‘PN on possible nuclear-physics avenues offered by IN2P3

\NS"TUT DE PHYSIQUE NUCLEAIRE . lesd infini

a Orsay-hosted 450-MeV PERLE version .

VAN | T/"\ q UNIVERSITE
7 \L—_ 1 U David Verney, IPN Orsay PAR'S

L ]
A4 universite
/‘-". i PARIS-SACLAY

* Why seize the opportunity of the (possible) construction of an ERL prototype in Orsay to perform
e-scattering off RIBs ?

e The big picture

e more detailed (realistic, sustainable) physics case :
fission fragments ISOL-beams at Orsay (ALTO)

e tentative sketch of the project based on:

e extrapolation from already available RIB from ALTO (FF: medium mass n-rich nuclei)

e The aimed ERL machine

dIPN
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The global context : electrons for the LHC

An unconventional (and somewhat provocative) introduction :
The untold legend of the human quest for ultimate components of matter

the hidden paradigm in
material science :
smaller = more
“fundamental”

the historical surprise of
finding “complexity” in the
microscopic world

all the colorful beauty and
diversity of the observable
world is not due to
elementary objects but to
medium effects

some foolish people’ emergence

The outermost Aristotle’s sphere

"The final cause, then, produces motion by
being loved, but all other things move by
being moved"

Aristotle Metaphysics 1072b4

SU(3)xSU(2)xU(1)
23 Mavict 1,278 Gowret 17207 Govict 0 120 Gevis
| @ - @ @ H
up charm top gluon d:UHSnggs
8 e o5 Mavrer ~6.18 Cevier

o
a d £ S " b 0
"7 F L] ’ ” 1

e e remained stuck at this (presently addressed
-9.9.9| @ 10%m reputed unessential level through effective
v vn w __‘«TZ - of organization of matter theories)

e s, || e nww why ?

dIPN
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Probing exotic structure of s

60 50 40

Eg(MeV) =——
T.A.J. Maris, P. Hillman, and H. Tyren, Nucl. Phys. 7 (1958) 1.

in parallel:
Nobel price 1961

R. Hofstadter

1953 : e on Au
Stanford

-lived nuclei by electron scattering — 16-20/07/2018 — ECT* Trento



The “single-particle” concept

Nobel price 1963 a OH U Z) > - g
= = . 166 == B7/2 162
2 CM +\ (7")( S)} 155—-::?_“-{.— linz—=o 2 154
Y 0r]38 ——x ~ 2g3i2 ] 10 138
0o oor —
. o = -~ \

VLS e o ~ i3 14 126
T - — :_____"Lffm 6 108
—2f2 8 100

“““ — 1hg,z 7 g2

E.P. Wigner Maria J. Hans D. 02— _ @ T 8

Goeppert- Jensen 82 s b 20 ~—1hj12 O €@

Mayer eI | T et (OY -2 68

208pp === 5 & —b6 64

- 1gn- O\)S 8 58

100 foes: i EE_:‘;: A - i
Sn e 16 —= ,b(\,(\e =~ 1 _10%
: £py/2

40 — = — (2 38

M. Baranger NPA149 (1970) by (\’&‘ 22 Fpare 5 §

“The purpose of this paper is to examine one particular ,(\%O 12 8 28

e s . . \! __ldws 4 20

definition which bridges the gap between two well-known ’b\\(\ == 2 16

. . . X\ —— ldspz 6 14

views of the single-nucleon potential, one popular among 1o : -

. . . —_——— 1P
40Ca . 288 experimentalists, the other among theorists. “ 8 T ——1pa @T 4 6
20 HE—H ... 2 —— — 15112 2 2

He . - T. Duguet et al. PRC92 (2015)
%ﬁiﬂ I2c “The nonobservable nature of the nuclear shell structure,
25%7g i.e., the fact that it constitutes an intrinsically theoretical
object with no counterpart in the empirical world, must be
recognized and assimilated.”

what has been missing in nuclear structure is precision:
glaring need for measured quantities which are as close as possible to observables (in the quantum

mechanics sense)
— we need “clean probes”
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The electromagnetic probes

e ion manipulation with em fields: mass measurements

* interaction with the hyperfine field : laser spectroscopy, nuclear orientation— I™,u, Q,, 6<r?.>

e y-spectroscopy : lifetimes, B(EA), B(MA)

e - scattering

A

e momentum transferq= /A <

hadron physics:
e A structure of the nucleon

contrary to hadron probe, the only unknown in the reaction is the nuclear part

A(e,e) elastic cross section

(da) (da) 1 F@)?
—_— = | — q
Q) psen A yore 1 +%sin2(9/2)

point charge nucleus

>>R

nuclear physics: R
internal structure of the nucleus
E.= 500 MeV — =0.5 fm scale

1 o
- — 4 iqr 3
F(q) 7o f o(M)e'dTdr

form factor
Fourier transform
o(P) = ifF(ci)e“"”’ch
(2m)3

charge distribution
“model independent”
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The e-probe revolution

Q (em@/sr)

=

da/

10-26 -

10-28 =

10-30 =

10-32 =

10°¥ |-

10-36 -

1038

2%%pp(e,e)

§ = Experiment
=== = Meon Field
theory

4o (25711) / do (2%pb)

1.4

1.2

1.0

0.8

A First “picture” of a “single particle” evolving inside the nucleus

206 Pb

B. Frois et al

in Modern Topics in
Electron Scattering
(World Scientific
1991)

12 orders of magnitude !

B. Frois and Papanicolas
Ann. Rev. Nucl. Part. Sci 37 (1987)

205 TL

Dechargé and Gogny ‘?ﬁﬁiﬁﬂ n.d‘.':
PRC 81 (1980) I
L

Cavedon, Frois, Goutte et al.
PRL 49 (1982)

etc...

----- 3s OQccupation 100%

——— 35 Occupation 70%

—

revealed in medium effects
(how far a “single particle” is from a free nucleon)

* part of the single-particle quenching has well understood origins:
core (collective) couplings, many-body correlations

* short-range correlations, non-local part of the potential

— kinks, neutron skin and giant haloes formation ?
— shell evolution ?

Probing exotic structure of s
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fission fragments — Spin-Orbit magic numbers = the “r-process” magic numbers

Neutron stars merging event detected by LIGO-Virgo
followed quickly by EM emission at all frequencies
August 17t 2017

‘kilonova

YA I Known mass

Jassawuloy| |N/epedied /0510

[0 Known halt—life
O r—process waiting point (ETFSI-Q)

00 CrrrTTT

on earth

fission of actinides

1
—_—eoNi

B

=
|
I
l

124M0

[ 1227,

/.—12‘\(

120
_—1228r
124

HFB-21

Wolf et al. PRL 110
(2013)
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nuclear spin-orbit : 1% facet

spin-orbit : universal effect for guantum systems made of particles having
spin : atoms, nuclei, hyper-nuclei, quarkonia...
important role in condensed matter physics : cold atoms, spintronics,

topological insulators...

J-P Ebran et al 2016 J. Phys. G: Nucl.

Part. Phys. 43 085101

g . <g.
It J- :

Giant LS
I iln inpMuclei

T
|
I
I
|

yNuclel

[
|

| |
(N
| 1
I \
|

! o

Dirac equation governing the single particle motion dynamics

- 2M2(r) rdr

1d L
—— V@) =S)NL-s
Vi =

/

vector potential (short range repulsion) = +350 MeV

scalar potential (medium range attraction) = —400 MeV

nucleon mass = 940 MeV

nucleon mass = A(r) = V(r) — S(r)

QCD sum rules — an “emerging” property of QCD

dIPN

ORSAY D. Verney

Probing exotic structure of s

| I n=

in atomic system:
1/x~a? ~ 107*

-lived nuclei by electron scattering — 16-20/07/2018 — ECT* Trento
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+350 MeV
—400 MeV

vector potential (short range repulsion) =

scalar potential (medium range attraction) =

very large A(r) =V (r) —S(r)

verysmall X(r) =V(r) + S(r)

Hecht, Adler,

Nucl. Phys. A 137, 129 (1969)
Arima, Harvey, Shimizu,
Phys. Lett. B 30, 517 (1969)

fi=n—-1,2=¢+1,5=5)
(ntj=4+3)

(n—1Lf+2j=4+3)

approximate realization of the

pseudospin symmetry
(as a dynamical symmetry)

pseudo-SU(3) symmetry

for multi-nucleon wave functions

qguadrupole collectivity

PROTONS

Nazarewicz et al., PRL64, 1654 (1990)
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nuclear spin-orbit : 2" facet

gz sl }
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lg _ ey U
2p -::;;-":: ij 2
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23 . 28, 1~
o i <—14,,  Pin3n
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1s partners
Liang et al. Phys. Rep. 570, 1 (2015)
§ I
:{, 67/2°
f 828 69/2° e superdeformed identical rotation
V| _e3/2” bands
4 B5/2 . .
783 ) e superdeformed configurations
P ==39/2. e quantized alignment
, 738 e pseudospin partner bands
‘_|._55/2"
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+([20013)”" e exotic nuclei ?
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SO magic numbers from a shape-coexistence point of view

“spherical magicity” and shape coexistence : two inseparable facets of the same deeper phenomenon ?

N:ZO 6+ 7289
- (zone C) o
J ot L5k |
Z | 6
=, |
= |
; ] S5
0 o
—r- L
- EMg
—
2 P
& @
= Al
=
o
5) T
=
(a9
0l
N
=
&
0o
w
~
o
[
=
l I iR
82 126 &
—— Neutron number N ——
historical case N=20 (3?Mg region)
Klapisch PRL 31 118 (1973) N=28 (42Si region)
Thibault PRC 12 644 (1975) Bastin PRL 99 022503 (2007)
Détraz PRC 19 164 (1979)
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Spin-Orbit magic numbers = the “r-process” magic numbers

nuclear spin-orbit:
2 sides of the same coin
(in a relativistic vision)

very large A(r) =V (r) — S(r)l e VerY small X(r)=V(r)+S(r)

0 0

large SO splitting at the mean-field level pseudospin symmetry

0 0

shell closures pseudo-SU(3) symmetry : quadrupole collectivity

N ¢

shape coexistence aka “magicity evolution” far from stability

“

isospin asymmetry of the pseudo-spin symmetry
(isovector vector p-meson exchange, short range)

Fock term = 6-meson exchange (isovector scalar)
[Ebran et al. PRC 94 024304 (2016) ]

first experimental (indirect) hints are just becoming available (need precise probes)
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e-scattering as a precision spectroscopy tool

A(e,e’) inelastic cross section

_apqL

longitudinal form factor

point charge nucleus

recoil factor

J o0 2
B(E)) = 22 7 _':_': [ fu m(r)r’*“dr]
u~F,, for g—0
(elastic at 180°)

IFC (q)f* + (

= [Grllow(Va@®)lv:) dF

charge transition density
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Fig. 1.5. Magnetic moments of nuclei with odd N plotted against the spin.
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One example: N=50 isotones Schwentker et al. PRL 50 (1983)

e-scattering as a precision spectroscopy tool

—e T T S T T ]

B9y
1.507 MeV -

83y
1.745 MeV

+ + m Il \1
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- 1
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. 1 4 —
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K5 78 3§10
gy 88g;
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1 . .
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T 10° ;ﬂta.,. 102 + e . state)
*
o 0 K 10° .
=)
10 t * 10* ¥
! " t

6 8
r (fm)

2 85, (3.215)

s Ex

radius (fm)

nuclear interior
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e-scattering as a precision spectroscopy tool

0* states and “intruder” configurations (shape coexistence)

only obtained when including 2Aw excitations (intruders)
looks like a C2 at low q

Y first moment of py(r) : M(EQ) = [ po(r)r*dr
10 T e ey
SCY 2 26 E
[ Mg Mg ] TN IS : )
-2 -%. 0 : 1 } }
10 3 F(i %‘Q 359 Mev el "9‘#‘ ?ﬁﬂqev E N A |]2
g ;’) ’ ,’f L ?'r \\\\ E
e - / '? i \ E U U |] 1
10_% i " — |0+1)=a|j12) + blj2?)
T Lo % " - |0+2>=b|j12> —aljz?)
) Ni €)] Ni 1
% " g.gssr-qev E;S}. Mev |
| vE BN BN ; ' j M(EO) = 2abf {uz P u? jz}r4 dr = (r?);; (r?);
tss?':\. . , \\ J 4 ¢ ]
10 _ P 5
¥ 4 ] ] — clear/”clean” signature of the s.p. ingredients
. ; ‘ 3 ] 2 . of the intruder/coexisting structure
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(in)elastic electron scattering off RIB : a vast program

not to mention :
e radius, diffusivity

E'e=Ee-Ey
e.-—’._/—V.
perfect coulomb excitation : forward electron scattering Ee ¥
(no multi-step process)

radioactive ion

“clean” excitation of 1p-1h configuration at high multipolarity

e Excitation of collective modes (PDR etc)

fission studies (condition on electron energy would give precise
information of the initial condition of the fissioning system)

The possible physics program spans exactly the
physics interests of the vast majority of the
low-energy nuclear physics community in
Orsay-Saclay (and in France)

... with a much more powerful probe!

D. Verney

Probing exotic structure of short-lived nuclei by electron scattering — 16-20/07/2018 — ECT* Trento



T

: 'Qi—.‘a-l-

SCof ‘§‘érvato|reé| -
R Jlnement

1PN - UMRB608.. 4+ b
s lég)%lfe de!

quueyheo’nque et..

0,’ k|
Uy
£ 4
Universiteé: I|E ¢

2 .

4 IPN%%h

1 : X

Rue Henri/Becq\ i ] ™=
RS

Probing exotic structure of short-lived nuclei by electron scattering — 16-20/07/2018 — ECT* Trento



Beams available today at ALTO — 0.5 kW primary e-beam

The first photofission-based ISOL facility operated in the world e-LINAC -
10 pA 50MeV S
05kw |
‘ (former 1t

section of the
CERN LEP
injector)

beta decay
spectroscopy

TIS vault
~10711
fissions/s

Hall 110
experimental
setups

PARRNe

mass separator Target lon-source ensemble

. I (30 keV ex)
secondary k|ckgr - bender B i r

beam lines

gy
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The ISOL experimental hall

) A" PARRNe
v mass

MLLTRAP separator

mass

spectrometry -
: identification
station

LINO

collinear laser
spectroscopy and &
. F o
laser pumping #

ing
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Beams available today at ALTO — 0.5 kW primary e-beam

Beams available today at ALTO

Measured productions yields at the detection point
on line with the PARRNe mass separator

) L nominal intensity:
electrons -> gamma induced fission

10 pA =~ 101 fissions/s

Production pps 710 YA e-

D1 rm

B 5100510 4y 000
B 108-5108 o8 Ce
D 5107 -10° 555&33
54 Xe 94 9
_ | 107-5107 =y =
52 Te
|| 5106-107 51 sb %
50 Sn 33
B 108-510¢ 49 n —
48 Cd | 84
| | 5105 10¢ 47 Ag W 5
46 Pd 78 80
5_ 5 45Rh
B 105-510 B n
B 104- 105 74
72
[l stavle 70
68
% Systematic yield measurements
62 64 made in June 2006 with:
60
Ul s EEEEEEEEEEEEE . EEEE | EEEEE Hot plasma ion source
“:gc;c 100 nA electrons
307Zn] 50 MeV

29 ill
28 Ni
27 Col |
'h Fe [

dIPN

D. Verney Probing exotic structure of short-lived nuclei by electron scattering — 16-20/07/2018 — ECT* Trento



Beams available today at ALTO — 0.5 kW primary e-beam

RIB availability, |nten5|ty and purity within ISOL techniques

°C : ;
5500 -8-point de fusion N
—=—point d'ebullition 7r tMOT
4500 o\ unRh
/ LaCePr . 4. '
o Nebm selective laser ionization
3500 Ni Ge \ e

(fluorination)
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+ physicochemical optimization of
the UCx matrix (nano-materials)
(collaboration with ISOLDE)

+ in-target chemistry technique
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temperatures

						mp		bp		Ui		Tsortie PIAFE

		1				-259.34		-252.87		13.598

		2				-272.2		-268.93		24.587

		3				180.5		1342		5.392

		4				1287		2471		9.323

		5				2075		4000		8.298

		6				3550		4827		11.26

		7				-210		-195.79		14.534

		8				-218.79		-182.95		13.618

		9				-219.62		-188.12		17.423

		10				-248.59		-246.08		21.565

		11				97.8		883		5.139

		12				650		1090		7.646

		13				660.32		2519		5.986

		14				1414		3265		8.152

		15				44.15		280.5		10.487

		16				115.21		444.6		10.36

		17				-101.5		-34.04		12.968

		18				-189.35		-185.85		15.76

		19				63.38		759		4.341

		20				842		1484		6.113

		21				1541		2836		6.561

		22				1668		3287		6.828

		23				1910		3407		6.746

		24				1907		2671		6.767

		25				1246		2061		7.434

		26				1538		2861		7.902

		27				1495		2927		7.881

		28		Ni		1455		2913		7.64		30

		29		Cu		1084.62		2562		7.726		0.5

		30		Zn		419.53		907		9.394		2.6

		31		Ga		29.76		2204		5.999		2.8

		32		Ge		938.25		2833		7.9		4.9

		33		As		817		614		9.815		346

		34		Se		221		685		9.752		63

		35		Br		-7.2		58.8		11.814		0.2

		36		Kr		-157.36		-153.22		14		1

		37		Rb		39.31		688		4.177		1.5

		38		Sr		777		1382		5.695		6.9

		39		Y		1522		3345		6.217		1000

		40		Zr		1855		4409		6.634		30000

		41		Nb		2477		4744		6.759		15000000

		42		Mo		2623		4639		7.092		3000000

		43		Tc		2157		4265		7.28		600000000

		44		Ru		2334		4150		7.361		22500000

		45		Rh		1964		3695		7.459		3000000

		46		Pd		1554.9		2963		8.337		91

		47		Ag		961.78		2162		7.576		0.4

		48		Cd		321.07		767		8.994		1.5

		49		In		156.6		2072		5.786		1.2

		50		Sn		231.93		2602		7.344		0.3

		51		Sb		630.63		1587		8.64		15

		52		Te		449.51		988		9.01		20

		53		I		113.7		184.4		10.451		0.14

		54		Xe		-111.75		-108.04		12.13		1.5

		55		Cs		28.4		671		3.894		1.1

		56		Ba		137.327		727		1897		1.7

		57		La		918		3464		5.577		10
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The PERLE@Orsay project

PERLE is a high current, multi-turn ERL facility (900 MeV),

designed to study and validate main principles of the Large Hadron Electron Collider (LHeC: 60 GeV)

LHeC would use a 3-pass energy recovery, recirculating linac with 20 GeV per pass and a current of

about 10 mA; the RF frequency would be 802 MHz ° m

The Orsay realization of PERLE (called PERLE@Orsay) is a smaller version (500 MeV) . pERLE
@

with the same design challenges and the same beam parameters:

Target Parameter Unit Value
Injection energy MeV 7
Electron beam energy MeV 500
Normalised Emittance yg, , mm mrad 6
Average beam current mA 20
Bunch charge pC 500
Bunch length mm 3
Bunch spacing ns 25
RF frequency MHz 801.58
Duty factor Cw

Courtesy W. Kaabi (LAL Orsay)
(LHeC/FCC-eh and PERLE Workshop, 27-29 June 2018, Orsay, France)
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The PERLE@Orsay project

The PERLE@Orsay configuration

2 Linacs (Four 5-Cell 801.58 MHz SC cavities)
3 turns (160 MeV/turn)
Max. beam energy 500 MeV

1:87 MeV
3:247 MeV

2:167 MeV
4:327 MeV

Footprint: 24 x 5.5 x 0.8 m3

Courtesy W. Kaabi (LAL Orsay)
‘PN (LHeC/FCC-eh and PERLE Workshop, 27-29 June 2018, Orsay, France)
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The PERLE@Orsay project o ®

e PERLE

The PERLE@Orsay configuration

= Basic RF structure, without recirculation: Bunches are injected every 25 ns
801.58 MHz RF, 5—cell cavity:

@ 20 A ==25ns @ A =37.40 cm
L, = 50/2 = 93.50 cm
E,I \ “ Y E,I \ “ Y E,I \ “ 1 Iill \ 'I-,J ” 'i|| \ “ H E,l 1 Grad = 21.4 MeV/m (20 MeV per cavity)

AE= 80 MeV per Cryo—module

=  \When recirculation occurs: bunches at different turns in the linacs:

—> Ovoid bunches in the same bucket
- Recombination pattern adjusted by tuning returned arcs length of the required integer of A.

Turn number Total pathlength @' = '@ e '@’ = _,-f'@
1 nx 204 +74 AAAAAAAANAAAAAANAATA NN
2 n % 204 + 64 !1!!!1‘!!!1!!!?!!11!!
3 n 204 +3.51 ) (e) (@)

o Maximize the distance between the lowest energy bunches (@& @): ovoid reducing
the BBU threshold current due to the influence of HOMs kicks.
o Achieve a nearly constant bunch spacing: minimize collective effects

dIPN

ORSAY
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The Deep STructure Investigation of (exotic) Nuclei project :DESTIN

injection of ALTO-like RIBS into the ERL

2:167 MeV
4:327 MeV
6 : 487 MeV

Plastic Scintillators

Largely inspired
by the field clamp
pioneering

Dipole Magnet

SCRIT example

field clamp
| -

3:247 MeV
5:407 MeV. — -/

-

e-beam

Figure 2. Schematic layout of detectors in WiSES.

|5
T Ohnishi et al Phys. Scr. T166 (2015) 014071

07/2018 — ECT* Trento
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The PERLE@Orsay project ° o

. ¥
The PERLE@Orsay configuration o PERLE

Switchyard- Vertical Separation of Arcs (1, 3, 5):

Energie
sl:3:
87 MeV
5 [ - -
i40 cm
! 247 MeV
L1
i 40 cm
; 407 MeV
s [ |
. Dipoles: (20 and 40 cm long), B = 0.8 Tesla

Courtesy W. Kaabi (LAL Orsay)
(LHeC/FCC-eh and PERLE Workshop, 27-29 June 2018, Orsay, France)

dIPN
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The DESTIN project

Achievable luminosity
Chancé et al (CEA Saclay) ETIC project within GANIL-2025 (2015)

calculations within ERL hypothesis : No N1 (Z€ap €0y No)
1,=200 mA N,=106 trapped ions: £ ~ 10%° should be achieved lo (A (.\ A iew ()
based on g (cm?)
[A.N. Antonov et al., Nucl. Instr. and Meth. A 637 60 (2011)] ELISE project GSI I./e N,
L~ — /(cm?s)

PERLE@Orsay : 20 mA — L =~ 1028 is probably achievable for a 106 trapped RI population on the principle

but the dynamical e-beam-RI coupling should be investigated : first time with a ERL time structure
e-beam instabilities ? impact on ERL operation ?

Production pps

M 510°-510° present ~ 10" fissions/s
B 105-510°%  e-beam 50 MeV 10 pA
7] 5107-10° = | o |
| ] 107-5107 sl ] o
7] 5106-107 sselL]
50 Sn
B 105-510¢ 491n
48 Cd
W o s e
_46 Pd ‘

5 — 5 45 Rl
B 105-510 SR

4 5 43 Te
. 10 10 42 .-\JADT
B stable

39Y [ [ ] 68
38 Sr |
37Rb| | | | - 1| 66
36 Kr - - 62 64
_ 35Br ] 60
Ve 1 o second version of ALTO
3 26 ) : ] 56 (yet no INB scenario)
L0 | - e-beam 45 MeV 100 pA > Igex10
28 Ni ‘ .
27 Col | \ 46 48 50
e Fel T I I 1
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proton number

The DESTIN project

B stable targets already used T.Suda, H. Simon [Progress in Particle and Nuclear Physics 96 (2017) 1]
radioactive targets envisioned with DESTIN

1326 region

Zr region (shape coexistence)

N=50 region

D. Verney

neutron number
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Possible layout for DESTIN

.'fﬂ

N B
N\e \&09 b kW version of
\363 ; ALTO

r _,.,'- (1012 fissions/s)
[ ! 'ﬁn<

¥ mass
separation

] "'-'-ln;iil“::
REELLLLT

-...-__,,......';._;;';,_-....'-__ |

Hatl fnr P'L‘RL
| F | |5
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Conclusion & perspectives

the Orsay PERLE-based project DESTIN %o
[DEep STructure Investigation of (exotic) Nuclei]
is for the time being just in idea... " *
L
. <
e PERLE

e to seize the opportunity of the construction of an ERL prototype on the Paris-Saclay University
Campus to build an Rl-e-scattering experimental setup (inspired by SCRIT)

e site decision for PERLE within one year

e requires to build/move/adapt the existing ALTO ISOL photofission facility in Orsay

* the aim:

e demonstration setup : fixed radioactive target in ERL for the first time
—> towards a possible more ambitious ERL-based system (— £ =~ 10%?)

e realize a sustainable, realistic physics program that would collect the interest of
the LE nuclear physics community (local, national, international)
(extension and deepening of the existing activity based on the em probe)

D. Verney Probing exotic structure of short-lived nuclei by electron scattering — 16-20/07/2018 — ECT* Trento
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