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Heavy lon collisions at Fermi energy regime
[10 MeV/A < E/A < 100 MeV /A]
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* Ternary events detected with CHIMERA:
PLF + TLF + IMF

CHARGE Z
Dyn/(Dyn+Stat)

a 12xe 4B
o 125048

A Il2Sn+SBNi

PN I T I N U T I
4 6 § 10 12 14 16 18 20 22

V4

V,

(cm/ns)

LONG

E. DeFilippo et al., Phys. Rev. C 71, 044602 (2005). P. Russotto et al., Eur. Phys. J. A. 56, 12 (2020).

Dynamical emission of IMFs:
= Light IMFs (Z < 8) are emitted in fast neck emission process within 100 — 120 fm/c
after reseparation between PLF and TLF;
= Heavier IMFs (Z = 9) are emitted in a fast-dynamical splitting (fission-like) of the PLF
in atime (S 500 fm/c) shorter than the one typical of statistical emission;

Enhancement of dynamical emission probability in neutron rich system:

influence of isospin content (N/Z) on dynamical effects!

10/11/2023 C. ZAGAMI — WPCF-RESONANCE WORKSHOP 2023 - CATANIA




CHIFAR experiment
@ LNS-INFN

“neutron rich” “neutron poor” “isobaric”
system: system: system:
124sn+64Ni 1125n+58Ni 124Xe+64zn
@ 20 AMeV @ 20 AMeV @ 20 AMeV

Experimental goals at lower energy to the respect of the Fermi energy regime:
» Study of emission mechanism: dynamical/statistical;
» |IMFs production;

» lsospin role in HI collisions;




» CHIFAR experiment @ LNS-INFN:
experimental setup

* Femtoscope ARray for COrrelation
and Spectroscopy;

* Charged Heavy lon Mass
and Energy Resolving Array;

. * High energy and angular resolution;
* 4t multi-detector; g 4% g

* Modular array of 20 telescopes:
each one has 6 detectors: 2 DSSSDs +
4Csl(TI).

* Angolar range: 13°-30° (lab. system)

* 1192 telescope (35 rings):
each one has Si-detector
and Csl(Tl) scintillator.

4 Csl(T1) crystals 6 cm(3rd stage)
DSSSD 1500 um (2nd stage) Assembly

DSSSD 300 pm (1s cluster
132 channels by each cluster ‘

PaganoE.V. et al., EPJ Web of Conferences (2016) 117:10008

Pagano A. et al., Eur. Phys. J. A56, 102 (2020)
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» FARCOS correlator in CHIFAR experiment:
energy calibration of DSSSDs
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Punching through technique:
In the AE-E identification matrix (Si-Si), the tails at the end of each hyperbolic curve are generated by the
particles that are in transmission also in the second Si stage and lose completely their energy in the Csl(TI)
stage. Choosing the very initial point (where we can assume particles arrested in 1800 um of Si) of the tails of
’Li—’Be — °Be and using LISE++ software, the initial energy E; was reconstructed, by setting E; = 0 MeV at the
\end of 1800 um; the energy lost in each of the two Si-detectors was obtained by the difference.
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Eletteen: chansels

Particle Energy lost in Energy lost in Total kinetic energy
released
Si-300 pm Si-1500 pm
Li 13,52 MeV 125,43 MeV 138,95 MeV
’Be 18,45 MeV 172,75 MeV 191,20 MeV
9Be 20,74 MeV 192,76 MeV 213,50 MeV
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» FARCOS correlator in CHIFAR experiment:
energy resolution of DSSSDs (front side)

For each DSSSD (300 pum) was taken into accountall 32 strips front,
except the first one (n° 0) and the last one (n°31), and not working ” - -
strips, in coincidence with four sets of 8 backstrips. Evaluation through elastic scattering: T5 DE15 [ s wr—
T1:300um all working 1. O+Au @ 85 MeV (Tandem beam) T ¢ i
T5: 300um all working 2. C+Au@ 75 MeV (Tandem beam) 5" ool B
T7:300um 3 strips not work (n°18, n°19, n°20) 3. C+Au @ 65 MeV (Tandem beam) g o l
T8:300um all working 120, |
T9:300um all working 100
T10:300um 2 strips not work (n°9, n°26) 80 |3
%0 [
a0 i
with: [
_ 20 |
FWHMZ =a-E+b * E = mean value for each telescope E, o — Y I I
« a = differential increasing of FMWH as function of E e 60 8 0 I 80 & Eneray [MeV]
« b =square of electronic error for each telescope
Elastic scattering: O + Au @ 85 MeV
Telescope Energy mean FWHM Resolution | Electronic | Electronic | Detector | Detector
(total error) | (FWHM) error error error error
[MeV] [MeV] [%] [keV] [%] [keV] [%]
T1 81,8+0,99 | 0,99+0,02 1,2 459 + 187 47 528 +202 53
™ 1! T T5 83,8+0,95 | 0,95+0,02 1,1 752 + 149 79 196 £+ 171 21
< - B $E
%” % § oo T7 78,8+1,36 | 1,36+0,02 1,7 1088 + 154 80 271+176 20
/-’""}‘ - : T8 78,4+1,31 | 1,31+0,03 1,7 1042 + 220 80 266 + 253 20
2 - T L] 78,9+1,40 | 1,40%0,03 1,8 1090+195| 78 | 306+ 224 22
L L, — s T T10 76,1+1,07 | 1,07+0,02 1,4 779 + 140 73 286 + 156 27
mmmmmmm h-: » ﬁxm«memm:w lmmxnielnmh-:'h;

10/11/2023

C. ZAGAMI — WPCF-RESONANCE WORKSHOP 2023 - CATANIA




» FARCOS correlator in CHIFAR experiment:
energy resolution of DSSSDs (back side)

. AEfront_AEback
For each DSSSD (300 pum), the ratio was

Efront
evaluated, for each front strip in coincidence with all 32 back strips

5_Sib_1_sip
S — T — e =111 15382
2500— S Do * e
iy = Caonstant 23e2
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> 2000 —
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r 1
roo
o FEODSY DIDTUOI ST B YO, | 1 | 1 M = IO NI | PRSI T [ 1 L | I
0.4 0.2 0 0.2 0.4 0.6 O.E
AEfrnnt - back
AEfront
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» FARCOS correlator in CHIFAR experiment:
particle identification

Experimental constraints to select only “true particles”:
=1 for Si-300 um, front and back;
=1 for Si-1500 um, front;
< 4 for Si-1500 um, back;
=0 for Csl(TI)
> 85% AE, < DB o< 115% AE, ., (70)

> Nstrip (300 Hm) = Nstrip (1500 llm) I | Nstrip (300 um) = Nstrip (1500 Hm) *1

> particle multiplicity

600 T5_DE_E_all Enm'Tess_DE_E??J_!la?n
= C Enties 171370 Meanx 8905
) C Mean x 97.64 Mean y 087
= = Mean y 62.63 RMSx  7ad4!
W S0 RMS x 82,01 gy ozl
E RMSy  90.18 |
C 7 800
500
400
6 300
200
100
300 350 400 430 I I.‘)OEI g
o —— E [MeV]
0 -.. - . Ll lJ.]_l.l Ll ]J Ll .l ll_J_l_.l - ..l..l.._l L L L L 0
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E [MeV]
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» FARCOS correlator in CHIFAR experiment:
the pixelation technique

the assignment for each detected particle of its pixel, determined from the crossing

of a strip of the front side to another of the back side, its angle in the laboratory
frame, the polar angle 8 and the azimuthal angle ¢

Experimental constraints to select only “true particles”:
=1 for Si-300 um, front and back;

=1 for Si-1500 um, front;
< 4 for Si-1500 pum, back;
e =0 for CsI(TI)

I T 2501 3> 85% AE,,q < AEqon < 115% AE,, (70)
> Nitrip (300 pm) = Nitrip (1500 pm) || Nitrip (300 pm) = Nitrip (1500 um) £1

> particle multiplicity

150
FARCOS telescopes covered polar

angles between 16° and 29°

There is no ambiguity in the

assignment of the position!
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» FARCOS correlator in CHIFAR experiment:
the pixelation technique

the assignment for each detected particle of its pixel, determined from the crossing of a strip of the front side to

another of the back side, its angle in the laboratory frame, the polar angle 8 and the azimuthal angle ¢

Experimental constraints tg

> particle multiplicity

elect only “true particles”:
i-300 um, front and back;
or Si-1500 um, front;
<4 for Si-1500 pum, back;

= 0 for CslI(Tl)

There are some ambiguities regarding the
assignment of the position of the detected particle...

P 85% AE,, < AE_f,om < 115% Ay, (70) ] WORK IN PRO
> Nstrip (300 um) - Nstrip (1500 p-m) | | Nstrip (300 um) - Nstrip (1500 um) *1 GRESS
AE_front [MeV]| AE_back [MeV] | E_front [MeV] Nstrip_300_front Nstrip_300_back Nstrip_1500_front
79,8859 29 [0]
148,723 29 [1] 13 (1] 30 [1]
51,6344 51,8097 . . . .rs . - . .
# S Solved ambiguity in position: it is an Interstrip eventin
’ DSSSD_1500um, (ambiguity only in energy)
12,9576 12,9558 22,1211 4[0] 0 [0] 4 (0]
3 118,896 120,412 180,113 13 [1] 25 [1] 13 [1]
Unsolved ambiguity: are they 2 different particles?? Could we assign the position using the TIME VARIABLE??
12,0703 12,3186 29 [0] 29 [1] 30 [1]
43 114,905 116,925 e 30 [1] 18 [0]
TS ’ Unsolved ambiguity:it is an Interstrip event in DSSSD_300um; Could
: we assign the position using the TIME VARIABLE?? -> next step...
see G. Cardella’s talk
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Current results and perspectives

From (only) FARCOS data analysis

» DSSSDs’ electronic error contribute: ~(0.5 — 1) MeV + 0.2 MeV/;

» DSSSDs’ total error: < 1.5 MeV/;

» DSSSDs’ energy resolution of the front side (FWHM): 1.2% — 2.2%; (=0.5% in o)

» DSSSDs’ energy resolution of the back side (FWHM): 4%; (=1.6% in o)

» Particle identification: in charge up to Z = 16, isotopic identification of IMFs up to Z =~ 9 and
A = 20;

» Pixelation technique (assighment for each detected particle of its pixel)
1. FARCOS telescopes covered polar angles between 16° and 29°;
2. Some unsolved ambiguities in the assighnment of the position: i.e. distinction among the

case of 2 different particles and other cases like interstrip or induction; The time variable

is important to eliminate the spurious event ...let’s see Dr. Cardella’s talk!
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