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Conventional	production:	
						from	proton	on	target	π, K decays	from	proton	on	target	have		typical	Pµ~ 100 
MeV/c (π, K rest	frame)	whatever	is	the	boost	PT will	stay	in	Lab	frame	à      
              very	high	emittance	at	production	point	 à cooling	needed!	

Advantages:	
1.   Low	emittance	possible:	Pµ is	tunable	with	√s	in		e+e-àµ+µ-		Pµ can	be	very	

small	close	to	the	µ+µ-	threshold		
2.   Low	background:	Luminosity	at	low	emittance	will	allow	low	background	and	

low	ν	radiation	(easier		experimental	conditions,	can	go	up	in	energy)	
3.   Reduced	losses	from	decay: muons	can	be	 produced		with	a	relatively	high	

boost	in	asymmetric	collisions	
4.   Energy	spread:	Muon	Energy	spread	also	small	at	threshold,	it	gets	larger	as	√s	

increases,	one	can	use	correlation	with	emission	angle	(eventually	it	can	be	
reduced	with	short	bunches)	

Disadvantages:	
							Rate:	much	smaller	cross	section	wrt	protons	
              σ(e+eàµ+µ-)	~	1	µb	at	most											
							i.e.	Luminosity(e+e-)=	1040	cm-2	s-1		à	gives	µ	rates	1010	Hz	
	

HERE:	 Muons	produced	from	e+e-à	µ+µ-	at	√s	around	the	
µ+µ-	 threshold	 (√s~0.212GeV)	 in	 asymmetric	
collisions	(to	collect	µ+	and	µ-	)	

Possible Schemes 
With	low	energy	e+	beam	(in	the	GeV	range):	

1.  Conventional	asymmetric	collisions	(required	L	is	beyond	current	knowledge)	
2.  Positron	beam	interacting	with	continuous	beam	from	electron	cooling	(too	

low	electron	density	need	1020electrons/cm-3	to	obtain	an	reasonable	
conversion	efficiency	to	muons)	

à  Electrons	at	rest	is	the	only	viable	option		
3.  e+	on	Plasma	target	(focusing	from	pinch	effect,	high	density…more	studies)	
4.  e+	on	standard	target	(crystals	are	a	good	option)	

–  Need	Positrons	of	~45	GeV			
–  Get	γ~200	and	laboratory	lifetime	of	about	500	µs		

Ideally	muons	will	copy	the	positron	beam	

e+	beam	 Beam	with	e+	and	µ+µ-			target	
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Introduction	

1	mrad	

•  Heavy	materials	
–  minimize	emittance		
–  high	e+	loss	(Bremsstrahlung	is	dominant)	

•  Very	light	materials	
–  maximize	production	efficiency		è  H2		
–  even	for	liquid	need	O(1m)	target	è emittance		increase			

•  Not	too	heavy	materials(Be,	C	)		
–  Allow	low	emittance	with	small	e+	loss		

optimal:	not	too	heavy	and	thin	

Target 
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•  Positron	ring	plus	target	
optimization:	
–  Matching	of	emittance	

contributions	
–  Increase	momentum	acceptance	
–  Optimization	of	ring	

circumference	

•  Design	of	muon	accumulators:	
–  High	momentum	acceptance	
–  Design	beams	separation	
–  Design	target	region		

•  Positron	source		
–  High	rate	positron	source	

	

14	TeV	μ-collider	nearly	as	
good	as	the	FCC	at	100	TeV	

		
MUON	COLLIODER	

AT	CERN	
Thesis	on	
Accelerator	physics	

Accelerator	
	scheme	

•  Test	at	DAFNE	
•  beam	diagnostic	

Thesis	on	experimental	HE	physics	
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