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Mo#va#on	  and	  Summary	  

•  The	  discovery	  of	  the	  Higgs	  	  is	  a	  success	  of	  the	  SM,	  
and	  also	  demanding	  a	  detailed	  knowledge	  of	  the	  
proper#es	  of	  this	  par#cle.	  

•  Various	  types	  of	  electron	  and	  muon	  colliders	  have	  
been	  proposed	  for	  precision	  studies	  of	  the	  total	  and	  
par#al	  widths	  in	  the	  various	  decay	  channels.	  	  

•  In	  the	  case	  of	  a	  Higgs	  factory	  through	  a	  muon	  
collider,	  sizeable	  radia#ve	  effects	  -‐	  of	  order	  of	  50%	  	  
or	  larger	  -‐	  must	  be	  carefully	  taken	  into	  account	  for	  a	  
precise	  measurement	  of	  the	  total	  and	  par#al	  widths	  
of	  the	  Higgs	  par#cle.	  	   2	  



The	  LHC	  discovery	  of	  the	  Higgs	  at	  125	  GeV	  	  
	  ! ATLAS:	  m	  =	  125.5	  ±	  0.2	  (stat)	  ±	  0.6	  (sys)	  GeV	  	  

! 	  CMS:	  	  	  m	  =	  125.8	  ±	  0.4	  (stat)	  ±	  0.4	  (sys)	  GeV	  	  
	  
-‐	  	  	  CMS	  and	  Atlas	  have	  observed	  a	  narrow	  line	  of	  high	  	  significance	  at	  
about	  125	  GeV	  mass,	  	  compa#ble	  with	  the	  Standard	  Model	  Higgs	  
boson.	  	  
	  -‐	  Their	  data	  are	  consistent	  with	  fermionic	  and	  bosonic	  couplings	  
expected	  from	  a	  SM	  Higgs	  par#cle.	  	  	  Searches	  have	  been	  performed	  	  in	  
several	  decay	  modes.	  
-‐	  Experimental	  energy	  resolu#ons	  have	  been	  so	  far	  much	  wider	  of	  the	  
expected	  intrinsic	  Higgs	  width	  of	  about	  4	  MeV.	  	  
-‐	  ATLAS	  and	  CMS	  and	  also	  CDF	  also	  exclude	  other	  SM	  Higgs	  bosons	  up	  
to	  approximately	  600	  GeV.	  	  
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All	  Higgs	  results	  
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•  From	  the	  available	  data	  it	  cannot	  be	  
concluded	  yet	  that	  we	  have	  found	  the	  SM	  
Higgs	  	  and	  not	  one	  of	  the	  scalars	  postulated	  
within	  the	  possible	  extensions	  of	  the	  SM.	  

•  Therefore	  a	  	  detailed	  study	  of	  the	  proper#es	  
of	  this	  par#cle	  is	  highly	  required.	  

•  In	  par#cular	  the	  Higgs	  width’s	  measurement	  is	  
essen#al	  to	  determine	  the	  par#al	  widths	  and	  
couplings	  to	  fermions	  and	  bosons.	  
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C	  
The Higgs width according to the Standard Model�

�� Like in the case of the Zo, 
the determination of the 
Ho width will be crucial in 
the determination of the 
nature of the particle and 
the underlying theory 

��  Cross section is shown 
here, convoluted with a 
Gaussian beam 
distribution.  

�� Signal is not affected only 
if the rms beam energy 
width is � a few MeV. 

Venice,March.2015� Slide# : 6�
4.5 MeV wdth:A very demanding resolution R � 0.003% is required 

C.	  Rubbia,	  Venice,	  March	  2015	  
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Top partners   

The need of a better precision�

Venice,March.2015� Slide# : 8�

SUSY tan(�)>5 

Composite Higgs  

�� Sensitivity to “TeV” new physics for “5 sigma” discoveries may 
need 1 per-cent to sub 1-per-cent 
 accuracies on rates. 

R.S. Gupta et al. 

�� What precision is needed in order to search for possible 
additional deviations from the SM, even under the assumption 
that there is no other additional “Higgs” state at the LHC ?  

�� Predicted ultimate LHC accuracies for “exotic” alternatives   

Ultimate at LHC  
1 ab= 10-42 cm2 

arXiv:1206.3560v3 [hep-ph] 27 Sep 2012 

C.	  Rubbia,	  Venice,	  March	  2015	  
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The	  quest	  for	  Higgs	  Factories	  

•  Two	  possible	  future	  alterna#ves:	  

Studying the Higgs beyond LHC�
�� The scalar sector is definitely one of the keys to the 

future understanding of elementary particle physics.  
�� A similar second phase may be also necessary for the Ho 

and the presence of structure beyond the SM may 
manifest itself as tiny corrections in the observation of 
large number of events/year in very clean experimental 
conditions.  

�� Two future alternatives are hereby compared: 
��A e+e- collider at L > 1034 and a Z+Ho signal of � 200 fb. 

The circumference of a new, LEP-like ring is of about    
� 80 km or of a Linear Collider of 31 km.   

��A µ+µ� collider at L > 1032 and a Ho signal in the s-state 
of � 20’000 fb. The collider radius is much smaller, only 
� 50 m, but the novel “muon cooling” facility is required.   

Slide# : 10�Venice,March.2015�

1 femtobarn (fb) 
 =10�39  cm2     

“muon	  cooling”:	  	   C.	  Rubbia,	  “A	  complete	  demonstrator	  of	  a	  muon	  cooled	  Higgs	  
	  factory”	  ,	  arXiv:1308.6612	  .	  	  Also	  Venice	  and	  Cern,	  2015	  
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Future Circular Collider Study - SCOPE  
CDR and cost review for the next ESU (2018) 

Form an international 
collaboration to study:  
•  pp-collider (FCC-hh)       

" defining infrastructure 
requirements  

•  e+e- collider (FCC-ee) as 
potential intermediate step 

" Study Z, W, H, top 

•  p-e (FCC-he) option 
•  80-100 km infrastructure 

in Geneva area. 

•  CEPC-SppC  in China 
	  	  	  M.	  Koratzinos,	  La	  Thuile,	  2015	  
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Production cross sections at the e+ e- collider�
�� The production cross sections 

of the Higgs boson with the 
mass of 125 GeV for e+-e- as 
a function of the energy �s.  

�� The cross sections of the 
production processes as a 
function of the �s collision 
energy. 

�� The Higgs-strahlung diagram 
(Left), the W-boson fusion 
process (Middle) and the top-
quark association (Right). 

�� Double Higgs boson diagrams 
via off-shell Higgs-strahlung 
(Left) and W-boson fusion 
(Right) processes 

Venice,March.2015� Slide# : 11�
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&1.�<.,87-�89=287��*�µ+µ� collider ? �
�� The direct Ho cross section is greatly enhanced in a µ+µ�  

collider when compared to an e+e- collider, since the s-channel 
coupling to a scalar is proportional to the lepton mass. 

�� Like in the well known case of  the Z0 production, the Ho scalar 
production in the s-state offers conditions of unique 
cleanliness . 

�� An unique feature of such process — if of an appropriate 
luminosity — is that its actual mass, its very narrow width and 
most decay channels may be directly measured with accuracy.  

�� Therefore the properties of the Higgs boson can be detailed 
over a larger fraction of model parameter space than at any 
other proposed accelerator method.  

�� A particularly important conclusion is that it will have greater 
potentials for distinguishing between a standard SM and the 
SM-like Ho of SUSY or of other than any other collider. 

Venice,March.2015� Slide# : 19�

The	  realiza#on	  of	  a	  cooling	  demonstrator	  (C.	  Rubbia)	  is	  	  essen#al.	  	  
At	  Cern?	  Elsewhere?	  	   11	  



Radia#ve	  effects	  

•  In	  the	  case	  of	  a	  Higgs	  factory	  through	  a	  muon	  
collider,	  sizeable	  QED	  radia#ve	  effects	  -‐	  of	  order	  of	  
50%	  -‐	  must	  be	  carefully	  taken	  into	  account	  for	  a	  
precise	  measurement	  of	  the	  leptonic	  and	  total	  
widths	  of	  the	  Higgs	  par#cle.	  	  

•  Those	  effects	  do	  not	  apply	  in	  the	  case	  of	  Higgs	  
produc#on	  in	  electron-‐positron	  colliders.	  

•  Effects	  similar	  to	  J/Psi,	  Z,	  …	  produc#on	  in	  e+e-‐	  
annihila#on.	  
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More	  details	  

	  	  -‐	  	  	  	  Correc#on	  	  factor	  	  
	  	  	  	  	  	  	  modifies	  the	  lowest	  order	  cross	  sec#on	  o(50%).	  	  
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known and has been discussed in very great detail in the case of collisions of electrons and
positrons with production of narrow resonances in the s channel like the J/Psi [8] and

the Z boson [9]. Namely a correction factor / (�/M)(4↵/⇡) log(2E/m) modifies the lowest
order cross section, where M and � are the mass and width of the s channel resonance,
W = 2E is the total initial energy and m is the initial lepton mass. Physically this is
understood by saying that the width provides a natural cut-o↵ in damping the energy
loss for radiation in the initial state. To be more specific, defining

�i =
4↵

⇡


log

W

mi
� 1

2

�
, (1)

where mi is the initial lepton mass,

y = W �M

tan �R(W ) =
1

2
�/(�y)

then the infrared factor Cres
infra due to the soft radiation emitted from the initial

charged leptons is given by [8]
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infra =

✓
y2 + (�/2)2

(M/2)2

◆�i/2 
1 + �i

y

�/2
�R

�
, (2)

so that the observed resonant cross section can be written as

�c = Cres
infra�res(1 + Cres

F ) . (3)

In the above eq. �res is the Born resonant cross section (of Breit - Wigner form) and
Cres
F is a finite standard correction of order ↵ which we will neglect in the following.

In the case of Higgs production at a muon collider with W=2E = 125 GeV the factor
�i = 0.061 and at the resonance (y = 0) the factor Cres

infra = (�/M)�i = 0.53, assuming
the Higgs width � = 4 MeV, which gives a substantial reduction of the Born cross section
and therefore can mimic a smaller initial (and/or final) partial decay width of the Higgs.

As it is well known, since the produced resonance is quite narrow, one has to integrate
over the machine resolution, which is assumed to be

G(W 0 �W ) =
1p
2⇡�

e�(W 0�W )

2/(2�2
) (4)

where � is the machine dispersion, such that (�W )FWHM = 2.3548�. Then the experi-
mentally observed cross section into a final state |f > is given by

�̃(W ) =

Z
G(W 0 �W )dW 0�(W 0) , (5)

where

�(W 0) =
4⇡

W 02
�i�f

�2

sin2 �R(W
0)

⇢
�

W 0 sin �R(W 0)

��i

⇥ (1� �i�R cot �R) (1 + Cres
F ) . (6)
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-‐	  	  	  By	  defining:	  

in very great detail in the case of collisions of electrons and positrons with production
of narrow resonances in the s channel like the J/Psi [8] and the Z boson [9]. Namely a

correction factor ∝ (Γ/M)(4α/π) log(2E/M) modifies the lowest order cross section, where
M and Γ are the mass and width of the s channel resonance, W = 2E is the total initial
energy and m is the initial lepton mass. Physically this is understood by saying that the
width provides a natural cut-off in damping the energy loss for radiation in the initial
state. To be more specific, defining
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so that the observed resonant cross section can be written as

σc = Cres
infraσres(1 +Cres

F ) . (3)

In the above eq. σres is the Born resonant cross section (of Breit - Wigner form) and
Cres
F is a finite standard correction of order α which we will neglect in the following.

In the case of Higgs production at a muon collider with W=2E = 125 GeV the factor
βi = 0.061 and at the resonance (y = 0) the factor Cres

infra = (Γ/M)βi = 0.53, assuming
the Higgs width Γ = 4 MeV, which gives a substantial reduction of the Born cross section
and therefore can mimic a smaller initial (and/or final) partial decay width of the Higgs.

As it is well known, since the produced resonance is quite narrow, one has to integrate
over the machine resolution, which is assumed to be

G(W ′ −W ) =
1√
2πσ
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−W )2/(2σ2) (4)

where σ is the machine dispersion, such that (∆W )FWHM = 2.3548σ. Then the experi-
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In the above eq. σres is the Born resonant cross section (of Breit - Wigner form) and
Cres
F is a finite standard correction of order α which we will neglect in the following.

In the case of Higgs production at a muon collider with W=2E = 125 GeV the factor
βi = 0.061 and at the resonance (y = 0) the factor Cres

infra = (Γ/M)βi = 0.53, assuming
the Higgs width Γ = 4 MeV, which gives a substantial reduction of the Born cross section
and therefore can mimic a smaller initial (and/or final) partial decay width of the Higgs.

As it is well known, since the produced resonance is quite narrow, one has to integrate
over the machine resolution, which is assumed to be
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1√
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Infrared	  factor	  modifies	  
Born	  cross	  sec#on	  as:	  	  

M.G.,	  Pancheri,	  Srivastava,	  Nucl.	  Phys.	  B101,	  1975	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  and	  	  B171,	  1980.	  	  	  	  	  	  	  
	  

in very great detail in the case of collisions of electrons and positrons with production
of narrow resonances in the s channel like the J/Psi [8] and the Z boson [9]. Namely a

correction factor ∝ (Γ/M)(4α/π) log(2E/M) modifies the lowest order cross section, where
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•  At	  	  W=2E=M_Higgs,	  	  	  	  

in very great detail in the case of collisions of electrons and positrons with production
of narrow resonances in the s channel like the J/Psi [8] and the Z boson [9]. Namely a

correction factor ∝ (Γ/M)(4α/π) log(2E/M) modifies the lowest order cross section, where
M and Γ are the mass and width of the s channel resonance, W = 2E is the total initial
energy and m is the initial lepton mass. Physically this is understood by saying that the
width provides a natural cut-off in damping the energy loss for radiation in the initial
state. To be more specific, defining
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Cres
F is a finite standard correction of order α which we will neglect in the following.
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the Higgs width Γ = 4 MeV, which gives a substantial reduction of the Born cross section
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As it is well known, since the produced resonance is quite narrow, one has to integrate
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•  Since	  the	  resonance	  is	  quite	  narrow,	  one	  has	  to	  integrate	  over	  the	  
machine	  resolu#on	  

•  Then	  the	  observed	  cross	  sec#on	  at	  the	  peak	  is,	  to	  o(1%)	  accuracy:	  

in very great detail in the case of collisions of electrons and positrons with production
of narrow resonances in the s channel like the J/Psi [8] and the Z boson [9]. Namely a

correction factor ∝ (Γ/M)(4α/π) log(2E/M) modifies the lowest order cross section, where
M and Γ are the mass and width of the s channel resonance, W = 2E is the total initial
energy and m is the initial lepton mass. Physically this is understood by saying that the
width provides a natural cut-off in damping the energy loss for radiation in the initial
state. To be more specific, defining

βi =
4α

π

!

log
W

mi
−

1

2

"

, (1)

where mi is the initial lepton mass,

y = W −M

tan δR(W ) =
1

2
Γ/(−y)

then the infrared factor Cres
infra due to the soft radiation emitted from the initial

charged leptons is given by [8]
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so that the observed resonant cross section can be written as

σc = Cres
infraσres(1 +Cres

F ) . (3)

In the above eq. σres is the Born resonant cross section (of Breit - Wigner form) and
Cres
F is a finite standard correction of order α which we will neglect in the following.

In the case of Higgs production at a muon collider with W=2E = 125 GeV the factor
βi = 0.061 and at the resonance (y = 0) the factor Cres

infra = (Γ/M)βi = 0.53, assuming
the Higgs width Γ = 4 MeV, which gives a substantial reduction of the Born cross section
and therefore can mimic a smaller initial (and/or final) partial decay width of the Higgs.

As it is well known, since the produced resonance is quite narrow, one has to integrate
over the machine resolution, which is assumed to be

G(W ′ −W ) =
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By integrating last equation a useful formula for the observed cross section at the
peak is [8]

σ̃(M) =
2π2ΓiΓf√
2πσM2Γ
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√
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√
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8σ2
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(1 + Cres
F ) (7)

where the second term in the square bracket represents the contribution from the radia-
tive tail.

Numerically, and neglecting the contribution from Cres
F , the overall radiative cor-

rection factor C to the Born cross section at the peak is C = 0.47 , 0.37 , 0.30 , 0.25
for σ = 1 MeV, 2 MeV, 3 MeV, 4 MeV, respectively. This result shows once again the
importance of the radiative effects for a precision measurement of the Higgs couplings.

To conclude, we have shown that in the case of a Higgs factory through a muon
collider, sizeable radiative effects - of order of 50% - must be carefully taken into account
for a precise measurement of the leptonic and total widths of the Higgs particle. Similar
effects do not apply in the case of Higgs production in electron-positron colliders.
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•  Then	  the	  observed	  cross	  sec#on	  at	  the	  peak	  is	  

in very great detail in the case of collisions of electrons and positrons with production
of narrow resonances in the s channel like the J/Psi [8] and the Z boson [9]. Namely a

correction factor ∝ (Γ/M)(4α/π) log(2E/M) modifies the lowest order cross section, where
M and Γ are the mass and width of the s channel resonance, W = 2E is the total initial
energy and m is the initial lepton mass. Physically this is understood by saying that the
width provides a natural cut-off in damping the energy loss for radiation in the initial
state. To be more specific, defining
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so that the observed resonant cross section can be written as

σc = Cres
infraσres(1 +Cres

F ) . (3)

In the above eq. σres is the Born resonant cross section (of Breit - Wigner form) and
Cres
F is a finite standard correction of order α which we will neglect in the following.

In the case of Higgs production at a muon collider with W=2E = 125 GeV the factor
βi = 0.061 and at the resonance (y = 0) the factor Cres

infra = (Γ/M)βi = 0.53, assuming
the Higgs width Γ = 4 MeV, which gives a substantial reduction of the Born cross section
and therefore can mimic a smaller initial (and/or final) partial decay width of the Higgs.

As it is well known, since the produced resonance is quite narrow, one has to integrate
over the machine resolution, which is assumed to be

G(W ′ −W ) =
1√
2πσ

e−(W ′
−W )2/(2σ2) (4)

where σ is the machine dispersion, such that (∆W )FWHM = 2.3548σ. Then the experi-
mentally observed cross section into a final state |f > is given by

σ̃(W ) =
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G(W ′ −W )dW ′σ(W ′) , (5)

where
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By integrating last equation a useful formula for the observed cross section at the
peak is [8]
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where the second term in the square bracket represents the contribution from the radia-
tive tail.

Numerically, and neglecting the contribution from Cres
F , the overall radiative cor-

rection factor C to the Born cross section at the peak is C = 0.47 , 0.37 , 0.30 , 0.25
for σ = 1 MeV, 2 MeV, 3 MeV, 4 MeV, respectively. This result shows once again the
importance of the radiative effects for a precision measurement of the Higgs couplings.

To conclude, we have shown that in the case of a Higgs factory through a muon
collider, sizeable radiative effects - of order of 50% - must be carefully taken into account
for a precise measurement of the leptonic and total widths of the Higgs particle. Similar
effects do not apply in the case of Higgs production in electron-positron colliders.
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µ+µ� ! h h ! bb̄ h ! WW ⇤
R (%)

�e↵ (pb) �Sig �Bkg �Sig �Bkg

0.01 16 7.6 3.7

0.003 38 18
15

5.5
0.051

TABLE I: E↵ective cross sections (in pb) at the resonance
p
s = mh for two choices of beam energy resolutions R and two

leading decay channels, with the SM branching fractions Brbb̄ = 56% and BrWW⇤ = 23% [9].

boson, one still needs to convolute the idealistic Breit-Wigner resonance with the realistic beam energy spectrum as
illustrated in Eq. (2.2). We first calculate the e↵ective cross sections at the peak for the two cases of energy resolutions
A and B. We further evaluate the signal and SM background for the leading channels

h ! bb̄, WW ⇤. (3.1)

We impose a polar angle acceptance for the final-state particles,

10� < ✓ < 170�. (3.2)

Tightening up the polar angle to 20��160� will further reduce the signal by 4.6%, and the background by 6.7% (15%)
for the bb̄ (WW ⇤) final states. We assume a 60% single b-tagging e�ciency and require at least one tagged b jet
for the bb̄ final state. The backgrounds are assumed to be flat with cross sections evaluated right at 126 GeV using
Madgraph5 [11]. This appears to be an excellent approximation over the energy range of the current interest about
100 MeV. We tabulate the results in Table I. The background rate of µ+µ� ! Z⇤/�⇤ ! bb̄ is 15 pb, and the rate
of µ+µ� ! WW ⇤ ! 4 fermions is only 51 fb, as shown in Table I. Here, we consider all the decay modes of WW ⇤

because of its clear signature at a muon collider. The four-fermion backgrounds from Z�⇤ and �⇤�⇤ are smaller to
begin with and can be greatly reduced by kinematical considerations such as by requiring the invariant mass of one
pair of jets to be near mW and setting a lower cut for the invariant mass of the other pair. While the bb̄ final state
has a larger signal rate than that for WW ⇤ by about a factor of three, the latter has a much improved signal (S) to
background (B) ratio, about 100:1 near the peak.

For a given beam resolution, we assume that a scan procedure over the collider c.m. energy
p
s is available. The

current Higgs mass statistical error is about 0.4 GeV [1, 2] with an integrated luminosity of about 10 fb�1. Toward the
end of the LHC run with about 100 times more luminosity accumulated, it is conceivable to improve the statistical
error of the mass determination by about an order of magnitude. Then, the systematic errors would have to be
controlled to a best level. It was argued that an ILC could reach a similar or better accuracy [10]. We thus proceed
to scan over the energy in the range

126GeV ± 30MeV in 20 scanning steps. (3.3)

The energy scanning step is set at 3MeV, roughly the same size of the � and �h.
We first generate ideal data in accordance with a Breit-Wigner resonance at this mass convoluted with Gaussian

distribution of the beam energy integrated over
p
ŝ, as discussed before. These data are then randomized with a

Gaussian fluctuation with standard deviation
p
N , where N is the number of events expected for a given integrated

luminosity, summing both signal and background. The simulated events over the scanning points are plotted with
statistical errors for the assumed integrated luminosity as in Eqs. (2.4) and (2.5).
The results are shown by the solid curves in Fig. 2, for cases A and B as in Eq. (2.4) (left panels) and Eq. (2.5)

(right panels). The bb̄ and WW ⇤ final states are separately shown by the upper and lower panels, respectively.
We adopt a �2 fit over the scanning points with three model-independent free parameters in the theory �h, B and

mh by minimizing the �2. The fitting accuracies for the Higgs properties can be illustrated by the standard deviation,
denoted by ��h, �B, and �mh. These standard deviations are estimated by the standard method of projecting the
�2
min + 1 sphere to corresponding parameters. To see the e↵ects from the available luminosity, we show our results

for the SM Higgs width determination in Fig. 3 for both cases by varying the luminosity. The achievable accuracies
with the scanning scheme as specified in Eq. (3.3) by combining two leading channels are summarized in Table II for
three representative luminosities per step with the same 20-step scanning scheme.

IV. WIDTH DETERMINATION FOR A BROADER HIGGS BOSON

We now explore the unique feature of the direct width measurement for a broader resonance at a muon collider.
For definitiveness, we still work with a Higgs-like particle with a mass at 126 GeV, but with a total width of ten times

Effec#ve	  cross	  sec#ons	  (in	  pb)	  at	  the	  resonance	  for	  two	  choices	  of	  beam	  	  
energy	  resolu#ons	  R	  and	  two	  	  leading	  decay	  channels,	  with	  the	  SM	  branching	  	  
frac#ons.	  No	  radia#ve	  effects	  included.	  
	  

(arXiv:1210.7803v2	  )	  

	  	  "	  	  Further	  work	  is	  needed.	  	  	  



-‐	  	  No	  similar	  effects	  for	  e+e-‐	  colliders	  
Production cross sections at the e+ e- collider�

�� The production cross sections 
of the Higgs boson with the 
mass of 125 GeV for e+-e- as 
a function of the energy �s.  

�� The cross sections of the 
production processes as a 
function of the �s collision 
energy. 

�� The Higgs-strahlung diagram 
(Left), the W-boson fusion 
process (Middle) and the top-
quark association (Right). 

�� Double Higgs boson diagrams 
via off-shell Higgs-strahlung 
(Left) and W-boson fusion 
(Right) processes 
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	  	  	  	  	  	  	  	  Conclusions	  

•  Precision	  studies	  of	  the	  proper#es	  of	  the	  Higgs	  
are	  mandatory.	  

•  Various	  proposals	  of	  electron	  and	  muon	  
colliders	  have	  been	  put	  forward.	  

•  Muon	  colliders	  seem	  more	  appropriate	  for	  
measuring	  the	  Higgs	  width	  and	  couplings.	  
Sizeable	  radia#ve	  effects	  –	  of	  order	  50%	  or	  
larger	  –	  must	  be	  carefully	  taken	  into	  account	  
for	  precision	  measurements.	  
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Thank	  you	  !	  
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