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INDRA (rings 6to 17)

240 telescopes 14°-176°

il 192 telescopes 1.9°-14°
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FAZIA: 192 Si_Si_CslI(Tl) telescopes

Identification DE-E and PSA (Si and Csl) R. Bougault, G. Poggi, S. Barlini, B. Borderie,

o s . G. Casini, A. Chbihi, N. Le Neindre, M. Parlog,
Performances, FAZIA recipies: G. Pasquali, S. Piantelli, Z. Sosin et all.
« Avoid channeling (cutting orientation of ingots and small size) EPJA 50 (2014) 4/

« Silicon doping homogeneity of about 3%
- Constant electric field in Si (continuous ajusted bias voltage in Si)
* Rear side injection in Silicon detectors

» Electronics close to the detectors then digital signals (well measured baselines) N i
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INDRA:
Rings 6-9 (14°-45°): Si/Csi(Tl)
Rings 10-17 (45°-176°): Csi(Tl)

J.D. Frankland, N. Le Neindre, M. Henri, C. Gouyet,
R. Revenko, Q. Fable, D. Gruyer, R. Bougault, A.
Chbihi, T. Genard, J. Lemarié, O. Lopez et al.
NIMA 1082 (2026) 170908

Fig. 1. The complete INDRA electronics for the E818 [12] experiment housed in a single VME crate: from left to right, MVLC trigger/controller, 8 MDPP-QDC modules for CsI(T1)
detectors, 4 MDPP-SCP modules for Si detectors, and the TGV module (without connections).

Improved isotopic
identification for
forward rings
(Si/Csi(Tl)) telescopes.
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Study of cluster production
INDRA data from past experiments

Energy (MeV/A)

r+Ni 32-95 A MeV

E. De Filippo et al.

XXXIIl nuclear meeting on Nuclear Physics,
Bormio (1995)

Ch. O. Bacri et al. PLB353 (1995) 27

D. Doré et al

. PLB491 (2000) 15

36Ar+°8Nj, z=1
no protons

50 60 70
E/A (MeV/nucleon)

J. Gautier et al. PRC90 (2014) 034618



Study of cluster production

124Sn+124Sn 50 A MeV (b = 4 fm). Nucleon density projected on the reaction plane

ISOSPIN MIGRATION / ISOSPIN DRIFT: It is energetically more favorable 1o have protons (neutrons)
migration from (to) the neck region to (from) the more dense spectators, leaving the nuclear matter in
the neck neutron-rich at the fime of breaking.

Caused by a density gradient between the lower density neck and the spectators.

V. Baran, M. Colonnaq, V. Greco and M. Di Toro
Phys. Rep. 410 (2005) 335



Study of cluster production
INDRA data from past experiments

3Ar+58Ni, =1
no protons

""""""""" . [P, T<bexp<7.5 |
~®-QP, 6.5<bexp<7 |
. QP.6<b¢lp<5-sj

|
MR, 6.5<bexp<7|
MR, 6<bexp<6.5|

E. De Filippo et al.

XXXIIl nuclear meeting on Nuclear Physics,

G T . T
Bormio (1995)

E/A (MeV/nucleon)

D. Doré et al. PLB491 (2000) 15 J. Gautier et al. PRC90 (2014) 034618



— X+Y+... (forward c.m.)

- Excellent (A,Z) identification in the forward part of the c.m.

 Minimum detection angle greater than grazing angle

THEREFORE

* Very peripheral events are not detected

« Analysis is limited to the forward part of the c.m. for events with Mferwarde.m.>1 + ¢ complete events »

Ztot forward c.m. >15 Absence of
very peripheral
events
confirmed by
HIPSE-model
predictions
(filtered by
analysis taking
info account
proper
detection
limitations).

Zforward c.m.
tot




Impact parameter estimator

(ﬂ. | E i(Z>1) M; ]'_: £ | )

. - ' =1) A I!: /4 forward com.

Recoil velocity 1oHIPSE event 50 0><103
of detected 9 200
particles. 8 A0
Excluding Z=1 g 00
because of 5 400
idenftification 4 300
problem for 3 200
some INDRA 2

telescopes. 1

%

In the following,
Z=1 production rates are corrected. Seven |mpqc1- pqrqmefer bins
The correction was verified against

data from pr.eV|0l;S|NDRA VZrl, (em/us) 0-1.5 1525 2535 3545 4555 5565 6575
experiments. R




Invariant ¢.m. cross-
section for Li, C and
Mg.
Forward part of the
c.m.

Panorama of reaction mechanisms
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Panorama of reaction mechanisms

Peripheral events:
QP emission
Mid Rapidity Emission

Impact parameter

Central events:
Predominant emission
from Mid Rapidity




Study 0°-30° (QP) vs 60°-90° (MRE/Neck)
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Forward c.m. QP MId-RGpldlfy
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Study 0°-30° (QP) vs 60°-90° (MRE/Neck)

MRE=magenta / N N i
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Study 0°-30° (QP) vs 60°-90° (MRE/Neck)
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N/Z gradient from QP to MRE/Neck for Z=1

MRE zone

Mid Rapidity Emission zone N/Z =
constant

Peripheral events:
MRE more n-rich than QP.
The difference is decreasing with
impact parameter

, 40 ©60 80 100
Central events:

5 ' O, ., (degree)

Forward emitted H slighly more n- o
rich/60°-90°

Figurc symbol W O A A v O ®

Impact parameter —

V%}‘Z}L, (cm/ns)  0-1.5 1.5-2.5 2535 3545 4555 5565 6.575




N/Z gradient from QP to MRE/Neck for Z=2

MRE zone

<A>: inverse relationship between QP
and MRE as a function of impact
parameter

Peripheral events:

MRE more n-poor than QP.

QP: b| then E*1 then 3He production 1
and A |

Central events: ' 40 60 80 100
= same N/Z O, ., (degree)

Figurc symbol W O A A v O ®

Impact parameter —

V%}‘Z}L, (cm/ns)  0-1.5 1.5-2.5 2535 3545 4555 5565 6.575




N/Z gradient from QP to MRE/Neck for Z=6

QP zone MRE zone

Peripheral events:
MRE more n-poor than QP.

Centiral events:
=~ same N/Z

Figurc symbol W ] A

Impqcf parameier —

V%’;“;}” (¢cm/ns)  0-1.5 1.5-2.5 2.5-35 3.5-45 4.5-55 5565 6575



N/Z gradient from QP to MRE/Neck

Z=1 (peripheral events):
MRE zone more n-rich than QP
zone

Z>1 (peripheral events): Fom.
When a Z>1 is produced in the
MRE zone, it contains fewer
neutrons than if it had been
produced in the QP zone

Central events: _ _ | *
ChemiCdl eq Ui|ibl'CIﬁ0n Oum (gggreé?o o 0, ., (degree)
~ achieved

A clarification



conclusion

Different isotopic composition of MRE/Neck relative to QP emission.
The average isospin of MRE/Neck charged particles is Element dependent in peripheral collisions:

Hydrogen isotopes alone account for the MRE neuiron enrichment for peripheral events
MRE He, Li, Be, B, C when produced in peripheral events are neutron poor

neutrons are not measured therefore it is difficult to calculate the average isospin of mid-
velocity emissions and compare it with that of the bulk

See

L. G. Sobotka.! R. J. Charity.! D. K. Agnihotri.> W. Gawrli_k{:m.'‘1-_.1:z.1 T. X. Lin.® W. Lynch.® U. Schroder.” I. Toke. WElltl'OIl—pl'Utl’l]] asymmetry of the midvelocity material
and H. S. Xu® - . . o 3 Yo
in an intermediate-energy heavy-ion collision

PHYSICAL REVIEW C, VOLUME 62, 031603(R)

Neck Emissions and the Isospin Degree of Freedom _ _
G. Poggi® Nuclear Physics A685 (2001) 296¢-311¢

This should provide us with information on the characteristics of cluster formation
Measured N/Z gradients comparison with prediction of transport models.



