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Enrico	Fermi			- American	Physical	Society,	NY,	Jan.	29th	1954
“What	can	we	learn	with	High	Energy	Accelerators		?	”

What	can	we	reasonably	submit	as	
input	to	the	EU	Strategy	update?	

ARIES	workshop	organized	with	perfect	timing	to	review	
status	of	the	art	studies,	available	technologies,

new	ideas	and	dreams





Higgs	needs	precise	studies
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Alain	Blondel Future	Colliders	



Lepton	Colliders	@	mH
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�(BW) ISR alone R (%) BES alone BES+ISR

µ
+
µ
�: 71 pb 37

0.01 17 10

0.003 41 22

e
+
e
�: 1.7 fb 0.50

0.04 0.12 0.048

0.01 0.41 0.15

Table 1. E↵ective cross sections in µ
+
µ
� (upper panel) collision in units of pb and e

+
e
� (lower

panel) collision in units of fb at the resonance
p
s = mh = 125 GeV, with Breit-Wigner resonance

profile alone, with ISR alone (Jadach-Ward-Was (b)), with BES alone for two choices of beam energy
resolutions, and both the BES and ISR e↵ects included.

3.1 The case for the muon collider

The muon collider Higgs factory features a line-shape scan of the Higgs boson, enables a si-

multaneous measurement of the Higgs boson mass, width and muon Yukawa at unprecedented

precision [3–5]. The inclusion of the ISR e↵ects make the prediction more robust.

In Table 1 we show the reduction e↵ects for the resonance production of the SM Higgs

boson at 125 GeV for a muon collider (upper panel) including BES and ISR. The resonance

production rate is reduced by a factor of 1.9 with the inclusion of ISR e↵ect with the parame-

terization of Jadach-Ward-Was (b). Independently, the production rate would be reduced by

factors of 4.2 and 1.7 for beam spread of 0.01% and 0.003% respectively.1 The total reduction

after the convolution of the beam spread and the ISR e↵ect is 7.1 and 3.2 for the two beam

spread scenarios, respectively.

To illustrate the resulting line-shape we show in Fig. 2 (left panel for a µ
+
µ
� collider)

for various setups of our evaluation. We show the sharp Breit-Wigner resonance in solid blue

lines. The BES will broaden the resonance line-shape with a lower peak value and higher

o↵-resonance cross sections, as illustrated by the green curves. The solid lines and dashed

lines represent the narrow and wide BES of 0.01% and 0.003%, respectively. The ISR e↵ect is

asymmetric below and above the resonant mass, because it only reduces the collision energy

by emitting photons, shown in the orange curve. In regions 10 MeV above the Higgs mass, the

ISR e↵ect increases the production rate via “radiative return” mechanism. Still, the overall

e↵ect is the reduction of on-shell rate as clearly indicated in the plot. In red lines we show

the line shapes of the Higgs boson with both the BES and the ISR e↵ect. We can see the

resulting line shape is not merely a product of two e↵ect but rather complex convolution,

justifying necessity of our numerical evaluation.

Having understood the ISR and BES e↵ects on the signal production rates and line shapes,

we now proceed to understand the e↵ect on the background. For the muon collider study, the

main search channels for the Higgs boson will be the exclusive mode of bb̄ and WW
⇤. For the

bb̄ final state the main background is from the o↵-shell Z/� s-channel production. The ISR

1
In comparison with the cross sections considering beam energy spread in our initial study [5], some small

numerical di↵erences are generated due to a di↵erent choice of the Higgs boson mass of 125 GeV instead of

126 GeV and correspondingly the di↵erent branching fractions and total widths.
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Back on the envelope calculation:

More precise determination done by M. Greco et al. (arXiv:1607.03210v2)

R: percentage beam energy resolution, key parameter 

U.S.$Muon$Accelerator$Program$$

  38 of 56 

• Lower beamstrahlung in a Muon Collider, enabling more effective beam constraints and 
sharper distributions for physics signals; 

• Typically smaller levels of beam polarization: 15% muon vs 80% electron polarization; 
• Beam shielding required in a Muon Collider limits acceptance in the forward direction. 

The radiation environment in a Muon Collider is similar to that at LHC, which will require 
detectors with moderate radiation hardness. 
 
Muon Collider beam energy can be measured with a precision better then 10–5 by utilizing the g-2 
spin precession of beam muons33.  With beam energy spread similar to the predicted 4.2 MeV 
width of the Higgs a model-independent measurement of the Higgs width could be the unique, 
flagship measurement of such a machine.  With straightforward event shape cuts the Higgs →
!!!signal/ background ratio can be close to 334.  A beam energy scan with 1 fb-1 integrated 
luminosity, counting the Higgs yield as a function of the center-of-mass energy, can establish the 
mass of the Higgs to a statistical precision better than 0.1 MeV and the width to better than 0.5 
MeV35 as shown in Figure 22.  Here the crucial factors are establishment, measurement, and 
maintenance of a small beam energy spread and precise monitoring of the beam energy.  
Figure 23 shows the cross section of a possible Higgs Factory Muon Collider detector consisting 
of precise tracking, calorimetry and muon detection.  Shielding of detectors from beam-induced 
radiation is discussed later in this section. 

 

Figure 22: Simulated bb̄ event counts from a 1 fb-1 scan across a 126 GeV Higgs peak assuming 4.2 MeV 
beam energy spread. 
 
 
 
 

                                                        
33 R. Raja, A. Tollestrup, Phys. Rev. D 58, 013005 (1998). 
34 A. Conway, H. Wenzel, arXiv:1304.5270. 
35 T. Han, Z. Liu, arXiv:1210.7803. 



ARIES	– Padova	July	3,	2018 Nadia	Pastrone 6



Muon	vs	Hadron	Collider
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M.	Boscolo,	MAC,	LNGS,	10	Oct.	
2017
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New	comparison



Neutrinos	hazard	and	background	studies
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Neutrinos	hazard	and	background	studies
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Quest	for	the	Muon	Collider
• Physiscs motivations
• Machine	studies:

– results
– needed	simulations	and	R&Ds

• Backgrounds	and	radiation	hazards	on:
– machine
– detector

• International	community
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WG	mandate	to	submit	a	document
The	Laboratory	Directors	Group	@	CERN	formed	a	Muon	Colliders	Working	Group	
in	charge	to	prepare	the	input	for	discussion	towards	the	2020	European	Particle	
Physics	Strategy	Update	(EPPSU)
• The	goal	of	the	WG	is	to	assess	the	present	status	of	past	studies	in	the	field	

and	to	identify,	review	and	recommend	further	R&D to	be	compared	to	the	
other	future	accelerator	projects	for	HEP	(lepton	and	hadron	colliders):
– common	physics	benchmarks	as	well	as	a	set	of	machine	parameters	

must	be	agreed	and	defined
– different	options	must	be	evaluated	to	highlight	potential	and	issues.
– feasibility	studies	could	be	proposed	to	complete	the	study	after	2018	on	

novel	ideas,	while	issues	and	resources	need	to	be	estimated
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Jean Pierre Delahaye, CERN
Marcella Diemoz, INFN. Italy
Ken Long, Imperial College, UK
Bruno Mansoulie, IRFU, France
Nadia Pastrone, INFN, Italy, chair

Daniel Schulte, CERN
Andrea Wulzer, EPFL and CERN
Lenny Rivkin, EPFL and PSI, Switzerland (ex 
officio)
+++  MAP, LEMMA et al. support/discussions



Personal	view
• Not	a	comprehensive	review
• Many	discussions	and	new	ideas
• Such	a	new	challenging	machine	and	detector	
to	train	a	new	generation	of	experimental	
physicists	(accelerator	and	detector	experts)
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Many thanks to ARIES 
and	Padova group 
for	the	organization
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extra
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INPUT	Guidelines
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February 2018 

  
 

Contact:  
EPPSU-Strategy-Secretariat@cern.ch  

 
 
 

Guidelines for submitting input for the 2020 update of the 
European Strategy for Particle Physics 

 
 
Cover page (1 page) 
Each document submitted should carry a single cover page containing no more 
than the title, the contact person(s) and an abstract.  
 
Comprehensive overview (maximum 10 pages) 
This core part of the document must be no more than 10 pages long (excluding the 
cover page) and must provide a comprehensive and self-contained overview of the 
proposed input. It should address: 

x scientific context, 
x objectives, 
x methodology, 
x readiness and expected challenges. 

 
Addendum 
A separate addendum is to be provided addressing the following topics (where 
relevant): 

x interested community, 
x timeline, 
x construction and operational costs (if applicable), 
x computing requirements. 

 
Format and deadline for submission 
The cover page and the comprehensive overview are to be submitted as a single 
file, the “main document”, in portable document format (pdf) by 18 December 
2018. The addendum is to be submitted as a separate file by the same deadline. A 
dedicated submission portal will be available on the EPPSU website as of October 
2018, once the Strategy update has been formally launched by the Council at its 
September 2018 Session. The link to the EPPSU website will appear on the CERN 
Council’s web pages - https://council.web.cern.ch/en - and be widely 
communicated through the appropriate channels. 
 
Distribution 
Both documents submitted (main and addendum) will be passed on to the Physics 
Preparatory Group (PPG) and the European Strategy Group (ESG). Unless 
explicitly requested otherwise, they will also be made public. The option not to 
make either document public will be available upon submission via the dedicated 
portal. 

February 2018 

  
 

Contact:  
EPPSU-Strategy-Secretariat@cern.ch  

 
 
 

Guidelines for submitting input for the 2020 update of the 
European Strategy for Particle Physics 

 
 
Cover page (1 page) 
Each document submitted should carry a single cover page containing no more 
than the title, the contact person(s) and an abstract.  
 
Comprehensive overview (maximum 10 pages) 
This core part of the document must be no more than 10 pages long (excluding the 
cover page) and must provide a comprehensive and self-contained overview of the 
proposed input. It should address: 

x scientific context, 
x objectives, 
x methodology, 
x readiness and expected challenges. 

 
Addendum 
A separate addendum is to be provided addressing the following topics (where 
relevant): 

x interested community, 
x timeline, 
x construction and operational costs (if applicable), 
x computing requirements. 

 
Format and deadline for submission 
The cover page and the comprehensive overview are to be submitted as a single 
file, the “main document”, in portable document format (pdf) by 18 December 
2018. The addendum is to be submitted as a separate file by the same deadline. A 
dedicated submission portal will be available on the EPPSU website as of October 
2018, once the Strategy update has been formally launched by the Council at its 
September 2018 Session. The link to the EPPSU website will appear on the CERN 
Council’s web pages - https://council.web.cern.ch/en - and be widely 
communicated through the appropriate channels. 
 
Distribution 
Both documents submitted (main and addendum) will be passed on to the Physics 
Preparatory Group (PPG) and the European Strategy Group (ESG). Unless 
explicitly requested otherwise, they will also be made public. The option not to 
make either document public will be available upon submission via the dedicated 
portal. 

February 2018 

  
 

Contact:  
EPPSU-Strategy-Secretariat@cern.ch  

 
 
 

Guidelines for submitting input for the 2020 update of the 
European Strategy for Particle Physics 

 
 
Cover page (1 page) 
Each document submitted should carry a single cover page containing no more 
than the title, the contact person(s) and an abstract.  
 
Comprehensive overview (maximum 10 pages) 
This core part of the document must be no more than 10 pages long (excluding the 
cover page) and must provide a comprehensive and self-contained overview of the 
proposed input. It should address: 

x scientific context, 
x objectives, 
x methodology, 
x readiness and expected challenges. 

 
Addendum 
A separate addendum is to be provided addressing the following topics (where 
relevant): 

x interested community, 
x timeline, 
x construction and operational costs (if applicable), 
x computing requirements. 

 
Format and deadline for submission 
The cover page and the comprehensive overview are to be submitted as a single 
file, the “main document”, in portable document format (pdf) by 18 December 
2018. The addendum is to be submitted as a separate file by the same deadline. A 
dedicated submission portal will be available on the EPPSU website as of October 
2018, once the Strategy update has been formally launched by the Council at its 
September 2018 Session. The link to the EPPSU website will appear on the CERN 
Council’s web pages - https://council.web.cern.ch/en - and be widely 
communicated through the appropriate channels. 
 
Distribution 
Both documents submitted (main and addendum) will be passed on to the Physics 
Preparatory Group (PPG) and the European Strategy Group (ESG). Unless 
explicitly requested otherwise, they will also be made public. The option not to 
make either document public will be available upon submission via the dedicated 
portal. 

ARIES	– Padova	July	3,	2018 Nadia	Pastrone


