
1)	Shell	evolu+on	far	from	stability	and	related	theory	->	see	also	Ma:a,	Nowacki		

2)	Evolu+on	of	pairing	towards	the	drip	line	

3)	Clustering	towards	the	drip	line	(di-proton,	di-neutron,	quasi-molecular	states)	

4)	Study	of	in-medium	clustering		

5)	Emergence	of	halo	&	Borromean	states	and	related	proper+es	

6)	Broken	mirror	symmetries	->	see	also	Nowacki	

7)	Giant	and	pigmy	modes	in	exo+c	nuclei	->	see	Hammache,	Gulminelli	

8)	Synergy	with	other	quantum	systems.	

PHYSICS		AT	THE	DRIP	LINES	(Topics	addressed	in	GT1	of	GDR	Resanet	)	

Mild changes / almost same models Drastics change / new models and concepts needed   

OR   
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Evolu+on	of	nuclear	structure	far	from	stability	(RIKEN)		
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	Is	N=16	a	truly	new	magic	number	?	
->	Study	of	excited	states	of	N=16	isotones	below	24O	
	
To	which	extent	does	N=20	disappears	as	well	in	28O,	supposed	to	be	DOUBLY	magic?	
->	Study	of	excited	states	in	28O	
	
Future:	Benefit	from	higher	neutron	efficiency	and	RIBF	intensity	(x10)	in	2025	

@	RIKEN/SAMURAI	

N.L.	Achouri,	F.	Delaunay,	F.	Flavigny,	J.	Gibelin,	F.	M.	Marquès,	F.	de	Oliveira	Santos,	N.	Orr,	O.	Sorlin,	M.	Parlog...

Change	of	paradigm	in	nuclear	physics:		
Systema+c	disappearance	of	magic	nuclei	8,	20,	28	
far	from	stability	



Evolu+on	of	nuclear	structure:	the	role	of	nuclear	forces	/	con+unuum	
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What	are	the	underlying	mechanisms	for	this	substan+al	shell	changes	?	
		
	
How	pn	forces	are	modified	with	large	pn	binding	asymmetry	?	
	
->	Study	shell	evolu+on	of	N=17	isotones	
	
Are	there	new	expected	magic	nuclei	?	
	
	
Unique	way	to	understand	nuclear	forces	for	a	be:er	predictability	in	heavier	nuclei	
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2p	?	

4+	

24Ne	

2+	
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0+	

(2+)	

?	
Would	the	vibra+onal	character	of	a	nucleus		
be	preserved	in	its	mirror	nucleus	?		
	
Dras+c	influence	on	p	captures	in	X-ray	bursts	
Study	of	2p	decay	and	correla+ons	

γ

16F 

16N 

π(2s1/2)		

ν(2s1/2)		

	
16F	unbound	by	535	keV		
	
Complete	reordering	of	the	orbits	
between	the	A=16	mirror	nuclei	
	
Effec+ve	pn	interac+on	reduced	by		
50%	owing	to	the	con+nuum	

N.L.	 Achouri,	M.	 Assié,	 D.	 Beaumel,	 Y.	 Blumenfeld,	 F.	 Flavigny,	 J.	 Gibelin,	 S.	 Grévy,	 F.	 Hammache,	 A.	
Ma:a,	F.	de	Oliveira	Santos,	O.	Sorlin,	I.	Stefan	...

Breaking	of	mirror	symmetry	in	open	quantum	systems		

Perspec+ves	@	GANIL/GRIT		...	

Could	a	doubly	magic	nucleus	become	
deformed	in	its	mirror	reflexion	?		
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Trend	of	Sn(N)	as	a	probe	of	shell-closure	and	pairing	

Reduced	odd-even	Sn	oscilla+ons	at	the	
drip	line	as	compared	to	calcula+ons	
	
->	change	of	pairing	regime?	
->	Role	of	pn	interac+on?		
->	analogy	with	gapless	supracond	?	
	
Extend	studies	further	away	from		
Stability	at	RIKEN	

Study	of	1n	and	2n	decays	of	unbound	
nuclei	allows	accurate	determina+ons		
of	Sn	beyond	the	drip	line	
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N.L.	Achouri,	F.	Delaunay,	F.	Flavigny,	J.	Gibelin,	
F.	M.	Marquès,	N.	Orr,	M.	Parlog,	O.	Sorlin	...
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BEC	
Strong	interac+on	
	
Bound	pairs	(bosons)	in	free	space	
	
Boson	condensate	in	medium	

ξ/d	<<1,	∆/EF	>	1	

BCS	
Weak	interac+on	
	
No	bound	pair	in	free	space	
	
Cooper	pairs	formed	in	medium	

ξ/d	>1,	∆/EF	<<	1	

Evolu+on	of	pairing	between	BCS	and	BEC			
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direct	

sequen+al	

Direct+seq	

Study	of	2n	and	4n	correla+ons	towards	the	drip	line	

Use	deeply-bound	nucleon	quasi-free	knockout	

->	Promote	2n	and	4n	in	the	con+nuum	

->	Study	2n	and	4n	decays	(direct/sequen+al)	

p	 n	 p	 n	 p	 n	

doorway	state	
FSI	

S2n	

Ed	

Analogy	with	photoemission	of	
Cooper	pairs		Wehlitz	PRL	(2012)	

@	FAIR/R3B/NeuLAND,	RIKEN/SAMURAI/NEBULA		

->	Evolu+on	of		rnn	with	binding	energy	and	A	

->	Study	the	role	of	the	reac+on	mechanism	

Complete	the	neutron	wall,	Si	tracker	and	CALIFA			

Ppair	emission	≈	85%	
rnn	≈	4	fm	(R=3.1	fm)	
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19N(-1p)18C*	->	16C+n+n	

18C	

14C	
Ex
pe

rim
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t	
C	isotopes	

4n	correla+ons	
M.	Assié,	D.	Beaumel,	A.	Chbihi,	F.	Flavigny,	M.	Marques,	F.	de	Oliveira	Santos,	O.	Sorlin,	G.	Verde...

A.	Revel	et	al.	PRL	(2018)	
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FAIR	
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(X+An)*	

Study	of	mul+-neutron	emission	from	ground	and	excited	states			

An:	Be:er	modelling	of	ab-
ini+o	nuclear	forces		
	
X+An	&	(X+An)*:		
Characterize	An	decays	and	
correla+ons		
	
Iden+fy	molecular	states	
e.g.	correla+ons	between	
clusters	and	neutrons	
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Need	of	very	high	granularity	and	efficiency	neutron	arrays	
	->	upgrade	of	Nebula	at	RIKEN,	more	double	planes	and	larger	distance	of	NeuLAND	at	FAIR	



Understanding	the	2p	process	requires	modeling	of	the	nuclear	structure	and	the	dynamics	

The	2p	radioac+vity	is	very	a	rare	process.	
The	life+me	of	the	nucleus	should	be	long	enough	to	call	it	‘radioac+vity’.	
	
	
It	is	found	when	the	1p	daughter	is	unbound	and	when	the	2p	are	trapped	inside	a	barrier	

Goals	and	prospects	on	2p	decay	radioac+vity		
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	 Δ
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P.	Ascher,	B.	Blank,	M.	Gerbaux,	J.	Giovinazzo,	S.	Grévy,	T.	Kurtukian-Nieto,	F.	de	Oliveira	Santos,	T.	Roger,		J.C.	Thomas...
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54Ni	

AME	2016	
isotopes	

45Fe	

48Ni	

54Zn	

67Kr	

	?		

Perspec+ves	on	the	study	of	2p	decay	radioac+vity			

GANIL,	RIKEN,	GSI	

Studies	of		doubly	magic	48Ni,	of	54Zn	and	the	deformed	67Kr	
	
Iden+fy	new	(heavier)	2p	emi:ers	
	
Measure	the	corresponding	2p	decays	and	proper+es		
	
Strong	connexions	with	theories	to	interpret	the	decay	pa:erns	
	

54Ni	



Does	the	ikeda	conjecture	apply	to	di-	or	tetra-	nucleon	configura+ons?	
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(J.	Okolowicz,	et	al.		Prog.	Th.	Phys.	Supp.	196	(2012))	

Ikeda	conjecture	:	Existence	of	narrow	cluster	states	at	the	corresponding	energy	thresholds	
	
->	Decisive	impact	for	12C	and	16O	produc+on	in	massive	stars	by	α	captures	
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Search	for	2p	cluster	configura+ons	around	S2p	threshold	
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Search	for	other	2p	decays	
	and	characterize	their	decays	
	
Role	for	2p	captures	in	stars	?	
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26F+2n 1200	

E(keV)	

1300	

RIKEN	

Narrow	states		≈S2n		systema+cally		present	->	use	models	including	con+nuum	to	understand	
	
What	is	the	γ-	wrt	1n-	or	2n-	decay	of	such	states,	possibly	spa+ally	extended	
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Are	there	narrow	resonances	around	S4n	->	4n	clustering	?		
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Such	narrow	resonances	close	to	S2n	may	dras+cally		enhance	n	captures	in	the	r	process	

N.L.	Achouri,	F.	Delaunay,	F.	Flavigny,	J.	Gibelin,	F.	M.	Marquès,	F.	de	Oliveira	Santos,	N.	Orr,	O.	Sorlin,	M.	Parlog...



Evolu+on	of	nuclear	α	clustering	in	neutron-rich	nuclei	
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Decay	between	two	unbound	
states	of	a	rota+onal	band	
	
->	Search	for	other		cases	to									
characterize	clustering	
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Ebran	et	al.	PRC	90	(2014)	

M.	Assié,	D.	Beaumel,	S.	Cour+n,	J.	Gibelin,	F.	Hammache...



Probing	cluster	structures	using	knockout	and	transfer	reac+ons		

High	sensi+vity	of	the	α	knockout	cross	sec+on	to	the	extension	of	the	cluster	

p//	(MeV)	

Clustering	in	10Be	and	12Be		can	be	probed	through	10Be(p,t)2α		and	8He(α,α)8He,	respec+vely		

GANIL	

10,12,14Be	(pp,α)	done	at	150	MeV/A,	combine	with	neutron	detec+on	
	
Cluster	in	neutron-rich	C	isotopes	planned	to	be	studied	 RIKEN	

M.	Assié,	D.	Beaumel,	F.	Flavigny,	F.	Hammache,	A.	Ma:a...

M.	Assié,	D.	Beaumel,	F.	Flavigny,	J.	Gibelin,	F.	de	Oliveira	Santos,	T.	Roger



What	are	the	mechanisms	leading	to	cluster	produc+on	during	nuclear	collisions	?	
Does	the	environment	modify	the	proper+es	of	resonances	(decay	pa:ern,	energy,	width)	?			

Analogy	with	the	produc+on	of	
K, Σ, Λ, Ξ resonances	in	heavy	
ion	collisions			

6Li	 α

10B	

In-medium	cluster	forma+on	and	resonance	decay	spectroscopy		

Determine	the	Ycoinc	and	1+R(qrel)	in	different	reac+ons	
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Coincidence	yields	
	

Ycoinc	(a,b)	
	

->	T,	branching	ra+os	

Correla+on	func+on	
	

1+R(q)=	
	

->	Volume,	Density,	Spin	

Ycoinc	(a,b)	
Yrandom	(a,b)	

INDRA/FAZIA	

B.	Borderie,	A.	Chbihi,	J.	Frankland,	D.	Gruyer,	F.	Gulminelli,	N.	Le	Neindre,	O.	Lopez,	G.	Verde	and	E.	Vient



What	are	the	mechanisms	leading	to	cluster	produc+on	during	nuclear	collisions	?	
Does	the	environment	modify	the	proper+es	of	resonances	(decay	pa:ern,	energy,	width)	?			

Determine	the	Ycoinc	and	1+R(qrel)	in	different	reac+ons	
Study	the	profiles	of	resonances	in	different	medium		
	

Analogy	with	the	produc+on	of	
K, Σ, Λ, Ξ resonances	in	heavy	
ion	collisions			

6Li	 α

10B	

In-medium	cluster	forma+on	and	resonance	decay	spectroscopy		

INDRA/FAZIA	



Reinforce	links	between	theory	and	experiments	

								EXPERIMENT																																																											
Cnn	(qnn)	
m2

fn,	m2
nn,	θpn1-pn2 		
		 									 THEORY	

a)

P1

b)

P4

0 4 8 12 4 8 12

r
x

(fm)

0

2

4

6

8

r y
(f
m
)

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

P
(r

x ,r
y )

(fm
�
2)R c

-(n
n)
	(f
m
) 	

Rn-n	(fm)	

Describe	nuclear	stucture	and	reac+on	mechanisms	within	the	same	framework	
	
Essen+al	to	link	experimental	observables	with	underlying	physics		

J.-P.	Ebran,	G.	Hupin,	E.	Khan,	D.	Lacroix,	M.	Ploszajczak...
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FIG. 4. Ground-state probability amplitude |!(r, R)|2 as a func-
tion of the Jacobi coordinates: Upper panel 19B for aS = −100 fm in
model version (ii) and lower panel for 6He [21].

unknown. Their widths display also a strong dependence on
the size parameter (R) of the n-17B interaction, which we fixed
once for all to R = 3 fm: If R is increased, keeping aS fixed,
the resonance widths decrease. Further experimental data are
needed for a fine tuning of these parameters.

In fact, several resonances in the continuum of 19B have
been recently observed [14], although their precise energy
and quantum numbers have not been determined yet. It is
worth noting that despite its simplicity, our model of the
n-17B interaction is able to account for the 18B virtual state,
the 19B ground state, and two resonances without any need
of three-body forces. This follows from the strong resonant
character of both n-17B and n-n channels as well as the large
spatial extension of the 19B ground state.

If we introduce the spin dependence of the interaction,
Eq. (2), and assume the nonresonant scattering length a1 to be
smaller in absolute value than a2, the weaker potential leads to
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FIG. 5. 19B ground-state energy with respect to the first particle
threshold as a function of a1, for a fixed a2 = −150 fm and several
values of R. Blue (or gray) and black lines correspond, respectively,
to model versions (i) and (ii).

19B binding energies smaller than those in Fig. 3. For example,
if we fix a2 = −150 fm the 19B binding energy decreases
when a1 varies from the spin-symmetric case a1 = a2 = aS
up to some critical value ac

1, still negative, beyond which 19B
is no longer bound. The results are displayed in Fig. 5.

The very existence of this critical value ac
1, as well as its

negative sign, is independent of the model version (blue and
black solid lines) and the size parameter R, that was also
varied here to check the robustness of this result (dashed
blue or gray lines). In all the cases that we have explored,
its value lies within −7 < ac

1 < −3 fm (Fig. 5). On the other
hand, in order to reach the critical value ac

1 an extremely
strong spin-spin interaction is required with V (1)

r /V (2)
r ≈ 0.6,

for the case a2 = −150 fm. We may hardly find any physical
arguments to support the existence of such a strong spin
dependence in the n-17B interaction. Therefore, we conclude
that the value of a1 should be also negative and not small,
and that 19B remains bound even when the spin symmetry is
broken.

The proximity of the n-17B interaction to the unitary limit
strongly suggests that 17B could be a genuine nuclear candi-
date to exhibit the Efimov physics [22], that is, the existence
of a family of bound states whose consecutive energies are
scaled by a universal factor f 2. This is what would happen by
setting a1 = a2 = ann = −∞ as in the blue (gray) dashed line
of Fig. 3. However, the 17B-n-n system, representing a light-
light-heavy structure, turns out to be quite an unfavorable case
to exhibit the sequence of excited Efimov states due to the
requirement of a very large factor f . However, in the real
world, as well as in our model, 19B has only one bound state
and it is governed by three different scattering lengths, from
which only the n-n scattering length is relatively well known
and can be fixed to its experimental value. For the case when
only the n-17B interaction is tuned the universal factor turns
out to be f ≈ 2000 [22,23]. It follows that the appearance
of the first L = 0+ excited state of Efimov nature in 19B
would manifest only when the n-17B scattering length reaches

011603-4
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Sequen+al	decay	of	19B		
through	the	virtual	state	in	18B	
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Could		gigan+c	‘nuclei’	exist	?	
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MODELING 19B AS A 17B-N-N … PHYSICAL REVIEW C 100, 011603(R) (2019)
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FIG. 3. 19B ground-state energy with respect to the first particle
threshold as a function of aS , for R = 3 fm. Blue (gray) and black
lines correspond, respectively, to model versions (i) and (ii).

low-energy parameters ann = −23.75 fm and rnn = 2.77 fm
and acts in all partial waves.

We have built a CD version of MT13 starting from the
original parameters of the NN singlet state (that is VR =
1438.720 MeV fm, µR = 3.11 fm, µA = 1.55 fm):

Vnn = VR
e−µRr

r
− VA

e−µAr

r
, (5)

and adjusting the strength of the attractive term to VA =
509.40 MeV fm in order to reproduce the n-n LEP ann =
−18.59 fm and rnn = 2.93 fm, in close agreement with the
experimental values. In order to cross-check the results,
the three-body problem was solved independently by using
two different formalisms: Faddeev equations in configuration
space [17,18] and the Gaussian expansion method [19].

We have first computed the 19B ground-state energy E (19B)
as a function of the scattering length aS in the spin-symmetric
case, that is, with V (1)

r = V (2)
r = Vr . Results, measured with

respect to the 17B-n-n threshold (i.e., −S2n), are displayed in
Fig. 3. They concern two different versions of the model: (i) a
purely S-wave interaction both in Vn17B and in Vnn (solid blue
or gray line) and (ii) letting the interaction of Eq. (1) act in
all partial waves (solid black line) supplied with the Bonn A
model for Vnn.

In view of these results, the following remarks are in order:
(1) The quantum numbers of the 19B ground state are

L = 0 and S = 3/2, which are separately conserved, and so
Jπ (19B) = 3/2−. Notice that since the total angular momen-
tum is L = 0 the total parity is given by the intrinsic parity of
17B, which is a 3/2− state.

(2) In the range of aS values compatible with the experi-
ment (aS < −50 fm [4]) and in both versions of our model,
19B is bound. Its binding energy decreases when aS increases
and the binding disappears for a critical value of the scattering
length ac

S which slightly depends on the model version: ac
S ≈

−30 fm for (i) and ac
S ≈ −15 fm for (ii).

(3) The 19B binding energy is compatible with the exper-
imental value E = −0.14 ± 0.39 MeV [7] for both versions
of the model and in all the range of aS , starting from aS =

−50 fm until the unitary limit in the n-17B channel, i.e., aS →
−∞. This limit (dotted lines) corresponds to Eu = −0.081
MeV in version (i) and Eu = −0.185 MeV in version (ii).
Note that in both cases the ground-state energy for aS =
−150 fm is only ≈20−30 keV distant from the unitary limit.

(4) It is interesting to consider also the unitary limit in the
n-n channel, i.e., ann → −∞. This is realized, in the purely S-
wave model version (i), by setting VA ≈ 531.0 MeV in the n-n
potential of Eq. (5). The full unitary result, where both aS =
ann → −∞, is indicated by the dashed blue (gray) line in this
figure. It corresponds to a 19B energy Euu = −0.160 MeV,
compatible with the experimental result. The ab initio nuclear
physics in the S-wave unitary limit of the NN interaction was
recently considered in Ref. [20]. It was claimed that the gross
properties of the nuclear chart were already determined by
very simple NN interactions, provided they ensure a0 = a1 →
−∞. The 19B ground state constitutes a nice illustration of this
remarkable property, though at the level of cluster description
and based on other dynamical contents.

(5) The main difference between versions (i) and (ii) in
Fig. 3 is essentially due to the contribution of the higher
angular-momentum terms in Vn17B. In the present state of
experimental knowledge, this contribution is totally uncon-
trolled but we have made an attempt to quantify it by assuming
V to be the same in all partial waves. For aS = −150 fm this
accounts for about 60 keV of extra binding. The difference
due to the n-n interaction is smaller, and mainly given by the
fact that the Bonn A model is charge independent and has a
larger ann absolute value. Once this is corrected, the difference
in the 19B binding energy at aS = −150 fm reduces to 8 keV,
which is mainly accounted for by the higher partial waves in
the n-n interaction. As expected from the EFT arguments, the
details of the interaction turn out to be negligible for a system
close to the unitary limit.

The spatial probability amplitude, i.e., the squared modulus
of the total wave function "(r, R) in terms of the Jacobi
coordinates, is represented in Fig. 4 (upper panel), for aS =
−100 fm and E = −0.130 MeV in model version (ii). For the
sake of comparison, we have computed the same amplitude
and in the same scale of another two-neutron halo nucleus,
6He (E = −0.97 MeV), using the α-n-n three-body model
from Ref. [21]. It is displayed in the lower panel of the same
Fig. 4. Due to the very weak binding energy, the wave function
of 19B is much more extended. Unlike the 6He wave function
it displays very large asymmetry, being strongly elongated in
the 17B-(nn) direction. An exceptional feature of 19B is the
presence of the void in the few fm space around the center of
mass of the three clusters 17B-n-n. This feature establishes 19B
as a veritable two-neutron halo nucleus having a molecule-like
structure with three centers.

Besides providing a satisfactory description of the 19B
ground state, our model accommodates two broad resonances.
Letting the interaction of Eq. (1) act in all partial waves
with aS = −150 fm (Vr = 4089.9 MeV fm) and adopting the
S-wave model for the n-n interaction, two resonant states
are found for total angular momentum L = 1 and L = 2,
with energies E1− ≈ 0.24(2)–0.31(4)i MeV and E2+ ≈
1.02(5)–1.22(6)i MeV. The parameters of these resonances,
however, depend on the value of aS , which remains
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Few	ques+ons	related	to	the	working	group	

French	 par+cipa+on	 (staff	 only):	 N.L.	 Achouri1,	 P.	 Ascher2,	 M.	 Assié3,	 D.	 Beaumel3,	 B.	 Blank2,	 Y.	
Blumenfeld3,	 B.	 Borderie3,	 A.	 Chbihi4,	 A.	 Corsi5,	 S.	 Cour+n6,	 F.	 Delaunay1,	 J.-P.	 Ebran7,	 F.	 Flavigny1,	 J.	
Frankland4,	M.	 Gerbaux2,	 J.	 Gibelin1,	 J.	 Giovinazzo2,	 S.	 Grévy4,	 D.	 Gruyer1,	 F.	 Gulminelli1,	 G.	 Hupin3,	 E.	
Khan3,	T.	Kurtukian-Nieto1,	D.	Lacroix3,	N.	Le	Neindre1,	O.	Lopez1,	F.	M.	Marquès1,	A.	Ma:a1,	F.	de	Oliveira	
Santos4,	N.	Orr1,	M.	Ploszajczak4,	O.	Sorlin4,	M.	Parlog1,	I.	Stefan3,	G.	Verde4	and	E.	Vient1

	1LPC,	2CENBG,3IJCLab,	4GANIL,	5CEA/IRFU,	6IPHC,	7CEA/DAM

Could		gigan+c	‘nuclei’	exist	?	

How	does	clustering	evolves	with	neutron	enrichment	?	
Does	the	medium	modify	the	proper+es	of	clusters	?	
		

Does	the	ikeda	conjecture	apply	to	di-	or	tetra-	nucleon	configura+ons?	

Can	we	be:er	understanding	pairing	in	atomic	nuclei	?	
How	does	it	evolve	towards	the	drip	lines	?	

Would	all	magic	nuclei	eventually	disappear	at	the	drip	lines	?		
How	effec+ve	nuclear	forces	evolve	at	the	drip	line?		
	
By	how	much	mirror	symmetry	can	be	broken	when	open	quantum	systems	are	involved	?		



MID	TERM	FUTURE	DEVELOPMENTS	/STRATEGIES…	2020	-	2025	
	
	
	
RIKEN	
Nebula-plus	@RIKEN	:	Tests	and	commissioning,		first	experiments	
Strässe	@RIKEN	:			Prototype	of	LH2	target	(2020),	Full	barrel	with	target	chamber	≥2022	
	
GANIL	/MUGAST/GRIT	+	PARIS/EXOGAM2	+	ZDD	@LISE		:		
Mugast	campaign,	Development	of	zero	degre	detec+on	≥2022	
Development	and	tests	of	GRIT	(detectors,	electronics,	reac+on	chamber,	combine	with	γ-ray	detec+on)	

	
R3B@FAIR:	Par+cipa+on	in	the	comple+on	of	NeuLAND	and/or	CALIFA	and/or	Si	tracker	?	

	
SAMURAI+	NEBULA-plus	+	gamma	array:		Increase	in	beam	intensity		of	RIBF	x10,		
Nuclear	stucture	and	correla+ons	20<A<40	

	
R3B@FAIR:	Fair	should	deliver	high	intensity	beams	
Improved	neutron	resolu+on	of	NeuLAND	as	placed	at	35	m	
	
GANIL	/	LISE	/	SPIRAL1	:	New	SPIRAL1	beams	?		
Which	experimental	programs	will	be	pursued	when	SPIRAL2-1	starts	?	
	
FRIB:	should	be	highly	compe++ve	in	terms	of	intensity,	not	clear	about	detectors	and	spectrometers	

LONG	TERM	FUTURE	…	≥	2025	


