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The FAZIA project: a brief introduction.

Sil S CsHTD
FAZIA is a new array for charged particles e 1T PhD [~
based on a three stages telescope Si (300 um) S —
+Si (500 um) + Csl (TI) (10 cm) with a ] T PAC>—
completely digital electronic. A ’7
Low-field ohmic sid ,I:%’I"}_

INTERNATIONAL COLLABORATION
Countries: Italy, France, Poland, Romania (+support from Spain)
People: about 30 physicists + engineers + technicians

OBJECTIVE
Build-up a new array with unprecedented capabilities of ion
identification, with “low” energy thresholds, modular, versatile
and transportable (in view of a 'spread' use Iin various labs)

MAIN PHASES

- R&D on detectors and electronics (2005-2012)
- construction of a Demonstrator (2012-2015)

- experiments with stable and unstable heavy-ion beams (>2014)
LNS User Meeting, 2 December 2014
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The R&D phases

During this phase, we focus in the
detector building in order to improve the
particle identification. The electronic was
always digital, but not in the final
configuration. Also the mechanical
mounting is not the final one.

-Many test in different laboratories (LNS, GANIL. LNL)
-PACI: preamplifier with charge and current outputs
-Digital electronic cards outside scattering chamber with:
o [Fast sampling ADC's (100MS/s@14bit for Si,125MS/s@12bit for Csl)
* Powerful computation unit, FPGA
e accurate Base Line (BL) estimation ( pre-trigger 2-4us)
« large memory depth (typical 16 us, BL + signal)
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The R&D phases: the FAZIA “recipe”

 "Random" cut of the Silicon wafers tilted with respect to the major crystal direction
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The R&D phases: the FAZIA “recipe”

e "Random" cut of the Silicon wafers tilted with respect to the major crystal direction
e Usage of nTD Silicon detectors with good dopant homogeneity (1-3%)

Detecbor: G-AF

o | non-hom.: 4.6% FWHM
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The R&D phases: the FAZIA “recipe”

e "Random" cut of the Silicon wafers tilted with respect to the major crystal direction

e Usage of nTD Silicon detectors with good dopant homogeneity (1-3%)

* Reverse mounting configuration of Silicon detectors: the particles enter from the low-
field side.

No difference in AE-E, but very different behavior in PSA!!
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The R&D phases: the FAZIA “recipe”

e "Random" cut of the Silicon wafers tilted with respect to the major crystal direction
e Usage of nTD Silicon detectors with good dopant homogeneity (1-3%)
* Reverse mounting configuration of Silicon detectors: the particles enter from the low-

field side.
e Selection of Silicon detectors with good planarity and parallelism of front and rear sides

(high thickness uniformity)

LNS User Meeting, 2 December 2014



The R&D phases: the FAZIA “recipe”

e "Random" cut of the Silicon wafers tilted with respect to the major crystal direction

e Usage of nTD Silicon detectors with good dopant homogeneity (1-3%)

* Reverse mounting configuration of Silicon detectors: the particles enter from the low-
field side.

e Selection of Silicon detectors with good planarity and parallelism of front and rear sides
(high thickness uniformity)

e An Aluminum layer of about 30 nm on both sides of detectors: less sheet resistance to
preserve good timing properties
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The R&D phases: the FAZIA “recipe”

e "Random" cut of the Silicon wafers tilted with respect to the major crystal direction

e Usage of nTD Silicon detectors with good dopant homogeneity (1-3%)

* Reverse mounting configuration of Silicon detectors: the particles enter from the low-
field side.

e Selection of Silicon detectors with good planarity and parallelism of front and rear sides
(high thickness uniformity)

e An Aluminum layer of about 30 nm on both sides of detectors: less sheet resistance to
preserve good timing properties

e Careful control of the constancy of the electric field inside the Si as a function of time:
monitoring of reverse current and correction of the voltage drop across the bias resistor

e Usage of dedicated low noise as close as possible to detectors pre-amplifier (PACI)

e Optimization of the digital treatment of the sampled pulse-shapes of both charge and
current signals: optimal extraction of the timing and energy information

S.Barlini at al., Nucl.Instr.and Meth. A600 (2009), 644

. L.Bardelli et al., Nucl.Instr.and Meth. A605 (2009), 353
Main results L.Bardelli et al., Nucl.Instr.and Meth. A654 (2011), 272
published on S.Carboni et al., Nucl.Instr.and Meth. A664 (2012), 251

G.Pasquali et al., Europ. Phys. J. A48, (2012), 158
N.Le Neindre et al., Nucl.Instr.and Meth. A701(2013), 145
Attention to the S.Barlini et al., Nucl.Instr.and Meth. A707(2013), 89

radiation damage!




The R&D phases main results: the Isotopic resolution

129¢e+"*Ni@35AMeV Si1+Si2 vs Csl
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The R&D phases main results: PSA identification
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With a higher gain (as in LNL test showed in previous slide), we can see also some masses!
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The R&D phases main results: Behavior of partially depleted silicons

> @

Depleted

[4)]
(=]

290V full depletion V i.e.

500 um active layer

v Several voltage steps...

105V bias voltage i.e.
300 pm active layer

G.Pasquali et al., EPJ A50 (2014), p.1

Isotopic separation
Improves !
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The Demonstrator (2012-2015): introduction

A possible final setup for 12 blocks.
Coverage from about 3to 14 degree (@1m from target)

A single BLOCK
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A single block: some details

our-T

F

Under vacuum operation: 25W/board

@m -_- FEE (IPN Orsay) |

BLOCK
CARD + HV card
(INFN Napoli)

Array 3
Preamp ==

i

ADC
FPGA

List of the digitalized signals:

Inside
vacuum

Out of

48V vacuum

REGIONAL CARD

Cooling plate

Embedded FEE Logics

Stage 1 (silicon 300 pm)

Stage 2 (silicon 500 pym)

Stage 3 (Csl + photodiode)

Charge 4 GeV full scale 100 Ms/s 14 bit
Current 250 Ms/s 14 bit

Charge 4 GeV full scale 100 Ms/s 14 bit

“Low range” | Charge 250 MeV full scale 250 Ms/s 14 bit = | ocal trigger
“High range” Charge 4 GeV full scale 100 Ms/s 14 bit -
Current 250 Ms/s 14 bit

Memories & buffers
= |nput/output

(Polish project)
Global trigger (validation)

i 1

Embedded FEE functions

= Pulser to all channels
= Generation, Si-HV
monitoring
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A single block: some details

HV card

HV card __ =

————

Many detectors ...
many Kapton to
be connected!!
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Kapton to tran
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The Block: first “real” test (with 2 blocks)

fQH1- Sil1 High Range (4GeV) || fQL1- Si1 Low Range (350MeV)

fQ3-csl |

-T440

100 MHz

Alpha- particle

Pre-ampli output
divided by 4

This results is very interesting
because the range of the fQL1
signal is around 350MeV, but
this is obtained starting from
THE SAME pre-amplifier of
fQH1. In other words, this
result is obtained from a
4GeV pre-amplifier, using a
different “electronic” gain.
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The experiments with FAZIA: ISOSPIN TRANSPORT

84Kr + 112124gn @35AMeV

S.Barlini et al., PRC 87 (2013), 054607
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A few examples at comparable energies:

Yang PRC60(1999)

Lombardo PRC82(2010), JmodPE 20(2011), PRC84(2011);

DeFilippo PRC86(2012);
Galichet PRC80 (2009);

Brown PRC87 (2013)
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The experiments with FAZIA: STAGGERING

84Ky + 1121245 @35AMeV Only one telescope of FAZIA with R&D configuration

between 6=4.8° and 6° (grazing 4.1° and 4.0°)
S.Piantelli et al., PRC 88, 064607 (2013)

Thanks to the very good mass resolution,
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Afew examples from literature: A T I B T P S S S T
M. V. Ricciardi, NPA 733, 299 (2004). 5 10 15 20, 5 10 15 20
P. Napolitani, PRCC 76, 064609 (2007)

I. Lombardo, PRC84, 024613 (2011). H H
G. Casini, PRC 86, 011602 (2012). Staggermg asa funCtlon Of N

M.D’Agostino, NPA875 (2012) 139
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The experiments with FAZIA: approved experiments

2015: 4 (to 6) FAZIA blocks in a stand-alone configuration. Partial covering of
forward angles up to about 15 degrees

MAIN PHYSICS: QP features, QP fragmentation cross section

Two experiments already APPROVED by % e 25
LNS-PAC: §F ' 1, Kinematic cut due

4048Ca+4048Ca at 35AMeV to refine VAMOS- , tossingle particle
INDRA data and to accurately determine mode in VAMOS
fragment cross sections

=1

=1

Signers (47) and affiliations (16)

] IDI a) _-_
78K r+46.50Tj at 35AMeV in reverse kinematics, - < L
to investigate the role of isospin diffusion on s “{)ﬁ i
QP sequential fission EEREE G ] 3

Proposed set-up
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The experiments with FAZIA: future perspective

>2015:

FAZIA and the multidetector INDRA at GANIL

192 FAZIA

telescopes

3-block supporting arm

...but also to LNS, LNL
with stable and exotic
beams!
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CONCLUSIONS:

sMany fragments are produced in heavy ions collisions, with wide
range of energy and sizes and coming from several sources

sThe identification of these fragments in A,Z with low thresholds and
over wide solid angles is needed to next exploration of EOS and of
role of Symmetry Energy in excited systems

oFAZIA is building a new medium-size array of telescopes with
unprecedented capabilities in terms of ion identification

sSpecific recipes and solutions for production and use of Si detectors
has been proposed and tested with success

sPulse shape analysis and fast sampling electronics are employed

2RIBs (besides stable energetic beams) will be useful to explore
reaction dynamics far from stability
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The FAZIA project in Europe: R&D phase

R. Bougault!, G. Pc.gg{—ﬂ S. Barlini>®, B. Borderie!, G. Casini®, A. Chbihi®, N. Le Neindre!, M. Parlog'®, G.

Pasquali®>®, S. Piantelli®, Z. Sosin”, G. Adc‘mirdd R. inlh'];E L. B'].I‘dﬂlllga M. Bini2?, A. ]3:31.9,:1'1-:::12 M. Boisjoli®, E.
Bonnet®, R. Borcea®, B. Bﬂug'lrdl G. Brulin®, M. Bruno!?, 8. Carboni2®, M. Cinausero!?, L. C"lcrlm:uIS L. Cruccruﬁ
M. Cruceru® . M. cherher“._ P. Dcamc&l, J.A. Duenas”, P. Edolhru{:kd, M. FalorsiZ, J.D. Fr&nkland:', E. Galichet® 13,
K. Gasior'®, F. Gramegna'’, D. Gruyer®, A. Grzeszezuk'®, M. Guerzoni'* H Hamrita®, C. Huss?, M. K‘lj(‘t‘lnGWin?
K. Kcrr::vl” A. Kordyasz'®, T. Kozik”, P hllllg L. Lmergnei E. Legc-uee 0. Lopw J. Lllkﬂ&lkl? C. Maiolino®,
T. M'lr::hlm, P. I".“Iarml‘:" I. Martel®, Y. Merrer!, L Morelli'®, F. Negmt&s A. Olmi®, A. Ordine!?, C. Pain!, M.

Palka™, P. Paﬁlﬂmbkll‘, I".’I. Peteu®. H. Petrasen® . E. Pl‘lSECklIE, E. Hﬂul} . M.F. Rivet® , E. H.DS&tDl'._ E. SC‘II‘lil‘jiE, F.
Salomon®, D. Santonocito®, V. Seredov?, S. Serra'?, D. Sierpowski”, G. Spadaccini'?, C. Spitaels®, A.A. Stefanini®*,
G. Tobia®, G. Tortone'?, T. Twardg”, S. Valdré®*, E. Vient!, M. Vigilante!'?, E. Wanlin*, A. Wieloch”, and W. Zipper!®

FAZIA Collaboration

LPC Caen, ENSICAEN, Université de Caen, CNRS-IN2P3, F-14050 Caen cedex, France.

Dipartimento di Fisiea, Universita di Firenze, via G.Sansone 1, 50019 Sesto Fiorentino (FI), Italy.

INFN Sezione di Firenze, via G.Sansone 1, 50019 Sesto Fiorentino (FI), Italy.

Institut de Physique Nucléaire, CNRS/IN2P3, Université Paris-Sud 11, F-91406 Orsay cedex, France.

GANIL, CEA/DSM-CNRS/IN2P3, B.P. 5027, F-14076 Caen cedex, France.

Horia Hulubei National Institute of Physics and Nuclear Engineering (IFIN-HH). RO-077125 Bucharest Mégurele, Romania.
Jagiellonian University, Institute of Physics, ul. Revmonta 4, 30-059 Krakow, Poland.

INFN - Laboratori Nazionali del Sud, Via S.5o0fia 62, 95125 Catania, Italy.

Departamento de Fisica Aplicada, FOCCEE Universidad de Huelva, 21071 Huelva, Spain.
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1" INFN LNL Legnaro, viale dellUniversita 2, 35020 Legnaro (Padova) Italy.

' Seience and Art Faculty, Physics Department, Nevsehir Haci Bektas University, Nevsehir, Turkey.

12 Dipartimento di Fisica, Universita di Napoli "Federico II" and INFN, Sezione di Napoli, Compl. Un. Monte S.Angelo - ed.
. 6, 80126 Napoli, Italy.

Dipartimento di Fisica ed Astronomia, Universita di Bologna and INFN, Segione di Bologna, Via Irnerio 46, 1-40126 Bologna,
Italy.

14 INFN, Sezione di Bologna, Viale berti pichat 6/2, 1-40127 Bologna, Italy.

1% August Chellkowski Institute of Physies, University of Silesia, ul. Uniwersytecka 4, 40-007 Katowice, Poland.

18 Heavy Ion Laboratory, University of Warsaw, ul. Pasteura 5A, 02-093 Warsaw, Poland.

I™ Institute of Nuclear Physics PAN, ul. Radzikowskiego 152, 31-342 Krakw, Poland.

1% Conservatoire National des Arts et Métiers, F-75141 Paris cedex 03, France.
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