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Tetraneutron experiment: history
• More	than	50	years	of	tetraneutron	searches
• For	historical	survey	see	R.	Ya.	Kezerashvili,	
arXiv:1608.00169 [nucl-th]	(2016)

• Early	studies:	4He(𝜋", 𝜋$)4n	reaction	−	no	resonance	or	
bound	state

• Later:	7Li(11B,14O)4n;	7Li(7Li,10C)4n	−	no	evidence	for	4n
• F.	M.	Marqués	et	al.,	Phys.	Rev.	C	65,	044006	(2002):											

14Be	→	10Be	+	4n	－	bound	tetraneutron	???	
Not confirmed... Experimental program stopped...



Tetraneutron

K.	Kisamori et	al.,	Phys.	Rev.	Lett.	116,	052501	(2016):	
ER =	0.83	± 0.63(statistical)	± 1.25(systematic)	MeV;	width		Γ ≤ 2.6MeV

More	experimental	data	are	expected
Other	experiments	are	starting



Tetraneutron	experiment:	future



Tetraneutron	experiment:	future



Tetraneutron	theory:	history
• For	a	historical	survey	see	R.	Ya.	Kezerashvili,	arXiv:1608.00169 [nucl-th]	(2016)
• There	was	a	lot	of	theoretical	studies	of	tetraneutron	starting	from	1970’s	with	
various	NN and	NNN	interactions	within	various	approaches:	democratic	decay	
(hyperspherical approach),	Faddeev−Yakubovsky equations,	Gamow	shell	
model,	complex	scaling,	analytic	continuation	in	the	coupling	constant,	various	
bound	state	techniques…

• An	undoubtful	conclusion:	no	tetraneutron	bound	state
• No	indication	in	previous	studies	of	a	resonance	at	low	enough	energies	and	
narrow	enough	to	be	detected	experimentally	from	 numerous	studies	allowing	
for	continuum

• There	were,	however,	some	indication	on	a	possible	low-lying	tetraneutron	
resonance	from	some	bound-state	calculations…



Tetraneutron:	an	example	of	
an	indication	on	a	possible	low-lying	tetraneutron	
resonance	from	GFMC	bound-state	calculations



Tetraneutron:	an	example	of	a	recent	study	
of	a	possible	low-lying	tetraneutron	resonance



Tetraneutron theory: history

• So,	an	undoubtful	conclusion:	no	tetraneutron	bound	state
• No	indication	in	previous	studies	of	a	resonance	at	low	enough	energies	
and	narrow	enough	to	be	detected	experimentally	from	 numerous	
studies	allowing	for	continuum

• We,	however,	obtain	such	a	resonance	within	a	newly	developed												
SS-HORSE-NCSM	approach	with	our	JISP16	NN interaction	fitted	to	NN
data	and	properties	of	light	nuclei:	AMS	et	al.,	Phys.	Rev.	Lett.	117,	
182502	(2016):	ER =	0.8 MeV;	width	Γ =	1.4 MeV



Our approach
• Our	approach:	No-core	Shell	Model	(NCSM)	+	SS-HORSE	technique	to	
calculate	S-matrix	at	the	NCSM	eigenstates	(more	details	in	A.	Mazur’s	
talk	today):

• Calculating	a	set	of	𝐸, eigenstates	with	different	ℏΩ and	𝑁012 within	the		
NCSM,	we	obtain	a	set	of	𝛿 𝐸, 	values	which	we	can	approximate	by	a	
smooth	curve	at	low	energies;	the	𝛿 𝐸, parametrization	includes	pole	
terms	associated	with	resonances,	etc.

• Specific	for	tetraneutron	is	the	democratic	decay
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S-matrix at low energies
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Tetraneutron
• Democratic	decay	(no	bound	subsystems)
• Hyperspherical	harmonics:
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Approximation:

the only open channel is with L = Lmin = Kmin + 3 = 5.

All possible L (K) values are accounted for in diagonalization of the

NCSM Hamiltonian



Tetraneutron
S-matrix: S = exp 2i�L
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Tetraneutron, JISP16

Resonance	parameters:
Er =	186	keV,	Γ =	815	keV.
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A	resonance	around								
Er =	850	keV with	width	
around	Γ =	1.3	MeV	is	
expected!

Can	it	be	a	virtual	state? No.



Tetraneutron, JISP16

Can	it	be	a	combination	of	a	
false	pole	and	resonant	pole:
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Yes!
Resonance	parameters:
Er =	844	keV,	Γ =	1.378	MeV,
Efalse =	-55	keV.
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Tetraneutron, JISP16

Options:
Resonance	parameters:
Er =	844	keV,	Γ =	1.378	MeV,
Efalse =	-55	keV.
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Comparison

Or	
Er =	186	keV,	Γ =	815	keV ???



The 2018 development
Larger	model	spaces	(up	to	𝑁056 = 26) and	smaller	ℏΩ values:
We	get	phase	shifts	at	smaller	energies	and	find	that	it	is
impossible	to	fit	𝛿 ∼ 𝑘;; at	low	energies

Origin:
Hyperspherical	potentials	are
long-ranged:	𝑉 ∼ 𝜌"> for	3	bodies,
for	4	bodies?

The	long-range	𝑉 ∼ 𝜌">	(? ) behavior	of	
hyperspherical potentials	spoils	the	phase	
shifts	at	low	energies	and	results	in	
convergence	problems	at	large	𝑁012

Such	a	slow	decrease	of	the	interaction
spoils	the	phase	shifts	at	low	energies



The 2018 results with JISP16
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Before	2018:	convergence	seems	to	be	
achieved	at	𝑁012 ≤ 18	

At	2018:	convergence	seems	to	be	not
achieved	when	larger	𝑁012 were	calculated



The 2018 results with JISP16
At	2018:	however,	the	convergence	seems	to	be	achieved	at	the	smallest	energies



The 2018 development
• To	resolve	this	problem	we	use	the	J-matrix	inverse	scattering	approach	
(S.	A.	Zaytsev,	Theor.	Math.	Phys.	115,	575	(1998);	AMS	et	al,	PRC	70,	044005	
(2004);	PRC	79,	014610	(2009));	i.e.,	we	construct	an	interaction	as	a	finite	
tridiagonal	matrix	in	the	oscillator	basis	describing	our	SS-HORSE	
hyperspherical	phase	shifts	obtained	with	some	𝑁012 value	and	search	
numerically	for	the	S-matrix	poles.

• Ideally	we	need	to	construct	the	infinite	potential	matrix	to	guarantee	the	
description	of	the	long-range	𝜌"> interaction	tail,	but	...	

• So,	we	construct	a	set	of	interaction	matrices	of	increasing	rank	N,	obtain	the	
poles	and	extrapolate	the	resonant	energies	and	widths	supposing	their	
exponential	convergence	with	N.



The 2018 results:
inverse scattering phase shifts



The 2018 results:
inverse scattering phase shifts

With	larger	matrix	of	the	
inverse	scattering	
potential	(and	larger	ℏΩ
value)	we	describe	phase	
shifts	in	a	larger	energy	
interval



The 2018 results: resonance
energy and width for 𝑵𝐦𝐚𝐱 = 𝟐𝟔



The 2018 results: resonance 
energy and width for various 𝑵𝐦𝐚𝐱



The 2018 results: 
surprisingly, we have two resonances



The 2018 JISP16 results: extrapolated 
resonance energies and widths

𝐸 ≈ 0.29	MeV, Γ ≈ 0.85	MeV 𝐸 ≈ 0.8	MeV, Γ ≈ 1.3	MeV
Before	we	had:

Er =	186	keV,	Γ =	815	keV
Er =	844	keV,	Γ =	1.378	MeV,
Efalse =	-55	keV



The 2018: extrapolated resonance energies 
and widths with various interactions

𝐸 ≈ 0.3	MeV, Γ ≈ 0.85	MeV 𝐸 ≈ 0.8	MeV, Γ ≈ 1.3	MeV
Before	we	had	with	JISP16:

Er =	186	keV,	Γ =	815	keV
Er =	844	keV,	Γ =	1.378	MeV,
Efalse =	-55	keV



Conclusions
• We	obtain	two	low-lying	narrow	enough	resonances	in	tetraneutron	with	various	
modern	interactions	in	the	minimal	democratic	approximation

• We	plan	to	include	more	HH	with	𝐾 = 𝐾0RS, 𝐾 = 𝐾0RS + 2, 𝐾 = 𝐾0RS + 4, etc.,	to	
verify	the	validity	of	the	minimal	democratic	approximation

• Clearly,	more	experimental	information	is	desired	and	awaited
• Unfortunately,	experimentalists	don	not	measure	S-matrix	poles	but	cross	sections;	
reaction	mechanism	may	be	very	important

• Thank	you!


