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IMF production and isospin dependence in dynamical fission of
projectile-like fragments at 20 and 35 MeV/A

A little bit of story for the physical case

REVERSE experiment with CHIMERA at LNS

124Sn + 64Ni neutron rich system
and
1128n +58Ni neutron poor system
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CHIEMERA
(Charged Heavy lon Mass and Energy Resolving Array)

1999 - 2002
688 S1-CsI(Tl) forward Telescopes 1° - 30° (9 rings)

Since 2003

688 S1-CsI(Tl) forward Telescopes 1° - 30° (9 rings)
_|_

504 S1-CsI(TI) telescope 30° - 178° (sphere)

1192 Si-CsI(T1) telescope 1° - 178° (98% of 4 )
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TARGET

' | Pagano, A. et al.,

Nuclear neck-density determination at Fermi energy with CHIMERA detector.
Eur. Phys. J. A 56, 102 (2020). And referece therein.
https://doi.org/10.1140/epja/s10050-020-00105-z
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Timescale of IMFs emission in Hl reactions

Enrico De Filippo courtesy
Heavy ion collisions at Fermi energies: different scenarios and mechanisms

°  Semi-peripheral
O PLF collisions: ternary vs
binary events
competiton,
projectile or target
fission

s Binary events:
Projectile and target
fragmentation,
break-up

Particle emissions from the early phase of the dynamical evolution (few fm/c) up to

later stages of statistical decay (several hundreds of fm/c) have been measured and
are expected to coexist in the reaction products.
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Timescale of IMFs emission in Hl reactions
Enrico De Filippo courtesy

Heavy ion collisions at Fermi energies: different scenarios and mechanisms

. Semi-peripheral
pLE collisions: ternary vs
® binary events
competiton,
projectile or target
fission

Binary events
Projectile and target
fragmentation,
break-up

Semi-peripheral events are characterized by binary reactons where projectile and
target nuclei experience a substantial overlap of matter.
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Isospin transport to the “neck”

M. Colonna Progress in Part. and Nucl. Phys. 113 (2020) 103775 and reference therein

Density gradient

Depending on slope of the symmetry energy
Migration. of neutrons in low density region

I'sospin drift (fast timescale: around 100 fm/c)

DR o

20 'a"-é

B %

=240 Fm/q

g

SMF simulation for M. Colonna

Isospin diffusion

Isospin gradient (N/Z asymmetry in the initial system)
Depending on absolute value of the symmetry energy
Isospin equilibration between projectile and target
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What is the “Symmetry Energy” Esym( )?

We can do a “step back”

The Equation of State of nuclear matter (EoS)

o The Equation of State of nuclear matter describes a relation between
and in asymmetric nuclear matter the

. It affects both nuclear physics and
astrophysics from the dynamics of heavy ion collisions to the stability of neutron stars.

L

Heavy ion collisions (HIC):
Why and how can give
information on density

With HIC large density
variations (density
gradients) in nuclear
matter can be obtained in
a short timescale.

:
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EOS of asymmetric nuclear matter and neutron matter

E(p,0)=E(p,d =00+ S (p)d 4.5 =L Ps N=Z

Cp,+p, A

Isospin asymmetry is
present in nuclei far from
stability valley (drip-line
nuclei) and astrophysical
objects (like neutron stars),
where EOS behaviour
determines important

properties as the Mass
] and Radius.

_mf,,, E(p,T,ﬁ#O)

n b

E, (MeV)

sg | neutron

matter \

drip-lhine nucle
NfE=2

] 0.1 0.2 (3 (.4

De Jong and Lenske p (fm™)
Asymmetric

nuclear matter

The nuclear asymmetry energy describes the
increase in energy starting from a symmetric
configuration with N=Z toward the extreme limit
of neutronic matter
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EOS of asymmetric nuclear matter and neutron matter

: 3 o 66 % 1 o
Symmetry energy parametrization: “common” representation Second order expansion of

E(paé) =

E(p,0 =0)+

S (p)o

pn_pp N_Z

+..0=
P, +P, %

= symmelrce nuclear matter
- pure neutron matter

Isospin asymmetry is
present in nuclei far from
stability valley (drip-line
nuclei) and astrophysical
objects (like neutron stars),

symmetry energy around o

S(p)

po p p() +....
Po

Strength

The curvature
parameter

where EOS behaviour
determines important

properties as the Mass
and Radius.

E(p,T,5 =0)

das(p)

5} mmelry energy

Slope

L =3p,

—— Nuclear saturation

o dS P
Bopy =P (% =?0L Pressure
P=Po

. p,=0.16 fm”
Asymmetric
The nuclear asymmetry energy describes the Bl nuclear matter a1
increase in energy starting from a symmetric
configuration with N=Z toward the extreme limit E,,(p)=E(p,0 =1)-E(p,d =0) —
of neutronic matter — g =
E 40 ofl
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The key problem: the symmetry energy as a function of the barionic density

Symmetry energy constrained by neutron

EGB' — F and charged particle elliptic flow in
| —v18 - - -Rs s ASYEOS experiment at GSI
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How to constraints (and Why? ) the density dependence of symmetry energy ?

ASTROPHYSICS

STRUCTURE

REACTIONS

* Neutron star structure, compaosition, size,

mass and cooling rate, crust-core transi

density
« Pulsars, masses, spin rates

* Supernova explosions

* Stellar nucleosynthesis, r-process

= Structure of exotic nuclei {[masses,
drip lines)

« Neutron skin thickness

« [VGDR ISGDR

* Pygmy resonances

« Differences between |AS

* Flow patterns in HIC
« Multifragmentation, isascaling,
isaspin diffusion Neck emission

* nip, V3He, /T, K-/Koratios in HIC s

,

—— lons, electrons
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HIC : it is the only way in
terrestrial laboratories to
access EOS from sub- to
supra-saturation
densities




“Multi-messenger Astronomy”’

{A) Chiral effective field theory:

(B) Multi-messenger astrophysics:
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Huth, S., Pang, P.T.H., Tews, |. et al. Constraining neutron-star matter with microscopic and macroscopic collisions.

Nature 606, 276—280 (2022).

https://doi.org/10.1038/s41586-022-04750-w
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The Physics case:

dynamical vs. statistical production of Intermediate Mass Fragments (IMF).

Enrico De Filippo courtesy

Dynamical IMF emission in semi-peripheral collisions

1) The “neck” emission where
light IMFs (Z<=9) are produced at ——— ——
midrapidity due to the rupture of 1<Ay/A<1.3 1@
a piece of nuclear matter a low 5
density (“neck”). Thisis
generally a FAST process (<100
fm/c) .

2) Excitation of a primary
Projectile-like PLF* (TLF*)
followed by its splitting. In case
of (non-equilibrated) dynamical
fission the emission of the
lighter IMF is preferentially
backwards in the PLF reference
system

E. V. Pagano. INS-INFN University of Warsaw, Poland - 18 May 2023



The Physics case:
dynamical vs. statistical production of Intermediate Mass Fragments (IMF).

how can we separate dynamical from statistica emission?

1) Wilczynsky plot II 2) Theta proximity angle distribution

Relative velocities are expressed in units of the velocity Thetaprox is the angle between the beam axis (TLF-PLF)
corresponding to the Coulomb repulsion energy of a .

given subsystem according to the Viola systematics and the breakup axis (PLF - IMF)
(see J. Wilczynsky et al. IIMPE 14 353 and E.d.F. et al. Phys

Rev. C71, 044602, 2005).

We use angular

oal PXe +¥Ni 35 AMev = distribution of

|l fragmentsin
order to estimate
the probabilities

- ¥ Xe + ™ Zn

35 AMeV ,,.:é

Vem

of dynamical vs.
statistical
emission as a
function of IMFs
charge

Emission cronology: light \

fragments are produced
earlier (~40 fm/c) than
heavier ones (~120 fm/c)

the value VrReL/VvioLa = 1 (pure coulomb repulsion) indicates sequential decay

E. V. Pagano. INS-INFN University of Warsaw, Poland - 18 May 2023



REVERSE

One result:

The IMF dynamical emission probability for the PLF fission is
enhanced by the increase of both the projectile and the target N/Z
content (1sospin content)

W T T T T T T T T T 11 L
' LStat Sn+
10 ' A Stat ' Sn+"N

do/dZ (mb)

345678 91011121314151617 18192021 22
Z

L] || ] 1 1 ] I ] 1] | I 1 I ] ] L ] | L] ||
® Msn+™Ni b)
Q "sn+"Ni

P. Russotto et al., PRC 91 014610 (2015)

HEH
T T

Opyn/ Ostat
-
1

E-ﬁ-_-

1 1 1 1 1 1 1
34567 8 91011121314151617 18192021 22
Z

But

The two colliding systems of the REVERSE experiment (124Sn + 64Ni and 12Sn + 58Ni) have not only different
1sospin but also different mass (and size)
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INKIISSY

(INvers Kinematic ISobaric SYstem)

0.8

0.6

Dyn/(Dyn+Stat)

-

1 | | 1 | |
I I I I I System N/Z Projectile N/Z Target N/Z Compoud  Experiment
g 249n+64Ni | 148 | 129 | 141 | Reverse
!: ---------------------------------------------------------------------------------------------------------
Neutron rich - 124X e+64Ni 1.30 1.29 1.29 INKIISSY
124X e+647n 1.30 1.13 1.24 INKIISSY
1Sn+Ni i 124 ¢ 1.07 | 1.18 | Reverse

124Xe+ﬁ42n
s Xe+™Ni
o '#Sn+*Ni
A 1125n+55Ni

Two new systems with same mass of the
neutron rich but N/Z similar to the
neutron poor (124Xe + 64Ni and 124Xe +
647n) at the same bombarding energy of
35 AMeV

6 8 10 12

18 20 22 The Isospin dependence in the dynamical
emission is preserved

‘E.V. fPagano. LNS-INFN
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CHIFAR Experiment
(CHIMERA - FARCOS)

We decided to explore nuclear dynamics as a function of the energy
In particolare at lower energy regime: 20AMeV

CHIFAR experiment:

Study of the dynamical and statistical PLF break-up @20 MeV/A "

124Sn+64Nj, 112Sn+58Ni and 124Xe+64Zn at 20 A MeV (November 2019)

Spokes: E.V. Pagano, E. De Filippo, P. Russotto et al.

CHIMERA + 10 FARCOS telescopesin a

“quasi”- ring configuration

FARCOS arranged in a ring structure with 16< <30 polar angle

Only 6 analyzed for the present work

CEI(TI) =
i

G-Ady 25 plade

University of Warsaw, Poland - 18 May 2023




FARCOS

(Femtoscopy ARray for Correlation and Spectroscopy )

Based on (62x64x64 mm3) clusters

1 square (0.3x64x64 mm3) DSSSD 32+32 strips
1 square (1.5x64x64 mm3) DSSSD 32+32 strips
4 60x32x32 mms3 CslI(TI) crystals

DSSSD 1500 pm (2nd stage) Assembly
DSSSD 300 um (1statage) cluster

132 Independent
electronic channels

—)

132 channels by each cluster

Modular array of telescopes

High energy and angular resolution
AE/E discrimination, pulse-shape discrimination and possible TOF discrimination like in 4pi CHIMERA

Digitization (GET Electronics)

DSSSD(Double-Sided Silicon Strip Detector) each with 32 strips, both in vertical and in a horizontal and 4 crystals of CsI(TI).
Portability and modularity to be coupled to 4 detectors as CHIMERA or magnetic spectrometers

Integrated and reconfigurable electronics

Possibility of updating and upgrades

E. V. Pagano. INS-INFN University of Warsaw, Poland - 18 May 2023



Calibration FARCOS’s silicon strips in the CHIFAR EXP

Technique used: Punch Through

Si of 300 Si of 1500

If the partile if arrested in 1800 of Silicon the initial energy Ei is known

Particles used for the calibration and their energies calculated by LISE++*

Ei:????‘ E=0
. 300 1500 1800
Particle
First step in transmission Second step full stopped (MeV) (MeV) (MeV)
11 13,57 125,38 138,95
*http://lise.nscl.msu.edu/lise.html 1 'Be 18,52 172,68 191,2

‘Be 20,82 192,68 213,5
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Calibration FARCOS’s silicon strips in the CHIFAR EXP

Telescopes of FARCOS good and calibrated : T1, T5, T7, T8, T9, T10
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Calibration FARCOS’s silicon strips in the CHIFAR EXP

a coeff. distr. 300 um (error dev sta distr)

b coeff. distr. 300 um (error dev sta distr)
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Calibration FARCOS’s silicon strips in the CHIFAR EXP

T5 DE_E_all
. T5 DE E all
B Entries 171370 )
E jits e | Mean x 97.64
800 |— /el o e RMS x 82.01)
= E SRR S ' o RMS y 90.18
4 . L _,1_::-.- i
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B 067
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o
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Particles identification

Fit T5 DE-E identification

DE-E User Plot

600 ___hpl
Enfries 119754
N Meanx  76.58
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AMSy 8411 Part of Cristina Zagami’s PhD work at UNICT
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"neutron poor" o .
112§ 458Nj Part of Cristina Zagami’s PhD work at UNICT

@ 20 AMeV

Mass spectra: 1sotopic 1dentification Charge 1dentification

Charge distribution
i B wr— i L e N . h'l:”_‘
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Part of Cristina Zagami’s PhD work at UNICT

S Fit T5 DE-E identification s

12450464 N 124Xe+64Zn
@ 20 AMeV @ 20 AMeV
DE-E User Plot DE-E User Plot
600 : hpl 800 : hpl
- Entries 235117 - Enrries 126846
i Meanx  93.82 [ Meanx  B5.6
N Meany 5732 . Meany 59.65
900 AMSx 7166 200 AMSx  74.17
" RMSy 8358 s AMSy  94.76
400/ 400(- '
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e, Mass spectra: isotopic identification gE22E

rich" 124X e+647n
124S+64Nj
o @ 20 AMeV

@ 20 AMeV

aaa (ol Bk il Mok [T L T

Part of Cristina Zagami’s PhD work at UNICT
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"neutron rich" Charge identification "isobaric"

12450 +64Nj 124Xe+647n

@ 20 AMeV @ 20 AMeV

Charge distribution Charge distribution
- I I
£ Eniries 233932 g ¥ "Enties 126305
Mean 4,32 - # Mean 4.259
StdDev 2911 : Std Dav 122
10} Y e 10 : .
i ' . 1 .,
1':'-": = 1n-|. .
10""'2'"','1"'é"'g"'{u"'{g"'{{"*,'13"'1'3"2' 10 2 4 6 B 10 12 14 16 9
i

Part of Cristina Zagami’s PhD work at UNICT
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Preliminary Comparisons

- 124Xe + 64Zn  “Isobaric”
1128n + 38Nj “n-poor” Part of Cristina Zagami’s PhD work at UNICT

124Sn + 64Ni  “n-rich”

P e

TS mass distribution {Z2=3} T5 mass distribution {Z=4}
107 s i .
= by TS = b l_.l-l
:. !uls:i_:\zn = -- ?: a-l
L.
at #
] [
A
T5 mass distribution {£=5} T5 mass distribution {Z=6}
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First preliminary results of CHIMERA*

~ Binary events M=2 A>6

A2 . Al
111 L L] | 11 110 | L L B | L] | L L] | 1P 1T 170 | L I | L]
124gn + ¥Ni 20 MeV/A ] - -
| c.m. PLF source
— _l LI L LI LI L] L I B | I LI I LI I LI I L) I LI ]
150 — |
: ."!EID-— _-
< ] i
100 o ﬁ_150_— -
| = 'ﬂ: L
1 TLF | N ]
| 1 < | i
7 100 -
501 | I I
I Vo = I 50 i -
D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | I.I 1 | 1 I.I. 1 1 1 1 01 L1 011 | | : %n.
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V {EW“S} uII.JI.JI.JIJl.J:IJIl.JIJI.]I.JIIl.JII.Il.IJII.JI.JLJl.JI
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1 V™ (em/ns)

par

*CHIMERA data and FARCOS data are not yet merged
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First preliminary results of CHIMERA
Total kinetic energy analysis

From QE scattering

TKE vs. HF deflection angle kiRl

1500 '
awl-r | | I r | | I T | | r r | | r T 1 8 r | a8 r 1T 1 F [1 rrrrr | | x
- . {24 ¥ - i i
_ Sn+ NI 20 MeV/A i i
i ] < 100 &

TKE > 2100 MeV “. 1825<TKE<2100 MeV |

2 4 6 8 0 2 _4 6 8

4
\.frm {em/ns) "u'w, {em/ns)

1625<TKE<1 825 MeV

150}

100}
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00326 40 80 B0 100 120 140 160 180

Bl (deg.)

To Fusion-Fission reactions
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First preliminary results of CHIMERA

PLF break-up

dr

4.6<A, /A, <10

Yield (Norm.)

0 05

cos(0,,,)

05 0 05

cos(B,,,,)

1.6<A /A, <2.6

Yield (Norm.)

1.0<A, /A, <1.6

‘E.V. CPaga:no. LNS-INFN

University of Warsaw, Poland - 18 May 2023

Several conditions to select «good» PLF break-
up events. For example
1) 100<AH+AL<134

2) Vpar>2.15 cm/ns (TLF reject)

3) disentangle from fusion-fission reactions
etc, etc

Dynamical emission (%)

An /AL

”-I'SII'IHIHHi

124 En+l:i-lz"

4.6-10
2.6-4.6
1.6-2.6
1.0-1.6

G
48
22

5

45

43
18
4

Very preliminary results but promising for
next step data analysis




New project:
NArCoS (Neutron Array for Correlation Studies)
IDEA

To realize a prototype of detector able to detect at the same time charged
particles and neutrons with high energy and angular resolution for reaction
studies and applications

Candidate: The plastic scintillator EJ276-Green Type (ex EJ299-33) (3x3x3cm3)
1 cluster: 4 consecutively cubes -> 3x3x12 cm3

Reading the light signal: Si-PM and digitalization

Modular, reconfigurable (in mechanic and electronic)

Discrimination of n/y from PSD (but also light charged patrticles)

Energy measurement from ToF (At<1 ns with Ly g=1+1.5m)

TOF measured using the RF of the CS or with an ancillary MCP  (low intensity exotic beams)

~12cm
300 um DSSSD 32x32 NArCoS
300 pm
Ny - —
g Z \ 3x3X3cms3
A —
°°3 : t l IEJ276G
S n
6.4 > ‘
x i7 ' | —> SiPM




NArCoS (Neutron Array for Correlation Studies)

Time of flight ~12.cm
? NArCoS
DSSSD 32x32 *
L=150 cm; AT=0.5 ns *
300 um
Solid angle = 7 msr (0.07%) °
T Angular resolution DSSSD = 0.15° ;EFF>z25| % t
B=5° Angular resolution NArCos = 1.25° or one cluster
Losssp=75 €M
< >
e
Lnarcos=150 cm
AT/T (AT=0,5ns) (150 cm) AE/E (AT=0,5ns) (150 cm)
4 7
6
3 @ p (6 Mev Th) 5 ® p (6 MevTh)
* d (8 MeV Th) * d (8 MeV Th)
o t(1 Th 4 —. t (10 MeV Th
e 2 p | | t (10 MeV Th) o —_L— ( e )
- ® « (25 MeV Th) 3 ® « (25 MeV Th)
(u / /
7, —
1 A —7 2 V
1
0 0
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Energy (MeV) Energy (MeV)
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NArCoS (Neutron Array for Correlation Studies)

Time of flight ~ 12 cm
0 NArCoS
DSSSD 32x32 *
L=150 cm; AT=0.5 ns
300 pm
T Solid angle = 7 msr (0.07%) °
Angular resolution DSSSD = 0.15° |<=EFF>z25I 7o ¢
B=5° Angular resolution NArCos = 1.25° or one cluster

Losssp=75 €M

£ >
<— —_
Lnarcos=150 cm AE/E (AT=O,5I’]S) (1 50 Cm) (AL=1 ,5cm)
AM/M (AT=0,5ns) (150 cm)
8
14
7
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6
10 @ p (6 Mev Th)
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8 D .a
3 @ t (10 MeV Th) s 4
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3
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What about the neutron detection efficiency?
GEANT 4 simulation in order to estimate the neutron detection efficiency

Mean value for one detection cell (3x3x3 cm3) = 9%

- fiBisrons datacion afficlansay forona-aall (R ey Mean value for one detection cluster (3x3x12 cm3) = 25%
: EJ E?EG] N :::“E"ﬂ: E ;‘:‘v Neutrans detection efficiency for one cluster (3x3x12 cm®)
as e e &0
- > thresshokd: 1.5 MoV = - - — .
sl . - rwosholo: 4.0 Mov - [EJ 2766] o St 05 N
E 50 [ s (hraghold: 1.5 May
as— . N - - - - - o |Mraahold: 4.0 Mey
E‘E 20 - - = [ - - R
- 40
15} - - - * s
10} - - ) N 2 30f ) . ) . ) —
= I == N - " 0 0 -c: . = ]
- 1 L 1 3 Eﬂ T ‘.- -
= 10 20 30 a0 5
Me'f (neutron & [
10}
Mean value for a 36-cell array (9x9x12 cm3) = 33% '
P . P . . . ,
® Threshold: 0 MeV 10 = * * Mev {nemmr?gnﬂrgﬂ
80% # Threshold: 0,5 MeV Scheme of Simulation Geometry:
S O Threshold: 1,5 MeV 36 (3 x 3x4) cell array
g O~ Threshold: 4 MeV
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3
&
M 45%
() (@]
.(7) g
= =
3 28% M %
q -~
[
0 14 28 41 55

Neutron Energy (MeV) Fontal View Lateral View
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Latest resuls: tests by using the SiPM (i-Spector CAEN)

The test was done during the master thesis work of A. Simancas in Catania (EVP tutor)

a’{\O“ .

=Detector Configurations: Lol 0
>EJ-276C + PMT  gmenc®®
>HdJ-276 + 1-Spector G poit, A
>EJ-276G + i-Spector E\]_Paga“@

>Lab measurements with radioactive sources:
>Vacuum Chamber
>PDb shield
>Gamma sources: 133Ba, 137Cs, 60Co, 152Eu
>Alpha source: 241Am
>Daigitizer from CAEN

1-Spector from CAEN
(3x3 cm S1PM and

>PData analysis of heavy ion reactions: .
electronics)

>CHIMERA scattering chamber (LNS)
>Detector at 11° 1n lab frame

>Beam: 124Sn at 20 MeV/A (CHIFAR experiment)
>Targets: 64Zn and 64N1

>GET digital electronics

Wrsalorm Chi

1000
(1) bput ——

(2] Bassling
(4] Long Gate
00 (6] Shor Gate

800 ]-' L\

700 | &

ADG cours

&00

500 | | Example of signal and integration windows
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using sources

137
PIP vs. Energy of **'Am+'*"Cs 002
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EJ-276 + i-Spector

‘E.V. CPaga:no. LNS-INFN

PIP vs. Energy of 2'Am+'*’Cs 001
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i-Spector + EJ-276 0.98
i1-Spector + EJ-276G 1.47
PMT + EJ-276G 1.03
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PSD studies using beams

CHIFAR exp @Ins (spokesperson:EVP, E. De Filippo, P. Russotto)

EJ-276 + i-Spector

for '**Sn + **Zn

Decay Time vs. Q

124 64 g -
Qg VS- Q. for “'Sn+""Zn £ 8
slow ast 2
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PSD Method | FoM(y, Z=1) | FoM(Z=1, Z=2) | FoM(y, LCP) '-C,\'l’ezt';i?n“s‘ iﬁ';ﬁ:g:g i':‘ a;‘i‘;'es

Integration

1.08 0.78 -

Decay Time 0.95 0.87 0.71

For the “decay time” technique see: E. V. Pagano et al. NIM A 905 (2018) 47-52
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New opportunities at LNS

FRAISE: a new FRAgment In-flight SEparator
Approved inside POTLNS PON ~=20M€

The idea in order to increase the beam intensity

A new extraction beam line for the INFN-LNS CS

Existing extraction line
Py - Se— (by ES deflector: no
.--._,-".-.

W\ o , more than 0.1 kW)
e . D

ol ih

BTN
=RO( \\,.,'
o . _
oY

Incr'ease in current of ®
102 with respect to
current status (210 kW)

T YD DenuIng:
New/ T

Magnet
Extraction

line /

~P~J=-0t

|
Courtesy by D. Rifuggiato
HIB@LNS 2015

E. V. Pagano. LNS-INFN

University of Warsaw, Poland

6(traction by stripping (hig\h
efficiency >99%) is based on the
instantaneous change of the
magnetic rigidity of the
accelerated ion, when its charge

state is suddenly increase
\c : hs bon foil 9

Light ions - A<20 - with energies
higher than 15 MeV/u, are fully
stripped - gq=Z - with F(Z)>99% -
when crossing a stripper foil with
equilibrium thickness Atomic
Data and Nuclear Data Tables,
Vol. 51, No. 2, July 1992, Table 2
pag.187

l_LJ:| ’_‘L

Matching Point at Achromatlc Waist

- 18 May 2023



FRAISE: a new FRAgment In-flight SEparator
Approved inside POTLNS PON

AR 77

End of FRAISE
beas Tine

. AEXIT SLIT
MAGNE X e

A

CHIMER A

.

f Degrader an&r
/selectlon shis

1. ||.
LA

Rotating Target

.-"?

— )" CLIM (GANIL)
!l 1 ':_-.umq.;uqd.‘_h_flr:g d i fl? If -
Inpaciois Cydotron \ H} A
=y "'5 P 47 i
- —I-,'_fl--—-- ":"If-fF.-'-S-" J'é
i - ..‘;-. boag-lipe -'-. "j-
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FRAISE: a new FRAgment In-flight SEparator
Approved inside POTLNS PON

Main features:
4 dipoles and 6 quadrupoles, arranged
in a symmetrical configuration
*maximum magnetic rigidity 3.2 Tm
*momentum acceptance +1.2%
+solid angle acceptance +2.5 msr,
*energy resolution 2500 for a beam spot
size of 1 mm.

| Mee |
RP = |- = 2500
2xgRyy
Degrader or Energy (beam spot +1 mm)
selection slits

»thanks to high energy dispersion value
at the symmetry plane, it will allow to
deliver stable beams with an energy
spread of 0.1 %

*up to 2 kW as primary beam power

Production

E. V. f,Pagcmo. INS-INFN University of Warsaw, Poland - 18 May 2023
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FRAISE: a new FRAgment In-flight SEparator @r
Approved inside POTLNS PON

Some examples

12C6+ @ 60 AMeV 2 kW on 2500 um 9Be

23Ne

24N e

25N e

2F 23F 24F

130
12N
9C 10C 1C
4.0E5 | 1.2E7 | 2.2E8
45 43 44
8B 108
3.1E6
42
Be ‘Be
1.5E7

8LLi

10Be

1.6E7
50
9Li

4.2E6 8.9E5

50

51
SHe

51

11Be

12Be

210 220 230

20N 21N 22N

19C 20C

Coumasy ‘P. ‘Russotto

26N e

25F

240

23N

22C

27N e

26F

28N e

27F

Expected yield (pps)

(AMeV)

E. V. Pagano. LNS-INFN

Energy after the exit slit
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B

FRAISE: a new FRAgment In-flight SEparator
Approved inside POTLNS PON

B

Some examples

Coumzsy ‘P. ‘Russotto

12C6+ @ 60 AMeV — 1808+ @ 70 AMeV 2 KW on = 2500-1500

17 18 19 23
= 117\123 118\11; 20F 21F 2£ L 11 ll;T 0tes1:2
130 140 150 160 170 190 200 21 * 3C will allow: 2B 1.2E8 PPpS
7.2E4 | 1.4E6 | 2.8E7 4.4E6 ]
54 | 40 | 54 50 « 160 will allow: 150 2.7E8 pps, 140
12N 6N UN BN N 20 1.3E7 pps, 130 4.2E5 pps
1.2E6 6.9E8 3.2ES8
i) 2 /] «  Primary beams at lower energy
9C 10C 1C 13C 14C 15C e 17C 18C 19 _ V) d thi t t
4.0E5 | 1.1E7 | 2.2E8 1.1E8 4. OE7 1. 4E7 1. 2E5 4. 8E2 (30 AMeV) and thinner targe
45 43 44 59 will give about YIeld lower by =1
5B g | 1 oL order of magnitude and final

2.6E7
57

10Be 11Be
1.6E7 1.5E6
50 58

8L.i 9Li
4.2E6 8.9E5

51

7.5E6 1. 4E6 2. 6E5 energies of 15-25 AMeV

58
12Be
2.8E5

M

14Be
3.0E3

60 63
1y 4
3.3E3
Expected yield (pps)
Energy after the exit slit
(AMeV)

University of Warsaw, Poland
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@r FRAISE: a new FRAgment In-flight SEparator @r
Approved inside POTLNS PON

Some examples

12C6+ @ 60 AMeV - 18308+ @ 70 AMeV - 20Neto+ 2 KW @ 70 AMeV on 2500-1500-1250 um 9Be target

17Ne | 18Ne | YNe
8.7E5 | 3.1E7 | 6.0ES8
53 51 52
17F 18F 19F 20F 21F
1.7E8 9.5E6

50 55

B3O | O | B8O | 60 | 170 190
7.2E4 | 1.4E6 | 2.8E7 2.3E6

54 40 54 39

2N | BN | UN | BN [N ST N
1.2E6 | 2.3E7 6.9E8 3.2E8 3.7E6

49 53 57 57

9C 10C 1C 13C 14C 15C 16C 17C 18C
4.0E5 | 1.1E7 | 2.2E8 1.1E8 4.0E7 1.4E7 1.2E5 4.8E2
45 43 44 59 59 60 58 55

21Ne | 22Ne BEEAVEERZEASEERAA O\ A\ (WS

SB 108 1B 12B 13B 14B 15B 17B
3.1E6 2.6E7 7.5E6 1.4E6 2.GE5
42 57 58 60 51
Be Be 10Be 11Be 12Be 14Be
1.2?7 1.2?6 z.zoEs JE;LB Expected yield (pps)
— T e E— -TEnergy after the exit slit
4.2E6 8.9E5 3.3E3 (AMeV)

50 51 60

Courtes Y ‘P. ‘Russotto
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FRAISE: a new FRAgment In-flight SEparator
Approved inside POTLNS PON

.

For our physical case

.Isuspin degree of freedom affect the enrichment of the dynamical

components with respect of the statist

cal one in the IMF production

FRAISE beams
®®Ni from a primary of °Zn  around 25 AMeV
minimum intensity = 106
*®Ni from a primary of *®Ni around 25 AMeV

minimum intensity = 10°

Future Reactions with FRAISE beams ?
CHIMERA

%8Ni +129Sn N/Z =1.46 Neutron rich

56Nj +1126n N/Z=1.15 Neutron poor
Future Reactions with stable beams ?

CHIMERA
9%Zr +9Zr N/Z=1.40 Neutronrich
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Conclusions

The study of the Reaction mechanism 1s a very active area in HIC. The dependence of the
dynamical emission of the reaction on the Isospin degree of freedom tell us a lot about the EoS of
nuclear matter and the property of the in medium interaction with implications not only for nuclear
structure e reaction mechanism but also for the study of cosmic objet like neutron stars.

In the next future new facility for RIBs will allow to perform new experiments using intense
radioactive beams. Using this beams and in particular with the n-rich ones a large amount of
neutron production is expected in the HIC. For this reason, new projects, for the construction of
new neutron detectors performing high energy and angular resolution are ongoing

Thanks for the attentions
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