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Large LXe Prototype 
Overview  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2Liquid Xenon Calorimeter for PIONEER  
 
▪ Pros:	

▪ Dense	(X0=2.87cm,	RM=5.22cm),	very	bright,	no	radioactivity,	 

	high	intrinsic	energy	resolution	in	light-only	mode	has	been	
demonstrated	by	MEG,	PSD


▪ Homogeneous	volume,	no	dead-material	within	the	fiducial	
volume,		response	variation	as	a	function	of	angle	is	solely	
geometry-dependent.		For	symmetry	reasons	variations	are	very	
small	in	the	 0-90	deg	region


▪ Can	be	purified,	is	a	commodity	(can	be	re-used,	re-shaped,	sold!),	
MEG	owns	2/3+	of	what	we	need


θ =

▪ Is	a	liquid	:	its	shape	can	be	optimized	for	the	final	beam	(see	talk	by	Ben)

▪ Current	geometry	allows	precise	position	identification	of	particles	entering	the	volume	(incl.	beam,	Bhabha	

scattered	events	etc	entering	through	the	cone)

▪ Timing	resolution,	position	resolution,	pileup	identification	performance,	see	Ayaka’s	talk	(work	in	progress)	
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3Liquid Xenon Calorimeter for PIONEER  
 
▪ Open	questions:	


▪ technical	:		a	key	feature	of	the	design	relies	on	thin	SiPM		
on	the	inner	window 
A	Chip-on-Film	arrangement		(see	Wataru’s	talk)	would	
only		minimally	affect	the	energy	resolution	while	
providing	excellent	position	resolution	and	pileup	
identification.		R&D	stage	with	Hamamatsu.	Arrangement	
in	a	sphere,	cabling	routing	need	prototyping	and	in-situ	
testing


▪ mechanical	:	Two	thin	windows	separate	ATAR	region	from	the	LXe	volume.	Curent	design	
is	based	on	KEK	expertise	(see	talk	by	Satoshi).	Structural	integrity	needs	be	tested

▪ performance:		response	function	to	70	MeV	e+	beam	needs	to	be	measured	(magnitude	of	photo	
nuclear	events	etc		)	-	confirm	potential	sub	1%	energy	resolution,	confirm	tail	below	0.5%,	position	
resolution,	pileup	suppression		 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4Liquid Xenon Calorimeter for PIONEER  
 
▪ Simulation	


▪ pileup	unfolding	(energy	and	time	dependency)

▪ low	energy	part	of	the	spectrum

▪ tracker	KPP

▪ need	for	veto

▪ use	of	gamma	conversion	depth	for	radiative	decays

▪ …..
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5Large LXe prototype   
 
▪ Why	do	we	need	a	prototype? 

-	>	provide	an	answer	to	open	questions 
+	benchmark	simulations

▪ technical	feasibility

▪ mechanical/structural	feasibility	

▪ physics	performance 

Not to scale!

~ 1/10 of the volume 
Very similar performance to the full detector in 

the forward direction 

▪ Next	talk	by	Emma	will	show	performance	from	
simulation.	In	this	configuration	tail	and	Energy	
resolution	comparable	to	the	full	PIONEER	calo	in	
the	forward	direction 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6Large LXe prototype   
  ▪ For	the	large	prototype	we	will	reuse	MEG	large	prototype	cryostat	


▪ saves	cost	but	is	also	well	motivated	in	terms	of	performance	(see	Emma’s	talk)


  ▪ The	prototype	and	associated	cryogenic	/	purification	system	will	be	
assembled	on	a	platform	-	can	be	rotated	to	study	angle	dependence	 
Preparatory	work	(purification,		calibration,	test	with	comics	etc)	can	be	
done	outside	of	the	beam	area	-		craning	to	area	for	data	taking


drawing	by	PSI

▪ ~200	L	of	Xenon	required	 
Contribution	from	 
University	of	Tokyo 
BNL 
TRIUMF 
+	CFI
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7Planning & Funding 
 

▪ resource	-	loaded	GANTT	in	progress	


▪ simplified	timeline	
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Large	Prototype	task	scheduling


Planning & Funding 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▪ LXe	calo	is	a	promising	technology	-	focus	on	simulations	to	address	KPPs	wrt	to	other	detector	KPPs	+	
investigate	data	rate		


▪ A	large	prototype	is	needed	to	confirm	technical	and	mechanical	design	and	physics	performance	

▪ Target	a	Beamtime	at	PSI	(PiM1)	in	2026	(before	shutdown):	Tough	timeline

▪ Potentially	with	a	minimal	version	of	the	CoF	SiPM	(fewer	channels	-	only	in		the	forward	direction)

▪ Plan	for	~200	channels	for	the	DAQ

▪ Move	the	setup	to	TRIUMF	during	PSI	shutdown.	Beamtime	in	2027/2028	in	planning	

▪ CFI	funding	request	is	being	finalized	(first	selection	stage	successful)	.	Final	submission	Feb	4th.

▪ Decision	known	in	Nov	2025

▪ Preparation	work	will	happen	in	2025	-	buy	remaining	Xenon	once	CFI	decision	known		(see	presentation	in	

the	funding	session	on	Friday)	 
	


 

Summary


