FAZIA detector for Nuclear
(Thermo)Dynamics Physics
using RIBs factories

from Phasel

“Terra Incognita™ accessible wil
SPIRAL2 . _&

Nombre de protons Z >

Nombre de neutrons N J

Neutrons for science
Flaloas aned Clusiars Atomic & solid state physics
Radio biology & Isofope
production

to Phase’l

Selective Production
of Exotic Species at LNL

Thermal neutrons up to 10° n cm?Zsec’!

Fast neutrons up to 10"* n sec’!



FAZIA: Scientific case

Nuclear Equation Of State N/Z dependence
E(p, T, (N-2)/A)

 Nuclear Matter first Phase Transition (“Liquid-Gas”)
 Nuclear level densities and Limiting temperature
« Symmetry Energy (density and temperature dependence)
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~SE ! [ a/ AP L O I 18 Letter of Intent for SPIRAL 2

Title: Dynamics & Thermodynamics of exotic nuclear ¢

Spokesperson(s) (max. 3 names, laboratory, e-mail - please und V]
one corresponding spokesperson):

F. Gulminelli (LPC-ENSICaen, Caen, France, e-mail: guls ~n2p3.1r)
G. Poggi (INFN & University, Florence, Italy, e-majls wh.nfn it)

G. Verde (INFN, Catania, Italy, e-mail: giuseppe

GANIL contact person
J. Frankland (GANIL. Caen, France)

Collaboration (names and labos

FRANCE: POLAND:

IPNO (Orsay): E. Bonnet. B. Bordenie, E. Galichet. N_* Krakow (Jagiellomian University): A. Becla, T. Kozik, Z. Sosin, A. Wieloch

GANIL (Caen): A. Chbihi, J. Frankland. J. Moisas Katowice (Silesian University): A. Grzeszezuk, S. Kowalska, W. Zipper
LPC-ENSICaen (Caen): 5. Barlim. R. Bouga: - Warsaw (Warsaw Unmiversity): A. Kordyasz, E. Piasecka

0. Lopez. B. Tamain, E. Vient ROMANIA-

IPNL (Ly¢ M. Preda,
INDIA:

VECC (C

Banerjee,

ITALY: . Salmeron
Bologna (.

Marim, G

Catama (;

Catama (L

Firenze (I

Olmui, G. Pasg 221, 5 Piantelh, A Stefamm

LNL (INFN): Iv ausero, M. Degerlier, F. Gramegna, V. Kravchuk

Napoli (INFIN & "University): M. La Commara, A. Ordine, E. Rosato, G Spadaccini, M. 72 p ersons — 19 I 1] Stltu tl ons — 8 coun trl es

Vigilante




FAZIA LOI SPES

SPES-2015 FA/IA config. 1180 detectors

Beam current: 132Sn 3.3*107 pps
target thickness: 0.5 mg/cm2

Reaction Xsection 3.2 bam: DIC Xsection 27
DIC total rate: 330 Hz

2-body channel:

MC estimated eff. for QP & M>="

Request: 107 dissisipative & < most central impact
parameters (h!hgr-:(l.;i}

Rate for wanted evep’ about 4.6days

(this gives 35 mil* .ed elastic-Sn on the 3deg forward
Telescope, 917 .Le)

3-body & aie split of the QP)

MC es’ wor (FF1& FF2 & M>=1 LCP): 10%

3b: assumed to be 20% of DIC

Rey .ne previous 107 binary events

Rate . 3-body events 7Hz --> 2.7 million 3body events in 4.6days




A and Z Identification

HEAVY-IONS COLLISIONS=>IDENTIFY THE REACTION PRODUCTS

METHOD
DE/E

Er_1ergy_ S m_easured CHARGED
Z identification PARTICLE
A identification (for low Z)

For particles stopped in the
first DE no identification Energy loss ={(A,2)

Energy is measured

Ve_Iocity_is measured SARETT 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(A Z) [USE THEE

_LECTRONIC SIGNAL

FOR (A,Z) IDENTIFICATION:
2) Plasma erosion “Pulse Shape Discrimination”
process = f(A :Z) ereged cumont Sons Tom Torent nucle et e same sy

precision)
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A simulated plasma column for ?C @ 50 MeV
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FAZIA collaboration

An R&D project supported by Spiral2PP and LEA-colliga.

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

FAZIA Working Groups

. Modeling current signals and
Pulse Shape Analysis

. Physics cases

. Front End Electronics

. Acquisition

. CsI(TI) crystals
. Single Chip Telescope

. Design, Detector, Integration and
Calibration

192 telescopes



FAZIA R4&D

1) Experiments with single silicon-detector (Tandem-Orsay, LISE-

GANIL) Jan. 2006

2) Experiments with single silicon-detector & strip-detector
(CIME/GANIL) & LNL (channeling & uniformity)

Jan. 2007
3) Prototypes (phasel)

Jan. 2008

Jan. 2009

TASK 5.3 SPIRAL2PP \] a-n . 20 10

+ NnTD strip-detector

Jan. 2011



FAZIA detector

Sif |[Si
CsI(Tl)



Ve

FAZIA detector

Digital
Processing

Analog
Input

Energy
> Timing

Pulse Shape




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 (+/- 0.5 %)

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-R4&D

non-homogeneity in the electric field inside the detector (doping)
may have a severe impact over the Pulse Shape Discrimination
capabilities:

A typical detector: ~9% non- A very good detector: ~1% non-

uniformity uniformity

Detector no.73311 Detector no.73313

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

cm) for run_det73313

IMPROVEMENT IN DOPING UNIFORMITY

FAZIA data (INFN-Firenze)




FAZIA Phasel-R4&D

CHANNELING

“perfect” channeling
long range, low average dE/dx

shorter range, higher average dE/dx

channeling + de-channeling
even shorter range, higher average dE/dx

many possible trajectories leading to
different ranges and/or average dE/dx

resolution loss!

Energy loss in an crystal (alighed configuration):




FAZIA Phasel-R4&D

“Channeled”

Channeled”

1000 events

Nl
o T e L L L T
1

0 50 100 150 200 250 300 350 400

NS

] 50 100 150 200 250 300 350 400

ns

IMPROVEMENT IN SIGNAL DISPERSION

FAZIA data (LNL)




FAZIA Phasel-R&D
RECIPE FOR HIGH QUALITY CHIPS

1 - UNIFORMITE DU DOPAGE

Ingot selection from the producer, contrg




: d PNasSe <yl

Z/.fW[ teleD_si1_gmaxsha:teleD_si2_gmaxsha {teleD_si1_gmaxsha>0 && teleD_si2_gmaxsha=0}

DEF : l
technique _ 129% e+Ni 35 A.MeV 1

....... I S 1
AE || Eg
100MS/s 14bit 1
digitizer
100MS/s 14bit 1
digitizer
1

FAZIA data (LNS) Er teléD_si2_gmaxsha



Usual
DEF

technique AE (x) e ——

100MS/s 14bit
digitizer

100MS/s 14bit Fﬂ_:.,.*-“ - &b
digitizer g

FAZIA data (LNS)



FAZIA Phasel-R4&D
Usual

DE/F ZOOM (again)

technique 1= [N
z lOI s

100MS/s 14bit
digitizer
100MS/s 14bit
digitizer

FAZIA data (LNS)



FAZIA Phasel-R4&D
Usual

DEE ZOOM (again and again)
Z, 2C, 6 7 l/q 240 !.:__:‘ _-.::_: N T;,f—_-—:‘.;__}. . L ':~-'.r..,__'__+ 5_:.: g *

-t
= e
o a -

JEE
/

- e

100MS/s 14bit L e s B
digitizer 5 L R e AN SIS L
100MS/s 14bit S AR
dgtzer 1 B = :

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



FAZIA Phasel-R4&D

Usual Particle Identification (PID): experimental results obtained by
pf/z* linearizing the three highiest intensity Ca isotopes — whole

p examined Er range (N.Le Neindre, KaliVeda/INDRA program).
lechns que Unit-mass separation up to A>40 IS observed.

Experimental Pl Z=20 Xe+Ni@35AMeV

n
—
c
=
o
Q

100MS/s 14bit
digitizer
100MS/s 14bit
digitizer

.........................................................................................................................

206 208 21

Used configuration: FAZIA data (LNS)

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



FAZIA Phasel-R4&D
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FAZIA Phasel-R4&D

PS A
only one
Silicon is
used

100MS/s 14bit
digitizer

Digital PSA results:
one digitizer,

6 GeV full scale

FAZIA data (LNS)




FAZIA Phasel-R4&D

® 129Xe+Ni 35 A.MeV .

7s4:  |g=.

onty one (g
Silicon is | paa

a
used oo
6000

100MS/s 14bit

digitizer 4000
Digital PSA results: 2040
one digitizer, (a.u)

6 GeV full scale 0,/

Punch-through particles. Er-Q signal Rise Time

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




FAZIA Phasel-R4&D
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FAZIA Phasel-R4&D

SIGNAUX “I” CENTRES REDUITS=f(parcours)

mha<titod A8 tileD s qtrive<I008A telel s qeneo>U}

| 35 A.MeV l

® 450<Range<500 pum

Boron to Xenon

® 350<Range<400 pm

* 200<Range<250 pm

* 100<Range<150 um

® 0<Range<50 um

-2 -1 0 1 2 3 4 5
(t'<t>)/0 N.Le Neindre & R.Bougault (LPCCaen)
= A ] LUUU

one digitizer, (a.u)
6 GeV full scale _ _ _
Ex-Q sighal Rise Time
HIC SUNT LEONES:

below 3-4 A.MeV FAZIA data (LNS)




FAZIA Phasel-R4&D

INVERSE (rear)  DIRECT (front)

F min

Particule Particule

Pulse Shape of stopped particules is different: charge-carrier mobilities of
electrons and holes, different plasma-erosion times

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

e
2

o
B

Imax/Energy (a.u.)

=] =]
N w
Imax/Energy (a.u.)

e
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496
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About 110pm

FAZIA data (LNS) N.Le Neindre & R.Bougault (LPCCaen), FR-telescope LNS-July 2009




FAZIA Phasel-R4&D
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FAZIA Phasel-R&D

129X e+Ni 35 A.MeV

’

only one
Silicon is
used

100MS/s 14bit

digitizer

Digital PSA results:
Qe Tigiizer,

0.7 GeVYull scale
NG 7/

== QUESTION OF 2 GAINS:
» 6GeV full scale = Z Id.
« 0.7 GeV full scale = Z and A Id. FAZIA data (GANIL2010)

5

Ex/Imax




FAZIA Phasel-R4&D

CHARGE (14bits, 100MS/s)

CURRENT (12bits, 125MS/s)

1.3 GeV full range

IONS IDENTIFIED BY ONE DETECTOR

80
60
40
20

Tl

PS Id.
Low energy
limit

S+Al 15 A. MeV

QUESTION OF 2 GAINS:
» 6GeV full scale = Z Id.
1.3 GeV full scale = Z and A Id.

E vs (E and {,_ ) linear combination

Improved Z and A discrimination

Uil

[ bardelli@fi.infr.it |

J1G.BDI 1 | L15.uﬂ] 1 | ]20..00[

fpgakE-c« | max
FAZIA data (LNL)




FAZIA demonsitrator

FAZIA PHASE2 “demonstrator & physics” :

* Built (2011-2013) a demonstrator of 192 telescopes Si/Si/CsI with
“all” the finals (47 detector) electronics, mechanical solutions.

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

((W)

£ x

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 hit
- current 250 Ms/s 14 bhit

Si(5004) - 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 hit




FAZIA Phasel

FAZIA — INDRA

CALN

Lakeratoirs de Plosigque
Corpusculadm

=l it

Bloc : R600 a R1200 & Wall : R1200

Y. MERRER Pr_Fazia_2010_01_23 Page 3

DEMONSTRATOR & PHYSICS (COUPLING WITH INDRA)




FAZIA Phasel2




FAZIA Phasel

Selective Production
of Exotic Species at LNL

b e 5 X 4
@ = ; r | e
= Superconductive Linac 4
Y up to 11 AMeV for A=130
S (
Neutron Facility

. for As S
aterials Phys
ermal neutrons up to 10° n cm2 sec!
Fast neutrons up to 10" n sec’!

SPES-2015 ?

o0

Unknown regions of the Nuclear Chart

“Terra Incognita” accessibi_e_ .
SPIRAL2 __ & n o= .
’ 5 % ' I _ Logalooalaealy } AC L
. T 5\ 80 60 40 20 0 20 40 60 80 F H*_:&?J ] IT bis,
| R , , by 2013
Lab polar projection (192 telescopes)

\ tentie de it Meutrons for science
Atomic & solid stafe physics

rlaloes and Clusters adio biology & lsotope . .
(G.Casini et al. SPES-WS)




FAZIA Phase2 2011-2013

TECHNICAL CHOICE .
Digitize as close as possible /preamplier

* Noise reduction
* Avoid signal distortion (PSA)
* Simplify signal transmission (high number of channels)

- Telescope
Si(300p)  -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(500n) - 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 bit

2 gains for the first Silicium detector



FAZIA Phase2 2011-2013

TECHNICAL CHOICE .
Digitize as close as possible /preamplier

B 1-DEas 11 1 Series mI: My Team : fazia

H-aivB-

iNapoly and LPCCaen)

* 16 telescope “Block” structure

* 8 analog./dig. cards

* with mother board (communication , HV and “low bias’)
* 1 optic fibber per “Block” (3Gbit/s)



FAZIA Phase2 2011-2013

TECHNICAL CHOICE :
Digitize as close as possible /preamplier

PACI preamp. o= =
p : legal=l | (P.Edelbruck IPNOrsay)

Charge & Current

(Card for 2 telescopes) (IPNOrsay, INFN Napoly)
“Price to pay”

* 25 Watts per card

* Cooling system



FAZIA Phase2 2011-2013

TECHNICAL CHOICE .
Digitize as close as possible /preamplier

8 ety o it it ST syt £ S AR e e ] [ SHL ]

Electronic card temperature (top 5 O o C

W‘ B side)
Electronic card temperature o
(bottom side) 43 °C C

Intefnal —— < ) : '. Al shelf temperature 35 °C °C

distribution of e — i
water . I Cu plate temperature 34 °C 28 °C

(Cu 6mm)
TESTS under vaccuum

Alf test : EXIStence 3 = Outgoing water temperature 25 °C 2,1 °C
Of hot points
(imprOVC) i o q‘ Incoming water tempgfature 20 °C

(lNFN Napoly) —— Cooling water flow m



A IEEIER
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-

Single Chip
Telescope:
no photodiode

Analysis:
Particles stopped in Si
are separated from

: those punching
Sepa_ratlon _ through (shape of
algorithm using

leading edge).
AE and T,

| SCT IMF stopped in Si

Si1/Si2
FAZIA data (LNS)

- IIi.‘i[iél][iéS[iIZI}D[ililiﬁljd-ﬂﬂlﬁ[il 50 100 150 200 250 300 350 400 450

Analysis: Firenze




FAZIA: RADIATION DAMAGE

LNS (November 2009). “Radiation damage and PSA’”

r A 300um detector was placed at very forward angles

« Mono-energetic (elastically scattered) Xe ions of 35 MeV/n are either implanted
or punching-through, depending of absorbers, in narrow zones of the same
Silicon detector

. The detector was periodically irradiated and tested, in terms of energy and
risetime resolution, by moving it far from the high flux region. Only elastically
scattered Xe ions are measured (worst case)

« Atotal fluence of 1.2x10° ions/cm? has been experienced by the detector

SR

Heavy damage zone: 6x108/cm?
Implanted Xe ions

- 20mMmM

Standard irradiation zone: 2.5x10%/cm?
implanted Xe ions (as for a real, safe
experiment)

Punch-through zone: 6x108/cm?
punching-through Xe ions




FAZIA: RADIATION DAMAGE

Energy of elastic scattering (Xe@35AMeV) vs Elapsed time NO DAMAGE EVENTS Trise of elastic scattering (Xe@35AMeV) vs Elapsed time NO DAMAGE EVENTS

2850
3

Trise (ns)

Elastic Xe Energy vs time

9000050 shasssnsere® WQ—

Target: Ni — Sn !astlc Xe Rise-time vs time

e S

[ | T T O | [ I | _IIIJIllIIIJJIlIIlJJlllllIJ]llIIl]]lllIlI]
500 600 700 800 100 200 300 400 500 600 700 800

Elapsed time (s) Elapsed time (s)

Keeping the field constant by changing the '
biais Voltage

IIII|IIIIEIIIIlIIIIlIIII|IIII

| TR R R

IlJ]llIIJJIlIIJl IJ I Jll IJ
0 100 200 300 400

Standard irradiation zone:
2.5x10%/cm? implanted Xe ions
(as for a real, safe experiment)




FAZIA: RADIATION DAMAGE

Energy of elastic scattering (Xe@35AMeV) vs fluence TRASMISSION EVENTS Trise of elastic scattering (Xe@35AMeV) vs fluence TRASMISSION EVENTS

2850

- Elastic Xe Energy vs fluence

Trise (ns)
=] ]

Elastic Xe Rise-time vs fluence

270 [SLlCEe 5% modification

>

Target: NI — Sn

|

PR I T T T T T T o oo b b by by
400 500 100 200 300 400 500

fluence (count/cm2) fluence (count/cm2)

Keeping the field constant by changing the N4
biais Voltage

PR T T W N N |
100 200

L 13001 | |

L=]
=]

Punch-through zone:
6x108/cm? punching-
through Xe ions




FAZIA: RADIATION DAMAGE

Energy of elastic scattering (Xe@35AMeV) vs fluence STOPPED EVENTS Trise of elastic scattering (Xe@35AMeV) vs fluence STOPPED EVENTS

650

—Elastic Xe Rise-time vs fluence

=
L]

Elastic Xe Energy vs fluence

Trise (ns)
[x*] [n*]
[n*]
=]

Energy (a.u
o)
=1
o

16% modification

—
o
(%]
=

56% modification

1500

Target: Ni — Sn.h‘"s..

1450

1400

PRI N T T N N |
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L 13001 L

PRRRETISNR] NS VT T TN Y el v b e by e b by by
400 500 100 200 300 400 500

fluence (count/cm2) fluence (count/cm2)

Keeping the field constant by changing the wr
biais Voltage

13500 =

L=

Heavy damage zone:
6x108/cm? implanted Xe ions




FAZIA: RADIATION DAMAGE

LNS (November 2009). Radiation damage and PSA

« The average effect of the increased reverse current (associated

to local damage) can be fully recovered by simply keeping the
field constant

« No significant effect is expected for the electronic noise (below
100 keV)

« Local damage is mainly associated to mono-energetic implanted
lons (a narrow trapping layer is created at a depth="ion range”):

« 2x107 (Xe-like) ions per detector (4cm?) is the estimated
limit for full Fazia performance for the energy and PSA of
the same considered ions

« Minor degradation is observed in zones where ions have

punched-through and fluences about 10? times higher can
be sustained



NUCLEAR EQUATION OF STATE
E(p, (N-Z)/A,T)

INDRA@SPIRAL

Fragment production
at 5.5 A.MeV

LIQUID PHASE

Isospin physics case from
SPIRALZ2/SPES (liquid phase)
to GANIL/LNS high energies



FAZIA Phase2 2011-2013

Phase2 = “répetition générale” for several 1000 of telescopes

Phase Il will be TRIGGER—

And

an array of few ACQUISITION

Fast sthernsat

blocks

fead-through

840 FEE
blocks

oS S

Detector level 10240 telescopes




FAZIA Phasel-R4&D

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

SiSEI + N = Si:le_ P:E::i

Neutron “zge= 4  gjs
e

&

— el

Meutron
Irradiation

30S;i 30Si(n,y)31Si = by beta
decay (2.62 hrs)= 31P

Regular Silicon: +/- 15% uniformity — “regular” nTD silicon: below +/- 5%
FAZIA nTD silicon: +/- 0.5%

Fz-Silicon Doped Silicon Wafer




FAZIA Phasel-R4&D

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

DIGITAL PULSE SHAPE on 500um and 300um Silicons with similar field and different
doping non-uniformities: 300um: ~ 4 GeV full scale 500um: ~ 4 GeV full scale

Energy vs risetime (SCT.1) - random configuration

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

o
=]

140V on 300pm

£y
(=]
=)

-
(<43
=
=
o
L~
[+43
| =
(NN ]

4% non-uniformity

T U TN TN TS N UYL OO NON OO WO

100 120 140 160 180
Risetime (ns)

+/- 5% Is not enough PSId.
needs +/- 0.5%

It Is possible (work with manufacture

TORSIL

PURE SILICON




FAZIA Phasel-R4&D

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

DIGITAL PULSE SHAPE on 500um and 300um Silicons with similar field and different
doping non-uniformities: 300um: ~ 4 GeV full scale 500um: ~ 4 GeV full scale

Energy vs risetime (SCT.1) - random configuration

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

o

140V on 300pm

4% non-uniformity

Energy (MeV)

_____

0 100 120 140 160 180
Risetime (ns)

+/- 5% Is not enough PSId.
needs +/- 0.5%

It Is possible (work with manufacture

TORSIL

PURE SILICON




FAZIA Phasel-R4&D

IONS IDENTIFIED WITH TWO DETECTORS: USUAL DE/E-plot
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FAZIA Phasel-R4&D

—T"".'.'.‘.:L:::

| IONS IDENTIFIED WITH ONE DETECTOR

he (det.G-E) - random configuration

e TTAINrara vev © 2201
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