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M 2" generation ISOL facility:pure
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SPES - Timeline
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Bl SPES - Astrophysics
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Fission products @SPES

Isotopes —
"o«
i R

Br TOWRE-UN Br 61 TR

¥..
B R L R %
 — — — ¥... r-process
¥... decay chains
B decay faster then n capture M n capture faster than B decay
Neutron density 10%'n/cm? o Ne_ut_r on den5|ty_ .1020 n/ _cm3_
Branching points: t and n capture rate of Bl Dripline and waiting points: plenty of ...

nuclear structure information needed
M T, masses, energy levels, J*, s.p. strengths,

(n,y)
M indirect methods for RIB (TH, SR, ANC)
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the same order of magnitude
key reaction: (n,y)



Reactions of interest

S process I process
(n,'Y): . 123.,131-134,131|n’ 1338b
9Se, 8185Kr, 86Rp, 657N, 1219, B Ni, Cu, Zn, Ga, Ge, As

®Cu, 198Ag, °Pd, and **Sn and many more

v v

- collaboration with INFN Pg and INAF = Collaboration with ORNL/Rutgers

Teramo Univ. (exp) and NSCL (theory)
> 2 Lols presented at the 3™ SPES 2 2 Lols presented at the 3 SPES
workshop in 2016 workshop in 2016

2 Commissioning tests needed with =2 Commissioning tests needed with
stable beam stable beam




B SPES - indirect
methods
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Technigues for astrophysics

B DIRECT Techniques: (LUNA, ERNA, DRAGON, ...): .. at relevant (stellar)
energy range — low cross section (..pB/keV) but model independent

B INDIRECT Technigues®: .. at lab energies ( ...~ stellar energies) but always
model dependent

v Coulomb dissociation

v Transfer reaction

v Breakup of loosely bound nuclei

v Trojan Horse method

v’ Resonant spectroscopy - y decay, resonant elastic scattering, etc

vANC methods

vSurrogate reaction method (SRM)

®“Presentation by M. La Cognata at the last SPES workshop — 2016 LNL
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Indirect approach: surrogate
approach

@A)

“Desired” reaction

any(En) = EU,EN(E;: ,J,JF)GEN(ER 9-]9”)
J 7

B The Surrogate Nuclear Reactions apch Is an indirect method for
determining cross section of CN reactions difficult to measure directly.

B Various direct-reaction mechanisms can be employed to create the compound
nucleus of interest

M Different “compound-nuclear” decays can be considered

J.E.Escher, J.T.Burke, F.S.Dietrich, N.D.Schielzo, Rev. of Mod. Phys. 84 (2012)
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Entry level in the neutron capture

Oscattering and resonances

= Vi(r) \

abroad sinhgle-particle

scattering states

A S,=7-10 %
A MeV
£V N
x_weakly bound states JuN = D - (d’p?)

(n,y) zAN

els

many

|i3|‘3
many
|

E-Er (MeV)

w single-particle

deeply bound states

Imagingry part of optical pot'ential neutron states
Mahaux, Bortignon, Broglia, Dasso, Phy.Rev.120(1985)1 ﬁf:ﬂ ﬁiﬂ“

B Spin distribution generally different from direct and surrogate
reaction (s,p waves for the neutron). Mitigation still possible in the

case of deuteron.
B Compound nucleus or resonances can be formed
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benchmarks for (n,y) cross sections
(3He,4He)

) .
Canl B This work
g 172Yb(n,Y) & Bokhovko et al. (1991) [9]
= ¥ Wisshak et al. (2000) [10]
° I'm anss JENDL-4.0 [19]
. m g === TALYS B Disagreement with the
. measure radiative capture
= H nm data
1 g g B B “complex” reaction
. mechanism
T e e eertovrsteRtY
E1?2Yb{"!T) I I I
| 1 1 u-z 1 1 | n.4 | | 1 u.ﬁ | | | u.B 1 1 1 1
E, (MeV)

G.Boutoux et al., PLB 712 (2012), 319
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(d,p) benchmark for (n,y) cross sections

171,173Yb(d,
(Py) oVE (E,) = oSN (E,)GEV (E,) = oSN (E,) 2 PV)

eN(d,p) |
- 25 L~ iny) by Wisshak et al,
>~ L & surregate gating on 4+ to 2+ transitions . .
E : surragate gating on 8+ to 4+ transifions . Spln dependence heaVIIy
‘:_é 2; -*— surragate using 4+ 1o 2+ intensity not fed by 6+ state aﬁects the Ievel Of
A N o agreement: from 60% to
I R
_§1-5q * M Different gamma
¢ [ L, L, transitions sample different
wn — _*_—‘_
§ P—o——— " parts of the cascade
o r M Disregarding the
o contribution of higher spin
r states brings the observed
i | | | | | spin distribution closer to
% 50 100 150 200 250 300 that of the neutron capture

Neutron Energy (keV) (IOW I transfer)

A.Ratkiewicz, J.A. Cizewski et al., EPJ Conf 93, 02012 (2015)
R.Hatarick et al., PRC81, 011602(R) (2010)
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Weisskopf-Ewing approximation

W-E approximation

Tax(Ee) = 2 05N (Eex J, MGTN(Eex, I, m) > T (E,) = 0 (ER) Gy (Ee)

"\eisskopf-Ewing approximation: probability of y decay independent of J,Tr

MZ—I . I-:-I:_r[nlmrlib.lﬁ -
0ak E
o 1
0sf ()Disrib.2 - J
of e e S :
04F () Distrib. 3 - |
Mf‘ ‘: -
ob o~ =]
04F - I{I;;n:'-istr'ib.lat—: )
0_25— _ o
Angular momentum J
Escher and Dietrich, PRC 81 024612 (2010) eutron enerzy [MeV] /
Different J,1r » Different cross section for y emission

Daniele Mengoni Astrophysics@SPES GIANTS2017




Basics of theory from and
experimentalist

Gregory Potel Anguilar (NSCL/FRIB) et al, Phys. Rev. C92.034611

Inclusive deuteron-induced reaction A+d - B(=A+n)+p
e
._‘_‘—\-h
elastic breakup
-
/ bq Pa

P
.42

s - ’ .- . @ # o

direct transfer

neutron capture

.”/' . inelastic excitation
- . ¢§+1:¢£+2= -/ coumpound nucleus
compound nucleus .
B Calculation of the spin parity distribution B All the final states B need to be
to avoid the WE approximation calculated
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Theory to predict J,rt distribution

Gregory Potel Angunar (NSCL/FRIB) et al, Phys. Rev. C92.034611

o .
proton singles Nh{d p} E=15 Mevcnmpaund nucleus spin distribution

total proton singles o I\I T
60 ] 25E ’/ 3
/ J=3
= [ compound nucleus < ook / \ 3
g 40 | formation é .
=] e N
E " :
S 2] % 10 '
8 | 5 | .
5t : .
.D- -y L ﬂ;___g_jj:-r:-:""."'_l T el il R Y P
2 4 6 8 10 12 14 15 18 4 8 12 16
E, (MeV) Ep (MeV)

B Spin-parity distribution for the compound nucleus
B Contributions from elastic and non elastic breakup disentangled
B Extendable to transfer of light clusters
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B SPES - Lols (g*,17%)

B Dedicated Nuclear Astrophysics
B Nuclear physics = Nuclear Astrophysics
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THIRD INTERNATIONAL SPES WORKSHOP

SPES é
*; .
exotic beams for science

OCTOBER 10-12, 2016
LABORATORI NAZIONALI DI LEGNARO (PADOWVA), ITALY

46 Lol presented from around the world

THIRD INTERNATIONAL SPES WORKSHOP

Daniele Mengoni

OCTOBER 10-12, 2016

B GS properties
B moments SPES L_OIS
Coulex Topics

m DirReac with ActiveTarget
DirReac with Si

B Mn transfer

Collective ex
® Fusion
Super Heav

B Dymanics
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Nuclear Astrophysics

B Measurement of the decay characteristics of nuclei around A=90 relevant to the r-
process nucleosynthesis [T. Kurtukian-Nieto et al.]

B Letter of Intents for measurements at SPES on beta-decay properties of nuclei
belonging to the s-process path [S. Cristallo et al.]

BMStudy of beta-decay properties of neutron-rich isotopes approaching the r-process path
[D. Testov et al.]

B Measurement of astrophysical relevant reactions induced by alpha, protons and
neutrons at the Gamow peak using the Trojan Horse method [M.La Cognata. et al.]

B Direct Reactions at SPES: Shell Evolution and Nuclear Astrophysics around Z~50 and
N~82 [D. Mengoni et al.]

M Letter of Intent for transfer reaction measurements at SPES for r-process
nucleosynthesis [S.D. Pain et al.]

B Measurements at SPES of n-capture cross sections on radioactive nuclei interesting for
s-process nucleosynthesis [O. Trippella et al.]

- Daniele Mengoni  Astrophysics@SPES  GIANTS2017



SPES

]
exotic beams for science

Mylar — Minimal setup to extract T,,, P,, B~y coincidences
b€ Measured quantities: - Time of B emission
. - Energy and Time of y decay
e

Fast-timing setup: lifetimes ~ns
range

B- v (LaBr;:Ce)-y (HPGe)
coincidences

B detector
BC508
Setup for EO
measurements and long-
BC508 T living activity

-Additional information:
Energy of Conversion
I [ﬂ Si(Li) electron
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exotic beams for science
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SPES A

="  TRACE-MUGAST:

Nuclear structure by detecting light-charged particles

B Science campaign with

m CaRiPaRo Fordizions
. INFN 0 LE&T d:%lzk;]ugng di Ildmxl e Rovigo AGATA at GANIL (>20

physics Lols/proposals)

Spring 2015
GASPARD

M
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® Hydrogen (h,d) target in a solid
phase near triple point (~17K)

® Thickness 50 — 200 um

® No window - C free

® Continuous flow in vacuum 2-
10mm/sec

B Compatible with particle detection

Daniele Mengoni

Astrophysics@SPES

B H, D, *He

B Dense: up to ~10*° nucleilcm?

W |ocalized: target size ~ beam spot
size, and thin to prevent energy
loss and straggling

® windowless

B Cmpativle with particle det.

GIANTS2017



SPES

N ——————
exotic beams for science

ACTIVE TARGET demonstrator

XYZ_sim fim XY_pads \ XYt_dig fig
Entries 330 :‘M“ 0° Entries 7964
ean x —_ ]
Mean x 3449 1407 Meany : Mean x 978
Meany 02 r RMS x ] I I
C RMS y 70000
Mean z 1521 ~n ] Mean z 3.384e+04
120/ Integrsl 4.25 0 ]
RMSx 2908 C , 600001 RMSx 1130
RMS y as08 annl #f7as 0 ] RMS y 1984
100 . ]
RMS z 5438 L 500007_ RMSz 1.03Te+dd
Intogral 8.2168+04 20 C 500 ; Integral 7964
L 40000
N 400 ]
60[- ]
- 300 30000*: =
40 ] % R
C 200 20000 : J
150200 20 100 10000-]
- 0 F 1 5000
005 ™ 10050 B I A I T I U R I . -
. 200.20g150 0 20 40 60 80 100 120 140 140120 100 80 60 40 20 0 -20 Zﬂdig
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B Conclusions
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B SPES is a unique opportunity for the nuclear and
astrophysics community

B Lols submitted for key nuclei in the s and r process

B Commissioning run under discussion to check the validity
of the surrogate approach

B Ongoing open collaborations: any new idea is much

appreciated and very welcome!!

- Daniele Mengoni  Astrophysics@SPES  GIANTS2017
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THIRD INTERNATIONAL SPES WORKSHOP

” SFLSj OCTOBER 10-12, 2016
_N “-

exotic beams for science™ L ABORATORI NAZIONALI DI LEGNARO (PADOVA), ITALY
;‘1 gi[':;ﬂ?ggenm
2 Astronomia
Galileo Galile

UNIVERSITA
DEGLI STUDI
1 PaDova
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GALILEO - phase 1

-
-

4
m 25 HPGe
B 25 BGO shields :
B 240 digital channels /



SPES

e
exotic beams for science

* X %

* e
* ’\” *
* *

..*;*

AGATA

ADVANCED GAMMA
TRACKING ARRAY

m Spiral2 - Prep.Phase
= INFN

Daniele Mengoni
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B Science campaign with
AGATA at GANIL

GIANTS2017



e— ¢ High-efficiency gamma detectors
PARIS, HECTOR+, HELENA

Science campaign
B GANIL: 4 proposals
accepted
®m Orsay - IPNO :
6 proposals accepted
m 7 Lols at SPES
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T,.(s) I@5uA E__ SIS
LIS FEBIAD
(cps) MeV)

Be* 7 4 3|4.60E+06 | 2.E+H07 ** 9 2 2
Be* 10] 4 6 JE+DT ** 13 2 2
F * 17 9 8]6.48E+01 2.E+07 ** 15 4 4
F * 18 9 O|6.58E+03 | 2.E+06 ** 14 4 4
Na* 21 11 10)2.25E+01 18 5
Na# 22 11 11|2.60E+00 17 5
Mg* 22 12 10]3.86E+00 17 5 4
Mgp* 23 12 11J1.13E+01 16 5 4
Al* 24 13 11J2.05E+00 16 1 1
Al* 25 13 127.18E+00 1E+04 ** 15 1 1
Al* 26 13 13]6.35E+00 1E+04 ** 15 1 1
Si* 26 14 1212.21E+00 1E+03 *#* 17 4
Si* 27 14 13]4.16E+00 1E+03 *# 16 4
P* 29 15 14{4.10E+00 15 4
Cl* 34 17 17}1.53E+00 SE+03 ** 15 4

- Daniele Mengoni  Astrophysics@SPES  GIANTS2017




Nuclear physics — Astrophysics

Thermodynamical behavior of
hot and deformed n-rich
systems (isospin dependence
of the nuclear EQS)

Superheavy nuclei (existence,
lifetime, decay mode)

Clustering aspects in N#Z
nuclei

Modification of the shell model
for N/Z far from stability (e.q.
persistence of the N = 82
closure below Z = 507)

Nuclear spectroscopy, ANC,
level energies and
spectroscopic factors

Physics of neutron stars and
mechanism of explosion of
supernovae and X-ray bursts

The r-process is probably halted
by fission occurring in the
region of unknown heavy nuclei
with a large neutron excess

Influence on nucleosynthesis
during explosive and quiescent
burning stages

Explosive neutron-capture
nucleosynthesis processes

Calculation of the reactions
rates of processes of
astrophysical relevance when
measurements are not possible

B Lifetime

B Masses

B Energy levels

. N

B Spectroscopic
factors

B ... nuclear structure

- Daniele Mengoni  Astrophysics@SPES  GIANTS2017



B SPES** - Future

Disclaimer : this is a very personal view
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Indirect Studies of Key
Astrophysical Resonances

In-ring target chamber & heavy-ion
recoil detection system in UHV

e.g. d(36mAl, p)2Al
destruction of 26Al in

core collapse supernovae
- meteoritic abundances

extraction injection Heidelberg

Daniele Mengoni Astrophysics@SPES GIANTS2017
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