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A brief history ®

Four-t A and Z Identification Array

* Bornin 2006: design a multidetector for Heavy-ion reactions with
challenging objectives:

* Solid-state detectors for an “easy” operation
* Wide ranges of Z, A, E of ions from 10-100MeV/u nuclear collisions

* Z and A separation with 'low' thresholds to meet the requirements of
experiments at the ongoing ISOL european facilities (SPES, Spiral2)

Institutions (2015)

INFN (Firenze, Napoli, LNL, LNS, Bologna, Padova), Italy
LPC, IN2P3-CNRS,ENSICAEN, Universite’ de Caen, GANIL, France
CEA/DSM-CNRS, IPN Orsay, Universite’ Paris-Sud Xl, France

Dipartimento di Fisica Universita di Firenze, Italy
Dipartimento di Fisica Universita di Bologna, Italy

Dipartimento di Fisica Universita Federico Il Napoli, Italy

Jagellonian University, Institute of Nuclear Physics IFJ-Pan, Krakow, Poland
Heavy lon Lab., Warsaw University, Warsaw, Poland
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Main motivation $

What about Esym far from normal conditions? e
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Heavy-lon Collisions manifest processes/environments affected by E

- Isospin diffusion/equilibration o
| - Features of low density regions Typical times 100-180fm/s

(peripheral reactions, neck zone, skin effects)
- Cluster formation >
 n/p and mirror nuclei ratios

... and more:

- e.g. Dynamical dipole and pygmy resonances (gamma probes)

We are learning much in this NUSYM15: many EOS! |
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A brief history

Can we build a “large” acceptance device with

spectrometer-like isotopic resolution?
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FAZIA first experiments
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( A brief history @

R&D phase on detectors, electronics and identification techniques

Detectors

Si1 | Si2 & 2

Csl

identification

Basic detector module:

. Si-Si-Csl(TI) telescope 20x20 mm? Si (300um)-—
Si (500pum) — Csl (10 cm) (with photodiode readout)

Fully equipped with fast digital electronics in order to
best exploit Pulse Shape Analysis
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the prototypes

Sampling ADC's
and DSP/FPGA

In air

Cuurent+Charge | e S—_— T
(PACI) PREAMP iy g\

single telescopes; various choices were
time by time checked under beam
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Main topics about the prototypes .

As for Silicons:

Front vs. Rear injection for PSA and AE-E techniques
Thikness uniformity of AE layer (1 micron)
Channeling effects
Doping homogeneity and PSA (nTD type Si-bulk)
Bias voltage constancy
Metal deposition (sheet resistance)

As for Csl(TI):

Wrapping material choice
Stringent requirement on the Tl doping homogeneity
Custom Photodiode production (maximize active area)
As for Electronics:
New low-noise Charge-Current preamplifiers (vacuum);
Digital sampling cards with fast sampling ADC (air)

Current and charge signals sampled/stored for the quest of the best
Pulse shape algorithms




Published results from the prototypes '@ _

L.Bardelli et al., NIMA 491 (2002) 244 (digital sampling in scintillators)
H.Hamrita et al., NIMA 531 (2004) 607 (Charge and Current preamp.)

L.Bardelli et al., NIMA 521 (2004) 480 (time measurements via digital sampling
techniques)

L.Bardelli et al., NIMA 560(2006) 524 (about digital sampling technique)
G.Pasquali et al., NIMA 570 (2007) 126 (Si signals analysis by means of a DSP)
L.Bardelli et al., NIMA 572 (2007) 882 (timing synchronization)

S.Barlini et al., NIMA 600 (2009) 644 (PSA from current signal)

L.Bardelli et al., NIMA 602 (2009) 501 (measurement of the resistivity of Si detectors
by means of a pulsed UV-laser)

L.Bardelli et al., NIMA 605 (2009) 353 (channeling in Si and PSA)
L.Bardelli et al., NIMA 654 (2011) 272 (PSA technique; E-rise time vs. E-Imax)

S. Carboni et al., NIM A 664 (2012) 651 (results on PSA and [IE-E with FAZIA
telescopes)

G.Pasquali et al., EPJA 48 (2012) 158 (single chip telescope — Csl read out by Si2)
N.LeNeindre et al., NIMA 701 (2013) 145 (front vs. reverse mounting of Si)
S.Barlini et al., NIMA 707 (2013) 89 (radiation damage and PSA)

G.Pasquali et al., EPJA 50 (2014) 86 (PSA in partially depleted Si detectors)
R.Bougault et al., EPJA 50 (2014) 47 (review summary paper)
A.Kordjasz et al., EPJA 51 (2015) 15 (AE-E with epitaxial thin FAZIA-like detectors)
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rray

---=-> Refer to the various papers for details

Identification techniques

AE —E : particles punching-through at least the first -
300 um Si layer

v

— full Z identification (at least Z=56);

— A identification up to Z around 23

Pulse Shape Analysis : particles stopped in the first Si

— full Z identification (with a Z-dependent min. range in

i Si (>30 um))
— A identification up to Z=15 (witha Z-dependentrange ||
(>150 pum))

Decisive importance of DIGITAL ELECTRONICS to
optimize PSA and shaping parameters
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Main results from the prototypes |
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Pl from AE-E
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Starting physics with FAZIA

Inclusive experiment at LNS with a few telescopes in order to:

= confirm isospin phenomena (diffusion and drift) observed by
several measurements
-~ demonstrating the capability of FAZIA Telescopes for isospin

and EOS studies 84Kr+ 112,124Sn 35MeV/u

NAO— —
- %Kr4'%gn B =, !/ QP
e . 30, ] 151 residues
Isotopic distribution accessible a .
up to Z around 20 50 ; 7 4102
i y ¥ : —- QP “fission-
10- CM .-"'I : I like” products
L N i
0 _~ 50
A Vi, (MM/Ns) ]
Neck emission 2 QP evaporation

Similar to others, e.g: DeFilippo PRC 71 (2005), PRC 86 (2012)
Theriault PRC 74 (2006)
Brown PRC 87 (2013)




( Starting physics with FAZIA

84Kr+ 112,124Sn 35MeV/u Barlini et al C 87, 054607 (2013)

Telescope angles select the QP phase-space | a1-4- AllQPevents
< - o BKr4124gn |
Voo

1'3-_-\;"\ o ¥Kr+''2sn
1.2 \ ]
1 1_ ,/.\/«fffi .
"2 476 8101214 1618202

NIz f@&\ Z=4 =20 OBSERVATIONS
1o \ 1 i 1) isospin diffusion between QP and QT
I I O 84Kr+124Sn I g__(.}_@ (target effect)
—@

14| @ et 1 1 2) for IMF neutron content increases from
"l e QP to midvelocity (two origins of IMF)
V.55 (mmins) v, (mmns)  3) the N/Z of bigger fragments is about

midvelocity forward constant vs. velocity (QP fission-like)

Similar to others, e.g: DeFilippo PRC 71 (2005), PRC 86 (2012)
Theériault PRC 74 (2006)
Brown PRC 87 (2013)
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From prototypes to Demonstrator @ _

Beyond detectors: the electronics and the data-flow stages have
been built according to the final FAZIA design

Electronics: A BIG CHALLENGE!
From low-density separated electronics:
FEE (vacuum) + digital sampling & HV (air)

—J
to high-density complete electronics featuring:

FEE-ADC-FPGA-HV boards for under vacuum operation

Slow-controls, triggering, regulations, Data-Flow and DAQ:

Innovative solutions based on optical-link cards, ancillary boards
(under vacuum) embedding all functions, data transfer protocols
compatible with future coupling with GANIL Narval center

project developed by IPN-Orsay and INFN-Na

——




(From prototypes to Demonstrator @

Demonstrator :
made of 12 BLOCKS,
complete of the entire
functional parts

Each BLOCK

16 Telescopes (48 channels)

8 FEE multilayer cards, each
serving 6 channels (2 Teles.)

3 central control cards: BLOCK
CARD, HALF BRIDGE, POWER
SUPPLY CARD

1 Copper plate with internal
tunnels for liquid cooling
circulation
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FAZIA BLOCKS |

Block card, power supply

and half bridge
FEE cards
Detectors ; INFN Naples
\ - \ project
ot/ IPN Orsay
project

Around 300 W per block !!




y 3
' From prototypes to Demonstrator

Fom'-n
| @
Idemxiica\ion |
Array |

Front-End Electronics CARDS

6x kapton strips

F.Salomon and P.Edelbruck IPN Orsay

6x2 Fast

SAMPLING ADC's =~ ¢ 100 MHz, 14bit (4 GeV full scale) [Sil high range charge signal (QH1)]
| to handle preamp

outputs Si1 4 o 250 MHz, 14bit (250 MeV full scale) [Sil low range charge signal (QL1)]

~ @ 250 MHz, 14 bit [Sil current signal (I1)]

[ @ 100 MHz, 14bit (4 GeV full scale) [Si2 charge signal (Q2)]

L @ 250 MHz, 14 bit [Si2 current signal (12)]

Csl @ 100 MHz, 14bit 0-5GeV Si-equiv. full scale) [Csl(TI) charge signal (Q3)]
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2 FPGA (one for
telescope) extract
on-line information
from waveforms

Si2 <




(From prototypes to Demonstrator @ _

~ BLOCK BACK SIDE

Complexity inside,

simplicity outside!
2 optical
: fiber
?Fi;/wlggm connectors
/- k .
f —— 1
FEEEM =i | Cooling pipes
. | e ~ 48 V DC pow ly
FEE card - /LI power supply
— = I\ Only three I/0 ways
E me g3 omw ey \ WA Regional y 10 1) Liquid cooling
0oo E board acquisition tubes
FEE cad =1 2) 48V power
supply (copper
| wires)
el AIR 3) /0 optical fibers
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The Commissioning@LNS

A
4000MeV
dynamics -
Y Y -
\J =
| un ﬂwge_‘—'rﬂ—m'ﬂ . -
N 84Kr+1243n‘22“.*m VT
b ”«I'H ‘ ,‘.I.W el m.,w
. iy m‘ﬂuh W""".t 0 . - | Mm""“!"“ m“'ﬁl‘.ﬁ:
200/ i . T :‘“MV o . ‘ :
v r W""m.'w "y, 0 Telescope0 AE- E
]'rl"»q h vt ‘“l 'M'I'M w"’\"'m,'" fSll PGvsSi2 J

E Si1 Low Gain (a.u.)

» b
I “'"W'\-im

\W *\“MIMI'HH*HM

1t

USYM15 Krakow, 29 june- 2 jul

s e ww'“?“f:ﬁw"'l”: f —
W, 24Mev
Iy '”." M‘W *.{’nv{‘hﬁw'“ﬁi.,qm, ch
Sy 1,y AT PR T
R T T 7300 350 400
E Si2 (a.u.)

®

Extend “excellence” to a telescope set in the final configuration
" Two blocks were ready to be tested
" Troubles with one of the two (communication problems) during the 3-day test run
* As a result ony one block tested (16 telescopes)

DEC 2014
84Kr beams at 24.75 AMeV

Z=2|:| PID=8"4"

Array :1 ‘

|

k=11

I L|I Il ‘"I Il ‘I Il |”l " ‘"I [

200 202 204 206 208 210 212 214 216 218 220 222 224 226 2258 230 232 234 235 238 2.
PID=82Z+A

good results:

* AE-E: isotopic separation of ion up
to Z=21-22

* LCP are identified even in the
LowGain scale (4GeV range)

* PSA: there are good news...

——— e —————
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The Commissioning
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( The IsoFAZIA experiment @

4 complete FAZIA blocks

BLOCKS mounted in belt
configuration from 3.6° to 17.8°

80Kr+40,48Ca; 35AMeV

LNS Catania

PROJECTILE N/Z=1.22
TARGET N/Z=1 (40Ca) or 1.4 (48Ca)

Extension of the study of the isospin transport performed by

FAZIA and many others (MSU, WU, CHIMERA, INDRA, TEXAS
A&M, others...) to the QP fission channel

Centrality selection by means of the Zbiggest - vlab correlation

Goals

|[dentifying light fragments coming from the neck
Measuring the isotopic composition of both fission fragments

Comparison with transport models (e.g. SMF V.Baran et al., NPA 730
(2004) 329, AMD A.Ono, PRC 59 (1999) 853)
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IsSoFAZIA experiment: the basic idea ™+«

. === experimental data (B. Tsang et al. PRL 92 (2004))
Imbalance Ratio — T T T T ]

0.5
@ siff
L | M soft
— stiff. fit

Sn + Sn 50AMeV

Estimator of the o oL
relaxation of the
isospin diffusion 05|
rocess i | .
P 0 DJ.l | ol.z | o|.3 J 0%4 l ol.:i | Dl.(} o Scale of Centra“ty

E .ty  Kinetic energy loss and reaction times

Rizzo, Colonna, Baran, Di Toro, Pfabe, Wolter, PRC72(2005) and
arXiv:0711.3761, accepted in NPA

12 2

Peripheral collisions

Fast interaction EXP: detect QP (Z) and ejected LCP (Z,A)

Reduced n-p exchanges
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IsSoFAZIA experiment: the basic idea ™+«

. === experimental data (B. Tsang et al. PRL 92 (2004))
Imbalance Ratio — T T T T T T

0.5
@ siff
L | M soft
— stiff. fit

Estimator of the o op T ht
relaxation of the
isospin diffusion 05|
rocess _ _
P S B S T S A YR L Scale of centrality

E .ty  Kinetic energy loss and reaction times

Rizzo, Colonna, Baran, Di Toro, Pfabe, Wolter, PRC72(2005) and
arXiv:0711.3761, accepted in NPA

o

semi-central collisions

Violent and longer interaction ~EXP: detect QP (Z) and ejected LCP (Z,A)

Many n-p exchanges
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IsSoFAZIA experiment: the basic idea ™+

. === experimental data (B. Tsang et al. PRL 92 (2004))
Imbalance Ratio — T T T T ]

0.5
@ siff
L | M soft
— stiff. fit

Estimator of the ] o L
relaxation of the
isospin diffusion 05|
rocess I < .
[ B T Scale of qentr_ahty
k. JEy  Kinetic energy loss and reaction times

Rizzo, Colonna, Baran, Di Toro, Pfabe, Wolter, PRC72(2005) and
arXiv:0711.3761, accepted in NPA

40,48Ca

4 L e
12C(238U, 240P11) 10B6. ]

sk =" ]

Y(ZA)

80Kr 08; I %1 ;20' —
EXP: to study the QP ‘fission’ channel Similar to
measuring Z,A of coincident FF by Farget JoP 420, 2013
varying N/Z of the target Vamos at GANIL
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The IsoFAZIA experiment
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Experiment at LNS-Catania
4-16 june 2015
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i The quality of the identification
is comparable to the results
obtained during the R&D phase  “*
with the prototype telescopes 3000
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The FAZIASym experiment ™=

Completion of the INDRA+VAMOS exp. @ GANIL (2007) 40,48Ca+40Ca at 35AMeV

VAMOS EXPERIMENT — Absolute isotopic cross section measurement

Objectives: — Influence of secondary deexcitation

Some limitations have been found:

@ | CP not detected at foward angles
~ @ Scarce efficiency of VAMOS for Z<15
@ Difficult measurement of absolute cross section

INDRA-VAMOS data filtered with FAZIA telescopes

VAMOS DATA in FAZIA filter

p— LA L T T T 7T T T \ .
% 600.—._43Ca+4t'ca @ 35 MGV/A ; _ I.HTMOS‘ D;ATA I:'I FFAZ|AIfl“CI‘ _
= - o Q . %Ca+*’Ca @ 35 MeV/A
i - 500
= 500 = ]
I w r = 1
4001 L 450
Move to 3005_
FAZIA - —_ R
200 1
100} ]
= ] . ] L 1 L L 1 i | ]

0 200 400 800 800 1000 1200 T M T R
400 500 800 1000 1200
E.. (MeV)

E.. (MeV)
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The FAZIASym experiment ™=

40,48Ca+40Ca at 35AMeV ‘

— |sotopic cross section measurements Up to QP
Main goals . o e
— Exclusive detection in the angular range [2°,7°]

FAZIA 4B [2°;7°]

Experiment planned at LNS-
Catania end 2015

40Ca target

———

—

— Control of beam
alignment

Four blocks as in the ISOFAZIA experiment already done.

USYM15 Krakow, 29 june- 2 jul T




Medium term plans (>2016):
Demonstrator (12 biocks) ¥+ INDRA @GANIL

EXPERIMENTAL
APPROACHES

(R operation; stable beams
Rings 6-17 between Ca and Xe (E=40-

FAZIA@INDRA CSS2 will return to
-; \.-,_I_EChIo-Si—CsI SOMQV/U)

beam

- Chlo: low thresholds for complete
detection
A.Z,E®, ¢ - reaction characterization
- velocities, correlation functions - dissipation, calorimetry
- isotopic yields

@ Light UNSTABLE BEAMS from LISE




The Physics cases of
FAZIA (12biocks) ¥+ INDRA @GANIL

@ Radial flow in central collisions of 124,129,136Xe+40,48Ca 30 to 50 AMeV
Compare with existing systematics and explore isospin

? |[sospin transport in semiperipheral collisions 124,129,136Xe+40,48Ca
30 to 50 AMeV

Extend studies at higher fragments; comparisons with AMD and SMF

* From multifragmentation to vaporization of medium-mass systems in
Ca+Ca reactions 50 to 90 AMeV

Clusters at high T and low densities; Esym from the isotopic distribution
of the biggest fragment

@ Decay chain reconstruction of light systems 40,48Ca+12C at 35AMeV
Detect Z,A of all species coming from QP decay; Z,A yield staggering
and tracing back decay step with multiparticle correlations



Long term plans (>2019):
FAZIA (12 biocks) + X @SPES (and Spiral2)

FAZIA very good for Fermi energy domain but what about n-rich ISOL Beams?

Fermi energy
RANGE

T~

SPES beam
energy RANGE

SPES lowest

ER energies g | &
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35 —
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( Long term plans (>2019):
Fazia (12blocks) + X @ SPES

Improve particle identification AND/OR reduce
energy thresholds

AE-E method: thinner stages

- Gas stage: lower thresholds but more
complications (e.g. INDRA)

| - Solid state: very thin Silicon, lower
thresholds; technical limits

PSA G.Pasquali et al., EPJA 50 (2014)
Exploring partially depleted Silicon diodes

N =




counts (a.u)

10¢

10°

10°

Z-identification with thresholds as low as
1.1MeV for protons and 2MeV/u for Mn ions.

20mm

Long term plans (>2019):
Fazia (12blocks) + X @ SPES

Si(20um)-Si(500um)
FAZIA@LNS
A.Kordjasz et al. EPJ 2015

Ca

AE-E technique

ITERIIRRTA IR RTA STRN 1 ERTH U IRTRA [RRRINNTRIRRTH A INRTA ARTRIRRTRINUTH] FTNT1 NERNIFUTEE [NNTH ETRR1 NERNE [NRTH RTHTH RTRN1 FRTRE FAUT
12 3 4 5 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25

PID

epitaxial

s Use very thin and “large” square
FAZIA-custom detectors as a first
Silicon stage.

s Encouraging pioneering test so far

E mmm— [)¢lta E-E method
400
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Conclusions

Commissioning (dec2014) showed that extending to 'hundreds' scale
the very good perfomance of the single telescopes is feasible

The experimental phase of FAZIA started at LNS one month ago with
4 blocks (64 telescopes): ISOFAZIA experiment.

Next experiment 40,48Ca+40,48Ca expected next autumn again with
4 blocks (LNS, Catania)

2016-2019 @ GANIL and physics using FAZIA-INDRA. Stable beams
and exotic light beams from LISE

>2019 the SPES challenge (thresholds, radiation hardness...)

FAZIA welcomes all partnerships in common technological
efforts and towards agreed experiments




T — s,

FAZIA people, 2015

Firenze

Sandro Barlini
Maurizio Bini
Giovanni Casini
Diego Gruyer
Alessandro Olmi
Gabriele Pasquali
Giuseppe Pastore
Silvia Piantelli
Giacomo Poggi
Enrico Scarlini
Andrea Stefanini
Giampaolo Tobia

- Simone
Valdre’

Napoli

Alfonso Boiano

D. Dell’Aquila
Laura Francalanza
Roberto La Torre
lvano Lombardo
Antonio Ordine
Giulio Spadaccini
Gennaro Tortone
Mariano Vigilante

LNL / Padova

Marco Cinausero
Meltem Degerlier
Daniela Fabris
Fabiana Gramegna
Justin Mabiala
Tommaso Marchi

LPC / GANIL

Eric Bonnet

Rémi Bougault
Abdu Chbihi
Quentin Fable
John D. Frankland
Nicolas Le Neindre
Olivier Lopez
Marian Parlog
Emmanuel Vient
Yvan Merrer
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Guilain Ademard
Bernard Borderie
Gwenel Brulin
Franck Salomon
Giuseppe Verde
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Bologna

Mauro Bruno
Marco Guerzoni
Luca Morelli

LNS / Catania

Rosa Alba
D. Santonocito

Poland

M. Kajetanowicz

Andrzej Kordyasz
Tomasz Kozik

Marek Patka
D. Sierpowski
Tomasz Twarog

FAZIA is indebted with Elio Rosato (Naples) and MarieFrance Rivet (Orsay)
who have given so a strong contribution to the project and to us

NUSYM15 Krakow, 29 june- 2 july
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