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EoS: paths with HIC

N
(=]

. critical
-° point

metastable regions

Temperature (MeV)
o

—
o

Open many-body quantum nuclear systems

From low densities to clusters

B. Borderieet al., Prog.Part.Nucl.Phys. 61 (2008)

e Central collisions:
excitation controlled by beam
energy

Decay of dense and hot central source
Thermal and collective motion important
Low densities p=0.001-0.3

* Peripheral collisions:
excitation controlled by impact
parameter

Decay of Quasi-Projectile Size
decreases with excitation
~saturation p ~ 0.8-1



Do we probe dilute and warm matter?

Pre-equilibrium, Fragments, clusters,
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Densities vs Temperatures

Target and Proj spectatorsin Au+Au E/A=1GeV

Zyouna~Z of spectators

. - excitation energy
HBT (femtoscopy) and correlations
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Densities vs Temperatures

Target and Proj spectatorsin Au+Au E/A=1GeV

Zyouna~Z of spectators

. > exc1tat10n energy
HBT (femtoscopy) and correlations

G. Verde et al,, Eur. Phys.]. A30,81 (2006)
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Densities at intermediate energies
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Densities at intermediate energies

Xe+Au E/A=50 MeV b,.,<0.3 | LASSA Data @ MSU HBT radii
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LASSA @ NSCL-MSU

Complex N-body
quantum systems



EoS of asymmetric nuclear matter

- ~ 2 4 _PPy
Asymmetry term pP=p,+p,

Many approaches... large
uncertainties....

...Especially at high densities
(three-body forces)

ZH Li, U. Lombardo, PRC74 047304 (2006)

Brown, Phys. Rev. Lett. 85, 5296 (2001)
Fuchs and Wolter, EPJA 30,5 (2006)

B.A. Li et al., Phys. Rep. 464,113 (2008)
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Esym enhanced in reactions with
large N/Z asymmetries (due to 62)



Densities of bosons and fermions
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[sospin drift and diffusion
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[sospin drift and diffusion

Isospin
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[sospin drift and diffusion
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[sospin diffusion and imbalance ratios
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Density dependence of

symmetry energy
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EoS of asymmetric nuclear matter
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E,(p) &

Asymmetry term

0.5

0.4

0.3

Eqym{PVE gm0y

=

|
0.1

02

I/

® Experimental data

oo °8 ¢~
s

S

K QS, T=1MeV -
/' ._..- QS ,T=4MeV
S .-~ QS,T=8MeV ]|

80
70
60

Eym(MeV)

- Alpha clusters at low densities
modify EoS prescriptions
= In-medium modified nuclear

density p/p,

properties

+ O

50 |
40 |
+ 30 ! e
20 -

_P.—P
(54) 5_pn+pz
P=p,+p,

B.A. Li et al., Phys. Rep. 464,113 (2008)

| I I | | I | | |
| Skyrme-Hartree-Fock
[ with 21 parameter sets ~ /

//

Esym enhanced in reactions with
large N/Z asymmetries (due to 62)



In-medium cluster decays: thermal model

Thermal approach
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Be resonances decays

Ar+Ni, E/A=32-95MeV - central — *Be 2 a+ «
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Be resonance decays

Ar+Ni, E/A=32-95 MeV - central — 8Be 2a+a
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Be resonance decays

Ar+Ni, E/A=32-95MeV - central — *Be 2 a+ «
INDRA @ GANIL
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Be resonance decays

Ar+Ni, E/A=32-95MeV - central — *Be 2 a+ «
INDRA @ GANIL
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Be resonance decays

Ar+Ni, E/A=32-95MeV - central — *Be 2 a+ «

INDRA @ GANIL
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Higher order correlations: 3a—=>1%C states

12C+2*Mg E/A=53 and 95 MeV
INDRA data

12C>3a 12C E*=7.65MeV (Hoyle state)
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Astrophysics relevance: Which stars do host the
Hoyle process?




In-vacuum measurements

OSCAR data @ LNS HEN(d,x)12C*
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D. Dell’Aquila, I. Lombardo, G. Verde et al.,
Physical Review Letters 119,132501 (2017)
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deuteron Q

Journals ¥ Physics PhysicsCentral APS News

-vA
Ph)/SICS ABOUT BROWSE PRESS COLLECTIONS

Direct decay < 0.043% (95% C.L.)

Viewpoint: Watching the Hoyle State Fall
Apart

Oliver Kirsebom, Department of Physics and Astronomy, Aarhus University, Ny Munkegade 120, Aarhus C Denmark,
8000

September 25,2017 « Physics 10, 103

Two experiments provide the most precise picture to date of how an excited state of carbon decays into three
helium nuclei.



In-vacuum measurements

OSCAR data @ LNS HEN(d,x)12C*
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Dedicated in-medium studies
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Dedicated in-medium studies

B ~ 9.6 MeV
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Dedicated in-medium studies

FAZIA (Four-pi A- and Z-ldentification Array)

FAZIACOR @ LNS
G. Verde, D. Gruyer, FAZIA Collaboration

325+ 12C E/A=25, 50 MeV
365+ 12C E/A=25, 50 MeV ... 2 ?ONe+!2C

AE1 AE2

S

Struttura del telescopio

Si

Hl. [} 11

300pum 500 /700pum

Csl(TI)

30-100 mm

Fully digital electronics: particle

identification directly from digitalization of
Si and CsI(T1) signals

= almost online available
- Wide dynamic range (100 keV- GeV)




Preliminary data on the Hoyle state
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= Only direct decay - direct decay: Effects of medium

- Negligible background on nuclear structure? Links to

- Agreement with out-of-medium results alpha density estimates... BES?



Some preliminary Na-X correlations

D. Gruyer,
LPC Cean
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FAZIA-INDRA @ GANIL (2019-2020)

beam = INDRA fragments and
particles at 0 > 14°

* 12 Blocks (192 telescopes)
 full Z & A identification of 1<7<25 at0 < 14°

B64N{+5564Ni  E/A=30-90 MeV



In-medium investigations

* HIC: warm and dilute medium with plenty of unbound
states

— Femtoscopic probes to characterize medium = EoS, symmetry
energy (astrophysical implications)

— Study structure properties in thermal medium: resonance
decays = beyond thermodynamics picture

* Modification of structure properties in resonance
decays?
— Future perspectives: INDRA-FAZIA campaigns at GANIL

Welcome to collaborate (experiment, analysis techniques, theory)
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[sospin drift and diffusion

1126n+1125n (SMF, Colonna et al.) E/A=50 MeV
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Colonna et al.; Danielewicz et al.



[sospin drift and diffusion

Isospin
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Colonna et al.; Danielewicz et al.



[sospin drift and diffusion
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[sospin diffusion/drift @ INDRA-FAZIA

N/Z translucency

Mid-peripheral

é)% ‘

Low (N/2); ‘longz,
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N/Z equilibration

Primary
B

E. Galichet et al. PRC79, 064614 (2009)
G. Verde et al., EPJA 30, 81 (2006)



[sospin diffusion/drift @ INDRA-FAZIA

Secondary decays!
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[sospin diffusion/drift @ INDRA-FAZIA

Secondary decays!
Mid-peripheral N/Z translucency - Detected N/Z# primary N/Z
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Results from INDRA-VAMOQOS
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EoS: paths with HIC

Caloric Curves
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Decay of Quasi-Projectile Size
decreases with excitation
~saturation p ~ 0.8-1

Open many-body quantum nuclear systems

From low densities to clusters

B. Borderieet al., Prog.Part.Nucl.Phys. 61 (2008)



Intermediate energy dynamics

Pre-equilibrium, Fragments, clusters,
' i unbound states
Central Xe+Sn /‘ compression, expansion
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Intermediate energy dynamics

Pre-equilibrium, Fragments, clusters,
Contral Xe+S /‘ compression, expansion unbound states
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Intermediate energy dynamics

Pre-equilibrium, Fragments, clusters,
i i unbound states
Central Xe+Sn /‘ compression, expansion
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Observables at intermediate Energies:
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See talks by P. Danielewicz and Z. Chajecki




Interplays dynamics ¢ structure

Pre-equilibrium, Fragments, clusters,
i i unbound states
Contral Xe+Sn /‘ compression, expansion
E/A=56 MeV, b=0 fm J /
e e 0. ..
*® - TTHINCY) TR0 SRR
a 9
> 3 e
t=10 fm/c - ° °
osF ' T .
® Experimental data t=100ﬁ’l’l /C t=200ﬁ7’l /C
0.4 .
gie)
Y - R I )
= 07 P T 1 ¢ Important role of clusters at low density
% ool 2 7 | and finite temperatures
T Qs, T=1MeV | Femtonova (talk by K. Hagel)
|/ .—..— QS,T=4MeV
0-1,‘-/’ ——— QS,T=8MeV |
| > in-medium effects on structure
0.0 0.05 0.10

density p/p, J. Natowitz et al., Phys. Rev. Lett. 104,202501 (2010)



Clusterized matter #Uniform matter

Pre-equilibrium,
compression, expansion

Central Xe+Sn /
E/A=56 MeV, b=0 fm ¢ /
o o
—— — ’ ° 2 \
> : rartuy 2 ¢ o
o o
b ] 1 e
=10 fin/c - ® o
! | ! ' ! ! | .
0.5F .
® Experimental data t=100ﬁ’l’l /C t=2 OOfﬂ’l /C
0.4 -
=) c—— o
% AP T « Important role of clusters at low density
% ool # 7 and finite temperatures
Ao Qs, T= 1 Mev | Femtonova
I/ -—.-— QS, T=4 MeV ° °
01F /.~ ast-smev | > in-medium effects
S - Changes in nuclear structure?
0.0 0.05 0.10

density p/p,

Fragments, clusters,
unbound states

J. Natowitz et al., Phys. Rev. Lett. 104,202501 (2010)



Imaging sources at different emission
stages

Xe+Au E/A=50 MeV (Central)

Early Late
dynamical long-lived
emissions sources
€0.08 . . . . . . .
< 0.06 + J
Sou | | High PT protons emitted
R A B at early dynamical stage

04 /
© 03 - .
£

= 02 - . L

a.

0 50 100 150 200 250 0 1530 4560
L

time (fm/c) /™

BUU simualtions

T. Minniti, F. Miano, GV, B. Barker, P. Danielewicz



Imaging sources at different emission

stages

Experimental data (LASSA @ MSU)

Xe+Au E/A=50 MeV (Central)

Early Late _
. . s
dynamical long-lived c
Issi + .
emissions SOUrces %
= 0.08
<£0.06 |
)
5 0041
=~ 0.02 -
I
04 -
© 0.3 - i _
£ 5.
s 02 - " I z .
o i
0 ' T T T T L L L
0 50 100 150 200 250 0d1]330 45 60
< [
i d(p./m)
time (fm/c)

BUU simualtions

T. Minniti, F. Miano, GV, B. Barker, P. Danielewicz
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Imaging sources at different emission

stages

Xe+tAu  E/A=50 MeV (Central)
Early Late
dynamical long-lived
emissions SoUrces
7 0.08
< 0.06
5 004}
=~ 0.02
5 o
0.4
O (.3 - i
=
s 02 - I
o »
0 T T T T T L ! L
0 50 100 150 200 250 0d11\5r 30 45 610
dprjm)

time (fm/c)

BUU simualtions

Experimental data (LASSA @ MSU)

PN ... 1200 fm/c
5 [ T L
2 f = \ Late
.. \
h{ t<60 fm/c
. ’ Hi++é*++++¢+'f+i'++q
g = Earl
% 0N
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Wl oo o
#ﬂ?” 4. t>150fm/c
LN et 0e,
g e I
g ./ - %
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' Medium P; \
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T. Minniti, F. Miano, GV, B. Barker, P. Danielewicz

Size

Fast source

Source size
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Densities “as seen” by bosons and fermions

Proj @

Target
@:@ oo ° '\INDRA—VAMOS experiment

0Ca +49Ca @ E/A =35 MeV

) e * E Decay of excited quasi-projectile
> 10~ md &
é’ B A O n L +
s 8 = . . . .
a LR ] e Different particle species probe different
s o . LI Yok i T densities and temperatures
24 = : . o
B W 00O o e Mixtures of bosonic and fermionic hot matter
g 2;A'l Y @ L4 _ . .
£ Tae® at sub-saturation density
|q_" o;:)::{::::}::::}::::}::::{::c:}:::TE

C » -

_ pnnt?
— 2 vy - ' L A ' —
o 10 E A '.‘ =
= [ 9 ( L i
D 0
= 107 F 3
s [ ® nd 1
Q Ao . e .

0= P. Marini, H. Zheng, M. Boisjoli, G. Verde, A. Chbihi et al.

Phys. Lett. B 756, 194 (2016)

Excitation energy per nucleon (MeV)



Fragment emission time-scales

IME-IMF Correlation Functions

IME: Z>2
Yeoinc (Vrea)
1+ R(U ) _ coinc\Yre
T red Yevt mixing (vred)
2R
} 5, = 7|

Compact thermal
source (T, Beonys ---)



Fragment emission time-scales

IME-IMF Correlation Functions

IME: Z>2 7, p+Au 8.0,8.2,9.2,10.2 GeV/e
|+ R(vyeg) = come(rea) - (e gm0 |
red’ — 1k e /8 = 20— e -‘G:Nc’—.:“?‘::éw- —
T Yevt mixing (vred [ /e 2025 ‘ i v ?).
r oMM e
2Rs o8 I SRS 1 B
—~ v=500fm/c -
$ N N 0 — S —t—t—t e ———+ 1 (D
v = lvl _ v2| 1} £/A. = 4.5-55M VM)’Q 0229 6002075 Q
red — o ' =A4970OMEY e 11 W
Z]_ + Zz /\g o ogrfsf = 30fm/ ] 5
> 0-5¢ g=atm 7=75tm/c 1 | OQ
xr | t=30fm/c '
Compact thermal 0 R e el B
T - . ° 0 *.J)f?"-g"'e'ﬁﬁf“ ~~
source ( p [3(:011/ . ) 1| E/Au=75-85Mev o 02227 . V >
O DATA i
0.5 d=6fm, 7=20fm/c
......... d=2fm, 7=50fm/c
/ t=~20fm/c _
90 """720 30 40 50
N-body Coulomb trajectories vy (107 ¢)

Source radius and emission times:
Rg, P(t) =(1/7) - exp(-t/t) 2 T



Two-particle correlations: resonances in
dilute nuclear medium

?p,vme velocity vectors Quecay = Mgp - o2 _ ( M,, - 2+ Myp, - CZ)
in two-body CM  7ga

P e 1 1
SB E*(°B) = _Qdecay + EMPUP + EM7B€
1 2
O . | — _Qdecay + 7 HVrep = _Qdecay tErer
9
»

p e
@( Correlation function:

Y. ... (’Be,
Particle emitting sources 1+ R(E, el) - coine( > P)
extended in phase-space Yevt mixing ("Be, p)




Resonance decays in dilute and warm
nuclear medium

125n+1125n  E/A=50 MeV

p-7Li correlation
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Thermal model of in-medium
resonance decays

States of °*B =2 p+'Be

Uy, U i 232
Uy, V7ge Velocity vectors 3+ \

in two-body CM Be

p 1.4 (?) \
SB 0.774
Q ) = pBe
o

B
6] D \
e
@/' p e
0 Correlation function:
Y..in-(’Be,
Particle emitting sources 1 + R( Erel) — COlnC( p)

extended in phase-space Yevt mixing (" Bé, )



Thermal model of in-medium
resonance decays

States of *B =2 p+'Be

U, U i 232
Uy, V7ge Velocity vectors 3+ \

in two-body CM  7ga

1.4 (?)
p
8B 0.774 \
Q 1‘ = ptBe

B

o Y huct (E*) =

p °
- _N e I;/2
®./‘v _ Ee/E(/TZ(Zli +1) [(E* _ Ei)2+riz/4]
\ J
|

Particle emitting sources In-medium Nuclear structure:
extended in phase-space temperature spin, branching ratios,

resonance position




In-medium structure: spin

p-"Be correlation function

Y coinc ’B )
1+ R(Eyp) = —coinel 220

evt mixing(7Be;p)

1.5

1+R

0.5

0 1 2 3

Erel (MeV)

(E*—E;)2+4Tf /4

«zia¥+1ﬂ ]

States of *B = p+'Be

2.32

1L

1.4 (7)
w<5\\

B

Xe+Au E/A=50 MeV central collisions
(LASSA data)

W.P. Tan et al. Phys. Rev. C69, 061304 (2004)



Counts

Other cluster correlations: N>2

a+a+p+p

12C+24Mg E/A=53 and 95 MeV INDRA Data
4001 10G_y54.00
300% 10C Qdecay = —3.7 MeV
250

200 | Equm = ?:1 Ek,i (MeV)

150 |

100 S
50 | E/A=95 MeV
0 Il 1 1 | ! 1 | 1 1 | 1 1 1 1

’ ’ " 658 Doubly Borromean

_ ¢ oo |s22538 (Brunnian) nuclear system
- 10C—>20L-2p *Be+a
300 _3.8207 _4.006_

E Be+2p 3354 2t B+p

250
200 1000

150 F

4.835

100

|
J\S|OW n
_—14\

2m0C2 } IOC o5l

E/A=53 MeV
o 5 10 1

Esum (MeV)

F. Grenier et al., Nucl. Phys. A811,233(2008)



Counts

400
350
300 -
250
200
150 |
100

350
300 |
250
200

150 |

100

Other cluster correlations: N>2

a+a+p+p

%Cc2a-2p

E/A=53 MeV
s 10 15

l;surn (PVIe‘J)

12C+24Mg E/A=53 and 95 MeV

IOC

6.58
5.100 5.22 2.38
*Be+a
3.8207 2006
*Be+2p 3.354 2 B+p
1000
c
s T
2m.c? 10 Y I_ %
° C

INDRA Data

Quecay = —3.7 MeV

Equm = ?=1 Ek,i (MeV)

Doubly Borromean
(Brunnian) nuclear system

F. Grenier et al., Nucl. Phys. A811,233(2008)



Counts

In-medium structure: branching ratios

ata+tp+p

12C+24Mg E/A=53 and 95 MeV INDRA Data
4001 106 55090
350:—
300 - W 10C Qdecay = —3.7 MeV
250
200 E = Y4 E MeV
1501, T sum = i=1 Ex,; (MeV)
100 | \
0 fw /A=95 MeV
002 M T I — L1
‘ ° 658 Doubly Borromean
_ —— |sg538 (Brunnian) nuclear system
350 100_,00,.0n “Bere —
300¢ %ﬁg 3.354 o TBrp 3.7
280 2a+2p
200— c 1000
150 |- 3
100 | 2moc27L D - T 1“8“ _
5oL E/A=53 MeV 10C* =» Beta=> 2pta)+a
% s 0 s Sequential - C*=>» SBe+p+p9 (O(+O()+p+p
Eum (MeV) 10C* = 'B+p=> (prata)+p

Direct 10C* = a+a+pt+p



In-medium vs out-of-medium?

12C+24Mg E/A=53 and 95 MeV

INDRA data
12C2>3a
1200i 2C-30
1oooi
" 800 ]
2 0
3 600
o :
400’:-
200, E/A = 53 MeV
05 11111111111111
0 5 10 15
600 —
1 2C-30

500 |
400 —

300 |

counts

200 |

100 |

E/A = 95 MeV

llllllllllll

12C E*=7.65MeV (Hoyle state)

/.

aoa'

Simultaneous

Heavy-ion collision
experiments (in-medium)

a
(1‘ a‘

Sequential

Direct transfer reaction
experiments (out-of-medium,
”vacuum”’)



In-medium resonance decays in HIC

FAZIA (Four-pi A- and Z-ldentification Array)

HI | § ||

Struttura del telescopio

AE1 AE2

SY |Si

300pm 500 / 700pm

Csl(TI)

30-100 mm

Pd

Fully digital electronics: particle
identification directly from
digitalization of Si and CsI(T1) signals

- almost online available

- Wide dynamicrange (100 keV- GeV)

FAZIACOR experiment (March 2017)
G. Verde, D. Gruyer, FAZIA Coll.

20Ne, 328 + 12C
E/A=25 and 50 MeV

Electronics

Fully digital
FE under vacuum
Detectors

2 nTD Silicons
CslI(TI) scintillator

Identification

Pulse Shape Analysis
DeltaE — E
Full isotopic identification

20Ne,2S@25,(50)MeV/A



What densities? femtoscopy

Physical correlations

Quantum statistics (if identical)

O ’
- Final State Interactions: Coulomb
+ Nuclear
T ——
O e

- Phase-space, ...

Intensity interferometry / Femtoscopy

g = mom. of relative motion

p-p correlation
5, function

L ——

0

2|0 46 66
q (MeV/c)

80

L
Source function S(r)

Koonin-Pratt

R(G)= [ dF-S(F) K (7.q)

7z

01r

Imaging
(Danielewicz) |

* Space-timeimage and size 005 -
of early dynamical source

1+R(q)=k- Yo (9) %0 24 'sf
Yevt.mixing (q) I'( m)




1+R(q)

What densities? femtoscopy

@ QO;Z{:

Intensity interferometry / Femtoscopy

g = mom. of relative motion
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p-p correlation
o, function
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20 40 60 80

q (MeV/c)

Koonin-Pratt

R(G)= [ dF-S(F) K (7.q)

 Space-timeimage and size
of early dynamical source

Ycoinc (q)

1+ R(g)=k-

Yevt .mixing ( q )

7z

Radii, A values, etc.
Directional studies,
shapes, elongations,

L
A Source function S(r)

01r

Imaging
(Danielewicz) |
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Source radii and A Vs. py

Xe+Au E/A=50 MeV (Central) Source size
Experimental data (LASSA @ MSU) o l { ,
M . t>200 fm/c n . +
T . A
$ ) { v; ';_\ Late 1:
-l \ r
Low PT . .\\ 0 (‘) 0.1‘35 0‘1 O.‘15 O.‘Z
qQ (MeVie) al ";'":‘-“’ PT/mo
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,.ﬁ{& & / % of dynamical
L Tttty " . .
T } - early emissions
z . = Early :
E : (75 \ [
- . . \ 0.7
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........ g o r_“m: — o .
O os[
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%‘* +’00¢,9‘.o.,o..,.“ \ 8 o.4;— l ‘ u
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E ‘ a \\ § 0.2
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T. Minniti, GV, B. Barker, P. Danielewicz PT/mO
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Clusterized matter #Uniform matter

(p)-8*+0(8")

E(p,6)=E(p.,6=0)+E,,
Pn — pp .
= —— Isospin asymmetry
Pn T Pp
05F S
® Experimental data
0.4 -
2 .l —=
€ 0.3 - T = g
LUUJ .‘/. .//
=, A s
& o2t v .
/
L7 Do Qs, T=1MeV 4
| /  .—..— QS,T=4MeV
0-17,.’ ——— QS,T=8MeV ]|
f./
0.0 0.05 0.10

density p/p,

I | I | T I I |/ T
70 | Skyrme-Hartree-Fock / / ) T
[ with 21 parameter sets  / // 7]
7
L g i

- Alpha clusters at low densities
modify EoS prescriptions

- EoS of dilute matter modifies
nuclear structure properties?

J. Natowitz et al., Phys. Rev. Lett. 104,202501 (2010)



Comparisons to models: relevance of «
clusters

Xe+Sn E/A=50 MeV - Central. Vs. AMD transport model simulations
A. Ono, Journal of Physics: Conference Series 420 (2013) 012103

cluster and inter-cluster correl

With cluster correlations

Standard NN collisions
102 : : : : 107 ¢ - 102 r v r :
|| Xe+Sn E/A = 50 MeV Xe + Sn E/A = 50 MeV Xe +Sn E/A =50 MeV
10' | D<b<2fm | 10 _' D<b<2fm | w0k D<b<2fm |
[ SLy4 Sly4 SLy4
g g AMD — g AMD —
g g Exp. = Exp.
= 5 5
= = 10 = 10
102 102
3 .T' N T N
10 30 40 50 10 30 40 50

Atomic number

* Data can be described only if cluster formation and
cluster-cluster interactions are included in AMD



Lifetime effects?



Parent decay and resonance
generation by Final State Interactions

Primary parent decay
(thermal)

.:-
FSI  © \@
(dynamical)\@



Parent decay and resonance
generation by Final State Interactions

“Be Primary parent decay
\ ! & %’@ (thermal)
Dynamical FSI approach
/ @\ necessary: thermal model does not

@: work
FSI \@ - look forward to alpha
(dynamlcal)\@ femtoscopy



In-medium heavy-ion collision
experiments

12C+2*Mg E/A=53 and 95 MeV
INDRA data

12C2>3a

12000 '’C—3a

counts

200 E/A =53 MeV

0 5 10 15

600 —

500

Strong contributions from

3a direct decay mode?
...17% in Phys. Lett. B 705, 65 (2011)!

400 —

300

counts

200 -

100 - E/A = 95 MeV

o 5 10 15
Esym= Xi4E icm (MeV)



Dedicated in-medium studies

FAZIACOR @ LNS
G. Verde, D. Gruyer, FAZIA Collaboration

325+ 12C E/A=25,50 MeV
365+ 12C E/A=25,50 MeV ... 2> 2Ne+!2C




In-medium resonance decays in HIC

FAZIA (Four-pi A- and Z-ldentification Array)

HI | § ||

Struttura del telescopio

AE1 AE2

SY |Si

300pm 500 / 700pm

Csl(TI)

30-100 mm

Pd

Fully digital electronics: particle
identification directly from
digitalization of Si and CsI(T1) signals

- almost online available

- Wide dynamicrange (100 keV- GeV)

FAZIACOR experiment (March 2017)
G. Verde, D. Gruyer, FAZIA Coll.

20Ne, 328 + 12C
E/A=25 and 50 MeV

Electronics

Fully digital
FE under vacuum
Detectors

2 nTD Silicons
CslI(TI) scintillator

Identification

Pulse Shape Analysis
DeltaE — E
Full isotopic identification

20Ne,2S@25,(50)MeV/A



