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Scenario	A:	multi-quark	
bags	produced	at	the	
phase	boundary

Baseline	model	for	soft	light	flavor	
particle	production	in	heavy-ion	
collisions:
fireball	in	local	thermodynamic	
equilibrium

Success	of	hydrodynamics	(spectral	
shape	via	radial	flow,	elliptic	flow)	à
kinetic	equilibrium.
Success	of	thermal-statistical	model	
for	hadronisationà chemical	
equilibrium.

èWorks	also	for	light	(anti-)(hyper-)	
nuclei	despite	Tkin/chem >>	EB!



Scenario	B:	only	coalescence

Che-Ming	Ko



Scenario	B:	only	coalescence
A.	Botvina

Different
coalescence	parameters
needed	for	different	nuclei.

à To	be	directly	deduced	from
wave	function.	There	should
be	no	“fit”	to	the	data.

à Probing	(anti-)nuclei	with
very	different	wave	functions
should	provide	the	crucial	test.



Scenario	C:	coalescence	with	
memory

Che-Ming	Ko



In	an	ideal	world,	we	would	compare	anti-6Li	to	anti-6He.	But	this	would	need	a	
dedicated	detector	at	the	FCC	and	we	would	still	only	see	a	handful.

Borromean	islands
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The	way	forward	(1)

• The	best	quantitative
description	is	currently	only	
available	from	scenario	A.

• We	need	quantitative
predictions/calculations	from	
coalescence	for	all relevant	
(anti-)(hyper-)nuclei
à Crucial	test:	wide	wave-
function	of	the	hyper-triton

• In	the	foreseeable	future,	we	
will	have	3He/hyper-triton	
measurements	at	the	10%	
level.



The	way	forward	(2)

à If	we	want	to	make	a	point	with	the	hyper-triton,	
we	have	to	understand	the	hyper-triton.	Luckily,	
hyper-nuclei	are	not	only	interesting	for	heavy-ion	
physicists	

Tullio	Bressani



lifetime of Hypernuclei

τ =	208.8	ps

for	heavy	systems	τ	was	obtained	indirectly from	delayed	fission
induced	by	the	energy	release	in	NMWD	of	Hypernuclei	produced
with	p (CERN)	or	p	(COSY)	beam.			

results	strongly	dependent	
on	theoretical	calculations!10

Tullio	Bressani



lifetime of Hydrogen Hyperisotopes

He bubble
chambers

 ps 193 w.a. 15
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(heavy) ions
collisions
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~20 yearsphotographic
emulsions

 ps 203 w.a. 40
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M. Agnello et al., NPA 954 (2016) 176

Interest	raised	in	the	last	few	years
thanks	to	results from	STAR,	HypHI and	ALICE

hot	topic	in	this	Workshop!
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Tullio	Bressani



It	is	not	only	relevant	for	our	
community..
…	we	have	to	understand	the	production	of	(anti-
)(hyper-)matter	in	accelerator	based	experiments	
before	we	can	search	for	anti-nuclei	from	new	
physics	in	the	universe



F.	Donato



K.	Blum



Understanding	forward	rapidities (1)

K.	Blum



Understanding	forward	rapidities (2)

J.	Kapusta



Exciting	times!

Is	this	more	than	coalescence?
Dark	matter	in	the	universe	/	multi-quark	bags	
formed	at	the	QGP<->hadron	phase	transition	

Stachel,	Redlich,	Andronic,
Braun-Munzinger

M.	Duranti,	AMS


