 257 fb

e e

c e

e e

x E

e P

dL
dz H

L dz



9 9 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

κ

λ

σ γγ

− −

− −

−

= =

= = +

→ =∫

1000.      126.6 GeV      =0.44

pol( ) 90%    2 0.9

1 ( ) 311 fb

e e

c e

e e

x E

e P

dL
dz H

L dz



10 10 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

κ

λ

σ γγ

− −

− −

−

= =

= = −

→ =∫

4000.      126 GeV      =0.12

pol( ) 90%    2 0.9

1 ( ) 1099 fb

e e

c e

e e

x E

e P

dL
dz H

L dz



11 11 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

κ

λ

σ γγ

− −

− −

−

= =

= = +

→ =∫

4000.      126.2 GeV      =0.53

pol( ) 90%    2 0.9

1 ( ) 1188 fb

e e

c e

e e

x E

e P

dL
dz H

L dz



12 12 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

κ

λ

σ γγ

− −

− −

−

= =

= = −

→ =∫

15870.      126 GeV      =0.15

pol( ) 90%    2 0.9

1 ( ) 5614 fb

e e

c e

e e

x E

e P

dL
dz H

L dz



13 13 

γγ − −= /
e e

z E E

γγ

− −

1

e e

dL
L dz

ξ ξ< >1 2

γγ − −= /
e e

z E E

γγ

κ

λ

σ γγ

− −

− −

−

= =

= = +

→ =∫

15870.      126 GeV      =0.64

pol( ) 90%    2 0.9

1 ( ) 4792 fb

e e

c e

e e

x E

e P

dL
dz H

L dz

λ

λ

= +

∆ ≈

= −

 2 0.9  is a better match
 to / 0.1%
 than 2 0.9 for this large
 x value.

c e

beam beam

c e

P
E E

P



14 14 

γγ

− −

1

e e

dL
L dz

γγ − −= /
e e

z E E

κ

λ

− −

−

= =

= = +

15870.      126 GeV      =0.64

pol( ) 90%    2 0.9
e e

c e

x E

e P

γγ

− −

1

e e

dL
L dz



15 15 

γ

λ
µ
µ

γ

−×
=

=

×

10

17

Laser Requirements for x=15870

=0.8 10  m
Z 4.0 m

0.01 m

 per pulse = 2 10
 per pulse = 430 J

Assuming these can be achieved 
and assuming ILC TDR  geometric lumi for Ecm=200 GeV
is valid f

R

r

N
Energy

or Ecm=126 GeV, then we get
Higgs / year = 144,000 
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Lab electron energy spectrum 
following single Bethe-Heitler
interaction  
for (initia
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Existing compton collision parameters are optimal for a  Higgs factory 
unless you go to very large values of x where the lumi spectrum is sharply 
peaked and  is suppressed via polarization.  e e

λ = +

Assuming electron energy spread is dominated by accelerator energy spread, 
and disregarding the extreme laser technical challenges the optimal x value 
was x=16000 with 2 0.9. The Higgs productionc eP

γγ

γ− − − +→

 rate in this configuration 
was 20 times the nominal  collider rate.

Unfortunately,  the electron energy spread is not dominated by the accelerator 
but rather by the Bethe-Heitler process  e e e e ≈.  This leads to  1% energy 
spread in the electron beam.  It is unlikely therefore that very large x values can 
give enhanced Higgs production rates, even if the extreme laser technology 
challenges can be met.
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