Results on the RED of the
FAZIA detectors for
Nuclear (Thermo)dynamics




FAZIA: Scientific case
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GANIL, LNS, LNL § EURISOL

exotic beams for science
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Prompt collective oscillations with exotic beams
a Letter of intent for the SPES-ALPI facility

G.Casini®, R. Albaf, G. Baiocco®, L. Bardelli®, S. Barlini®, M.Bini?,
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M. Kmiecik?, V.L. Kravchuke, A. Maj? , C. Maiolino’, T. Marchi®, K. Mazurek?,
L. Morelli®, A. Nannini®, A. Olmi®, G Pasquali®, G. Poggi®, D. Santonocito!,
0. Wieland® and
M. Colonna/, M. Di Toro!, C. Rizzo’

@ Istituto Nazionale di Fisica Nucleare, Sezione di Firenze and Dipartimento di Fisica

dell'Universita, Firenze, Ita

b Istituto Naziomale di Fisica Nucleare, Sezione di Bologna and Dipartimer

dell’Universita, Bologna, Italy

¢ Istituto Nazionale di Fisica Nucleare, Laboratori Nazionalj

4 H. Niewodniczaniski Institute of Nuclear Physic

¢ Istituto Nazionale di Fisica Nug

dell'Universita, Milano, [t:

I TIstituto Nazi

Liteady prpaented bv other 1ta11a.r1 groups V\"]lll"h we 1efer to ThlS
tevance of the subject and asks for the development of several SPES beams,
allow a more detailed study of this physics thanks to the different detectors and
techniques employied.

Neutron and proton transfer in dissipative co

G. Casini®, G. Verdef, + FAZIA Collaboration

Abstract

The idea of this programme is to extend to the SPES beams the investigation on reaction
mechanisms at low-moderate bombarding energies till now done with s e lons, in particular
focusing on the interplay of the dynamics and the sequential decay of the excited fragments
produced in dissipati 1
At this energy regime, reactions proceed via nucleon exchanges which are mainly ruled by the
mean-field wh tails are rather unknown expecially in system characterized by exotic isospin
contents. Ve ¢ data are scarce so far, due to both the intrinsic di of disentangling

s and the limitations of the detectors till 1 1sed; we think
E ‘ xperiments with exotic (and stable) beams done with
highly performing detectors and analysis techinques.




A and Z Identification

HEAVY-IONS COLLISIONS=>IDENTIFY THE REACTION PRODUCTS

Er_1ergy_ & m_easured CHARGED METHOD
Z 1dentification PARTICLE DE/E
A identification (for low Z)

For particles stopped in the
first DE no identification Energy loss = (A,Z)

Energy is measured

Ve_Iocity_is measured CHARGED METHOD
A identification PARTICLE ToF
For particles stopped in the

first DE no Z identification Start Stop

Time, long fligh path



A and Z Identification

HEAVY-IONS COLLISIONS=>IDENTIFY THE REACTION PRODUCTS

1) RANGE=f(E,A,Z)

2) Plasma erosion
process = f(E,A,Z)

Time = 3.1 ns

USE THE DIGITIZED I-Q SIGNALS
FOR (A,Z) IDENTIFICATION:
“Pulse Shape Discrimination”

A simulated plasma column for

12C @ 50 MeV

(L.Bardelli, FAZIA)

Averaged current signals from different nuclei at the same energy
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FAZIA collaboration

An R&D project supported by Spiral2PP and LEA.

It is aimed at designing a new-generation detector for
charged patrticles, suited for Isospin Physics to be done with
n-poor and n-rich ions at Radioactive Beam Facilities like
Spiral2, SPES, Fribs (and EURISOL)

EURISOL

FAZIA Working Groups
1. Modeling current signals and
Pulse Shape Analysis
Physics cases
Front End Electronics
Acquisition
CsI(Tl) crystals
Single Chip Telescope
Design, Detector, Integration
and Calibration
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FAZIA R4&D

1) Experiments with single silicon-detector
(Tandem-Orsay, LISE-GANIL)
2) Experiments with single silicon-detector
& strip-detector
(CIME/GANIL) & LNL (channeling & uniformity)
3) Prototypes (phasel)
(LNL, LNS, Ganil)

%mzm
Les deux infinis

TASK 5.3 SPIRAL2PP

+ nTD strip-detector

2006

GANIL-experiment
2007

LNL-experiment

2008
GANIL-experiment

2009
LNS-test

LNS-experiment

2010
GANIL-experiment

2011

LNS-experiment



FAZIA detector

Sif |Si
Csl(TI)



FAZIA detector

Analog
Input

CsI(TI)

Digital
Processing

D;gitized

Energy
> Timing
Pulse Shape




FAZIA detector
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FAZIA detector

Si
CslI(T)




FAZIA detector

I I CslI(T)




FAZIA Phasel-R&D
RECIPE FOR HIGH QUALITY CHIPS

1 — DOPING UNIFORMITY

Ingot selection from the producer, controlled doping (at
about P=3000 ohm.cm) and use of nTD technology for best
uniformity

2 — AVOID (as far as possible) CHANNELING

Ingot orientation and choice of the cut along special
'random’ directions (7deg to <100>); slices of 300 and 500
microns



FAZIA Phasel-R&D
DOPING UNIFORMITY




FAZIA Phasel-R&D

Beyond AE-E: Z and A ldentification with Pulse Shape
Doping uniformity: nTD-silicon detector

Meautron . :

F—

—rp-
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MNeutron -
Irradiation Doped Silicon

decay (2.62 hrs)=- 31P

Fz-Silicon

Regular Silicon: +/- 15% uniformity — nTD silicon: bel ow +/- 5%




FAZIA Phasel-R&D

non-homogeneity in the electric field inside the de tector (doping)
may have a severe impact over the Pulse Shape Discr  imination
capabillities:

Detector no.73311 Detector no.73313

Thickness: 315.0 um, Vdepl: 109.40 V Thickness: 516.0 um, Vdepl: 227.40 V

FAZIA data (INFN-Firenze)




FAZIA Phasel-R&D

DIGITAL PULSE SHAPE on 500 ym and 300 pm Silicons with similar field and different

doping non-uniformities: 300 pm: ~ 4 GeV full scale 500 ym: ~ 4 GeV full scale

Energy vs risetime (det.G-dE) - random configuration

0
(=}
(=}

40V on 300 um

Energy (MeV)

non-uniformity

AN NN T U Y TR S T T TS SO T O |

100 120 140 160 18
Risetime (ns)

It is possible (work with manufacturer)

Energy vs risetime (SCT.1) - random configuration

TORSIL,

PURE SILICON




FAZIA Phasel-R&D

Energy loss in an crystal (aligned configuration):

“perfect” channeling
long range, low avera

channeling + de-channeling -
even shorter range, higher average dE/dx 4 4
®®
many possible trajectories leadingto | e e

different ranges and/or average dE/dx : :

resolution loss! e




FAZIA Phasel-R&D

“Channeled” “Random”

50 100 150 200 250 300 350 400
50 100 150 200 250 300 350 400

ns nsS

FAZIA data (LNL)



R4&D

FAZIA Phasel-
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FAZIA Phasel-R&D

ONS IDENTIFIED WITH ONE DETECTOR

et.G-E) - random configuration
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R4&D

FAZIA Phasel-
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FAZIA Phasel-R&D
RECIPE FOR HIGH QUALITY CHIPS

1 — DOPING UNIFORMITY

Ingot selection from the producer, contrg




FAZIA Phasel-R&D

teleD_si1_gmaxsha:teleD_si2_gmaxsha {teleD_si1_gmaxsha>0 && teleD_si2_gmaxsha>0}

AE
129Xe+Ni 35 A.MeV

100MS/s 14bit
digitizer

0 2000 4000 60C-_~)00-100001200014000
FAZIA data (LNS) E. teléD_si2_gmaxsha



FAZIA Phasel-R&D

Usual
DEF
technique

100MS/s 14bit
digitizer

100MS/s 14bit
digitizer

FAZIA data (LNS)



FAZIA Phasel-R&D

100MS/s 14bit
digitizer

FAZIA data (LNS)




FAZIA PhaseI-R&D
Usual
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FAZIA data (LNS)

Used configuration:
Isotopic identification up to Z~25 with ~5GeV full range



FAZIA Phasel-R&D

three higher intensity Ca isotopes

Experimental Pl Z=20 Xe+Ni@35AMeV

194 196 198 20 202 204 206 208 21

FAZIA data (LNS)




FAZIA Phasel-R&D
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FAZIA data (LNS)



FAZIA Phasel-R&D

FEIID00 B8 talell 8T qtivs<d0SA 8 tieD_siT_genensU)

35 A.MeV

PSS A
only one
Silicon is
used

100MS/s 14bit
digitizer

Digital PSA results:
one digitizer,

6 GeV full scale

FAZIA data (LNS)



FAZIA Phasel-R&D
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100MS/s 14bit
digitizer

Digital PSA results:
one digitizer,

6 GeV full scale

Punch-through particles Er-Q signal Rise Time

Particles identified by Silicon detector Si2 e _
Effective threshold: about 30 pm Silicon FAZIA data (LNS)




FAZIA Phasel-R&D

e s s s EAZ|A data (LNS)
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FAZIA Phasel-R&D

I s_ignals centered and reduced = f(range)

Ha<t B0 K8 halell e, bive<OOLA taiall_sF_gemensy)

35 A.MeV

® 450<Range<500 urT

~He to Xe

® 350<Range<400 pm

® 300<Range<350 um
® 200<Range<250 pm
®100<Range<150 pum

® 50<Range<100 pm

® )<Range<50 um

| L1 1 1 ‘ L 11 1 ‘ L1 1 1 ‘ L1 1 1 | T S S A N S | \L I

-2 -1 0 1 2 3 4 5
N.Le Neindre & R.Bougault (LPCCaen)

Ex-Q signal Rise Time

FAZIA data (LNS)




FAZIA Phasel-R&D

Particule

INVERSE (REAR/LOW FIELD IMPLANTATION) DIRECT (FRONT/HIGH FIELD IMPLANTATION)

—

Imax/Energy (a.u.
e
Y
Imax/Energy (a.u.)
e @ o 9

@
-

e

4726§ l“h“h,h
e g N
Venaig | T o
Mg, **835, o0 850 800
Y] 530950 900
About 110pm Time (ns) DATA FAZIA/LNS

FAZIA data (LNS) R.Bougault (LPC Caen), FR-telescope LNS-July 2009




FAZIA Phasel-R&D

AN

00 1200 1400 1600 1800 2000 2200 2400
E Csl (a.u.)

FAZIA data (Ganil) A. Chbihi et al. (Ganil)




FAZIA Phasel-R&D
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FAZIA Phasel-R&D

FAZIA PHASE-I prototype \\ L
R&D Experiment A B -
(LNS-Nov. 2009)

129Xe+Ni 35 A.MeV

< ISOTOPIC
J SEPARATION

200 250 UP TO 6000 8000 @
teleD_si2_qtrise _— . :

hreshol

Thu Nov 5 14:12:02 2009

Z identification up to Z=54
with ONE detector by Pulse Shape Analysis




FAZIA Phasel-R&D

N. Le Neindre LPC Caen

129% @ + 58N @ 35 A MeV “129% e + %Ni @ 35 A MeV

ﬁ oo

| | | | | | | | | ‘ | | | | | | | | | | | | | ‘ | |
6 8 10 18 20

PID = Zreal+0.2(Areal-2* Zr eal) PID = Zreal+0.2(Areal-2* Zr eal)

FAZIA data (LNS)



FAZIA Phasel-R&D

ADC(s) used:
PS Id. CHARGE (14bit 100MS/s)
CURRENT (12bit 125MS/s

Low energy

limit '
QUESTION OF 2 GAINS:
« 6 GeV full scale = Z Id.

e 1.3 GeV full scale = Z and A Id.

FPGA Energy (MeV)
®
=]

80

60
40F % .. . 2= Evs(Eandl,,) linear combination

20 & improved Z and A discrimination
0

[ bardelli@fi.infr.it fpgaE-o | max

FAZIA data (LNL) 32S+%7Al @ 14.8 A MeV

1000 1500 2000




FAZIA Phasel-R&D

PS A Id.
Low energy
Limit ?
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- Low energy
limit

_ _ E/Imax (a.u.)
FAZIA data (Ganil) 8Kr+%8Ni @ 35 A MeV




FAZIA demonstrator

FAZIA PHASE2 “demonstrator & physics” :

* Built (2011-2013) a demonstrator of 192 telescopes Si/Si/CsI with
“all” the finals (4Tt detector) electronics, mechanical solutions.

* With this demonstrator coupled to existing multi-detectors
(INDRA, GARFIELD, CHIMERA,...), realize experiments (GANIL,
SPIRAL2, LNL, LNS).

“W4 l L”

12 BLOCKS
48 MODULES
192 TELESCOPES Si/Si/Csl

- Telescope
Si(300) - charge 250 MeV f.s. 250 Ms/s 14 bit
- charge 4 GeV f.s 100 Ms/s 14 bit
- current 250 Ms/s 14 bit
Si(500p) - charge 4 GeV f.s 100 Ms/s 14 bit
- current 250 Ms/s 14 bit

Csl(phdiode)- charge 4 GeV f.s 100 Ms/s 14 bhit



FAZIA Phase2 2011-2013

Bloc : R600 a R1200 & Wall : R1200

Y. MERRER Pr_Fazia_2010_01_23 Page 3

DEMONSTRATOR & PHYSICS (COUPLING WITH INDRA)




