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PARIS : Detectors status and beyond

Olivier Dorvaux, IPHC/University of Strasbourg
for the PARIS collaboration
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ﬁ Q PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ON AND STABLE BEAMS

PARIS (Photon Array for studies with Radioactive Ions and Stable beams) is devoted to
studies on both nuclear structure and reaction dynamics (exotic collective phenomena

including giant resonances and rapid shape transitions, discrete gamma, ...).
To contend with the variety of physics cases (16 @ SPIRAL2), the PARIS array needs to be:

e as efficient as possible in a wide energy range (from 50 keV to 40 MeV),

* with the best possible energy resolution for low energy gamma rays (~4% @ 662 keV),
* with a sub-nanosecond time resolution to discriminate gamma-rays against neutrons,
(i.e. ~500 ps @ 511 keV

* with a high granularity (gamma-ray multiplicity, gamma-ray coincidence, Doppler

correction),

* able to accept a high counting rate (50 kHz)

* modular and position sensitive

* transportable (experiments @ different facilities : GANIL/SPIRAL2, IPNO, HIL
Warsaw, CCB Krakow, SPES/LNL, HIE-ISOLDE, TIFR Mumbai,...)

* as cheap as possible

PARIS Collaboration Meeting - INFN Laboratori Nazionali di Legnaro, 28-29 November 2019 2
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Overview

General presentation of PARIS detector and its characteristics

few words on simulation/shielding working close to an electromagnetic
field

PARIS as a neutron detector ?

Conclusion

PARIS Collaboration Meeting - INFN Laboratori Nazionali di Legnaro, 28-29 November 2019 3
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ﬁ kjg PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ON AND STABLE BEAMS

the PARIS design

Choice is based on a « Phoswich » solution manufactured by Saint-
Gobain Crystals encapsulated in 0,5 or 1 mm Al cap (+coating 0,3mm )
and composed by two shells :

LaBr3(Ce) or CeBr3 : 2'"x2''x2"

NaI(T1) : 2"'x2"x6"

Mechanical matching
and PM tube fixing

PARIS Collaboration Meeting - INFN Laboratori Nazionali di Legnaro, 28-29 November 2019
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% pA@ PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ON AND STABLE BEAMS

the PM tube

e Coupling with a R7723-100
Hamamatsu PM tube (high QE,
good linearity, low gain, ...) fixation
with rods for a better stability

e Home made IPHC Voltage divider
e design based on the Hamamatsu

one (E5859-15MOD D Type Socket ) i
e new PCB —1600
e Anode and 2 dynodes (between : %
6,7 and 8) outputs —{400 g
{ S
e and has shown a remarkable {200 2
linearity up to 22 MeV vy-rays o wmvaeekeyv| |

(see C. Ghosh et al., JINST 11 P05023 (2016)) I [T I N T

4 8 12 16 20
Ey (MeV)
PARIS Collaboration Meeting - INFN Laboratori Nazionali di Legnaro, 28-29 November 2019 5
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%M@ PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ION AND STABLE BEAMS

the mechanical design

e Special mechanical design to ensure
the optical coupling and compatible
with the assembly in a "cluster"
configuration of 9 phoswiches

Weight 9 cristal LaBr3+Nal ~ 23 kg »
Weight cluster ~ 11 kg
Total ~ 34 kg

¥
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A@ PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ION AND STABLE BEAMS

the Paris performances : 2 crystals - 1 output signal

v interaction in LaBr; only v interaction in Nal only v interaction in both shells
[Trace Lecroy 10GHz - Phoswitch 60Co | E——— [Trace Lecroy 10GHz - Phoswitch 60Co | oo | ETfeics|Lecroy 10GHzZ = Phioswitchi6uCol| T

Mean  1.791e+04

Mean  1.464e+04 Mean  1.955e+04

oF T RMS 9651 RMS _ 1.041e+04 op WMZS»M
= oM C
A - -
S (r -0.1F -0.51
-2 E C
= 0.2F A
4 -0.3F 1.6 =
@ 1332 keV @ 1332 keV E @ 1332 keV
g ;_ -0.5F -
7B - Py |-
= -0.6 — 2.5 -
= o -
o" b ee 5000 25000 25000 S5000 S5000 F5000 45085 55000 0200016000 15000 20000 25000 50000 35000 40000 45000 56000 ] I T P P DR P IS T I B
Time (1e-10's) Time (1e-10's) 0"~8000" 16000 15000 20000 25000 36000 35000 40000 45000 50000

Time (1e-10 s)

4000

|7
i
>
<>

@ 18 and 22 MeV

~ 22 MeV (LaBr3)
~ 18 MeV (LaBrs)

- 22 MeV (NaD) (see C. Ghosh et al., JINST

~ 18 MeV (Nal)

- — LaBr; - Nal Mixed 11 P05023 (2016))

3000

1
—

Amplitude (ADC Channel)

2500

1 1 1 1 1 1 1 1 1
200 400 600 800 1000
Time (ns)
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pA@ PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ON AND STABLE BEAMS

the Paris performances : using analog electronics (BaFPro module from MILANO)

— External add-back

mitpot = 1 ELBE facility, Dresden 10-12
December, 2013

107

10°

? -~ mitpct=2
o F Nuclear Resonance
107 Fluorescence experiment
2 10t L (Mazumdar, Maj, Schwengner)
§ -
O 10° 4
; Electron beam converted
10 into Bremsstrahlung

(Y energy up to 15.6 MeV)

\ ||||!||‘ | IIHHI‘

WH]{ ‘ I H \ ! il IIM IIM illllww It ‘

0 2000 4000 6000 8000 10000
Energy [keV]

1E7T

1000000 l - -
)

100000 i

(see B. Wasilewska and al. in: O. Roberts, L. Hanlon, S.
McBreen (Eds.) Applications of Novel Scintillators for
Research and Industry, lop Publishing Ltd, Bristol,
2015

10000 -
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the Paris performances : using digital electronics

60Co+137Cs sources placed in front @ 7-40 kHz

o Triggerless digital 100 MHz
electronics TNT2 using an algorithm
based on the Jordanov trapezoidal

m e th 0 d VT lordanov.G F Knoll NIM A345(1994)337-345
&N 5000— & : : ‘ o
S < C
< -V . e 6000 — 4,3%
_ IR 7 - LaBr3
4000 — i ST 10° C
. i / 5000/ Nal
- AN - 7%
3000 }— 4000
N 10° C
- 3000
2000 — " !\
- 2000 | ! |
- ,200 ns 10 | | ,\
1000}~ y—\ 1000l | x \
- 0 | / e U
[ 2 .,7:;:".‘ | | | | | Oh ca b T i LI PRI A VA I V|
0 S rTrv — 1 0 500 1000 1500 2000 2500 3000 3500 4000

0 1000 2000 3000 4000 000 o
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the Paris performances : time resolution

(see C. Ghosh et al., JINST 11 P05023 (2016))

Digital
M BT KRAKOW/MILANO/CAEN Collaboration
10°F
V1730 digitizer 14 bits/ 250 MHz
s gl @ CAEN $ Timing Resolution
510':_ | TOF Spé&scale) CAEN i' o
: i ' o | @ CAEN
o A | 1 channel = 10 ps
1F . b \ s ROl @ 1.33 MeV PEAK
; s ALL ENERGIES
't FWHM = 457 + 3 ps FWHM = 454 + 6 ps ' [\
; TYrTITIRY el ppgallng i E {|

20.5 21.0 21.5 22.0 28.5 29.0 29.5 30.0 102

Time (ns) Time (ns)

done with V1751 CAEN digitizer 10 bits/1GHz

o

w" .I by ‘
(ALY

| “ il

ol oot Loallloin gkl et bt Bt

| ‘ I‘ . ‘ | » | ‘I | A A
il (i |l i
TOF from pure 3"x3' LaBr; to Phoswitch-LaBr;

without prior written permission of CAEN S.p.A. is

it
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& PLRIY PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ION AND STABLE BEAMS

the scan of phoswiches : 1500 points

thanks to the AGATA collaboration for the scanning table @IPHC

position du photopic / voie rapide position du photopic / voie lente

aire nette du photopic / voie rapide aire nette du photopic / voie lente

x10°

30000

~resolution

resolution du photopic / voie rapide resolution du photopic / voie lente

15000

10000

150 160 170 180 190 200 150 160 170 180 190 200

position X position X

~efficiency

150 160 170 180 190 200 150 160 170 180 190 200

position X position X
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the actual PARIS status @ 53 detectors available
(27 LaBrs/Nal + 24 CeBrs/Nal)

o))

o

N

W France - IN2P3 S
M France - GANIL %
Poland —

M India 8
Hm UK |
Italy 3

M Turkey ©
Romania 2
ke

>,

0

Q

>

2012 -2017 2018 - 2021 S
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PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE ION AND STABLE BEAMS

the Paris performances :

energy resolution@662 keV

LaBr3 <FWHM> ~ 4.1% (ranging from 3,5 to 4.7%)
Nal <FWHM> ~7,8% (ranging from 7,1 to 9,4%)

CeBr3 <FWHM> ~ 4.8% (ranging from 3,9 to 5.8%)
Nal <FWHM> ~7,2% (ranging from 6,5 to 8.2%)

PARIS Collaboration Meeting - INFN Laboratori Nazionali di Legnaro, 28-29 November 2019 13
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the Paris performances :

time resolution Analog electronics
FWHM = 500 ps @ 551 keV
Time Resolution - Phoswich Nal 2x2 R7723-100 1800V | 360 ps @ 1 MeV
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the database @ IPHC

e we use the same R7723-100 PM and the same home-made voltage
divider on a bench test to:

e measure the LaBr3/CeBr3 and Nal energy resolution @ 662 keV

e scan the full length of the PW unit to check the linearity @ 662 keV
(thanks to the AGATA collaboration using the scanning table)

e all informations are stored in a « AGATA-like » database (contact
S.Kihel@IPHC)

(2[R [8)

sun | oy | asem

oot [Jmwef[~]veon[_[*] oremorasarcose:] ]

Seloction citeria and showing properties.

cccc

ted 100.00% of abjects
nnnnnnnnnn
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ﬁ kjg PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ON AND STABLE BEAMS

PARIS tests

» Beam test in Krakow (GANAS detectors tests : PW LaBr3/LaCl3 + PARIS PW
+ large LaBr3 from Milano) from 13th to 28th of March 2013

»  ORSAY experiment test in April 1st-8th 2013 @ Tandem ALTO : one cluster

» ELBE Rosendorf test in November 2013 : one cluster
» Many tests @ MILANO to optimize the PARISPro module
@ KRAKOW to define a new digital electronics
@ STRASBOURG with AmBe source and DT5730 digitizer

@ VAMOS to see the effect of VAMOS magnetic field

PARIS Collaboration Meeting - INFN Laboratori Nazionali di Legnaro, 28-29 November 2019 16
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"Mkjg PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE ION AND STABLE BEAMS

few words on simulation/shielding working close to an electromagnetic
field
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PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE ION AND STABLE BEAMS

PARIS experiments @ GANIL/VAMOS & AGATA

Needs of test @ VAMOS to see the effect of VAMOS
magnetic field

=
N Jit-

) 1
! |

’ _ R
-

(Courtesy of E. Bouauerel, S. Kihel, Ph. Peaupardin, M. Krauth and M. Ciemala)
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(Courtesy of E. Bouquerel, S. Kihel, Ph. Peaupardin, M. Krauth and M. Ciemala)

sERhAmB AR i BiNn v

Energies bidimensional histogram: 31848071 entries

Bidimensional his

M Energies bidimensional hista? tries
W Polygon B

M Polygon -

10

= + + + + + + +
Q- 0 20 40 60 80 100 120 140 160 180 200 220 240

+

+ +

—— —— I
260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840

O Mo ©1 ®2 0~ O Zoom i and vl th mouss oot ospir

Drag with left mouse button.
PR . 4

(o} 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950 975 1000102510501 07511001125

O MNone ©1 @2 O - O - Zoomin and outwith the mouse wheel.

Highest peak H Polygon... H Slices... H Close ‘

PW5
sws= == Needed an uperade of ffi¢ shield to be simulated

PARIS Collaboration Meeting - INFN Laboratori Nazionali di Legnaro, 28-29 November 2019 19




dudJdddduddddudddudddduudddddddduddddJdddudddduddddudddduddddJddduddddcdddudddduddddddddduddddudddudddd o ddducdddduddduJdd o oo

) 77\
':‘.‘M‘RT_; PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE ION AND STABLE BEAMS

Excellent agreement between ANSYS simulations and
magnetic field measurement @ VAMOS dipole
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» Simulations modifying the actual shielding adding a
second part with different thicknesses)

1\

Y
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| I |

0.050 0.150
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» ANSYS Simulations modifying the shielding adding a
second part with different thicknesses)

0° ! a5° T i b i.T
With 2mm thick additional shield part : 25 N\

Max. values obtained < Earth magnetic field -

2.1(0°)<18.2(45°) <47 uT

magnetic flux, uT
N
o

0

0 1 2 3 4 5 6 7
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* PARIS as a neutron detector ?
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pA@ PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE ION AND STABLE BEAMS

Preliminary results from « Prompt y-rays as a probe of
nuclear dynamics »

Aim of the experiment :

> Coupling CORSET with ORGAM and PARIS setups offers
the unique opportunity of extracting details on the shell
effects characterizing the two competitive processes, fusion-
fission and quasifission, and which are deduced from the
two-body kinematic method alone.

>~ Discrete y-ray transitions to identify fragment (A,Z) and spin
regions

> @Gamma energy sum, multiplicity and angular distribution
would give insight into entry point in E* and J
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Preliminary results from « Prompt y-rays as a probe of nuclear dynamics »

Experimental Setup: CORSET

ORGAM

3261197 Ay 229 Am* E* a~ 43 MeV

» CORSET:
Measured parameters:

» ToF,X,Y (= start PARIS
Extracted parameters : cluster

» Velocity, energy, angles single
. o MCP stop phoswich -
» mass of fission fragments beam axis

The Coulomb barrier (in lab. sys) 167 MeV
Irradiation time ~4 days
Beam current ~90 nA
Collected statistics for fission fragments 274448
Excitation energy of the CN ~43 MeV
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Preliminary results from « Prompt y-rays as a probe of nuclear dynamics »
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» Goodtime resolution allowing
discrimination of y-rays against neutrons.
» Wide energyrange.

» Ableto accept high counting rate.
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Preliminary results from « Prompt y-rays as a probe of nuclear dynamics »

e average y-ray multiplicity and spin distribution as function
of the fission mass fragment

8.0 T T T T T T T T T 717

<M >
Y

'l S

7.6 -

40 60 80 100 120 140 160 180 200
I M 1 M 1 ! I v I
40 80 120 160 200 Primary Fragment Mass (u)

Fragment Mass (u)

7.4

Fig. 6. The average total spin as a function of the primary

Fig. 5. The average y-ray multiplicity vs the primary fragment fragments mass for the **S + **T Au reaction as measured with
mass. Symmetry was imposed. ORGAM and PARIS (full circles) and calculated as described

in the text (dashed line).

Extracted from |. Harca and al. Should be submitted soon
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Preliminary results from « Prompt y-rays as a probe of nuclear dynamics »

e PARIS as « a neutron detector... » ?!

g " " ']
o i i e [aBr3 is sensitive to
£ y "o eas Lo neutron
E N o e need to qualify the
S ?\\ o 7 neutron efficiency for
g | : g LaBr » and CeBr3
s S . E detectors
S T T S
g TKE (MeV)
@
I . . C . . . .
. Fig. 4. The integral T' K E distribution of the the fission-like ‘il
= fragments (circles). The average total neutron multiplicity as ° p OSSIbIIIty to have
£ a function of the average TKE within the gates shown in 3 information on the
o as measured by PARIS (open circles) compared to the average )
*g neutron multiplicity derived from the excitation energy of the ener g y d ef orma t/ on a t
= fission-like fragments (as described in text, dashed line) and to . .
5 the output of GEF (full line). the scission point
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In conclusion ...

» the phoswich concept of PARIS works and have been
validated by different tests/experiments

» mechanics for single crystal is ready, and mechanics for 4
clusters is ready too

» ANSYS simulations performed very valuable results and a
gave a valuable design of the shielding for experiments

close to VAMOS/other separators using magnets close to
PARIS
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29 LaBrs/Nal from Saint-Gobain (cost = 17,5 k€)

e 4 different designs to reach the optimum with a first delivery in 2007

¢ the actual design by adding a quartz window between the two
crystals

e the last crystal are (Ce+Sr) doped LaBr3 B390 (and not B380) : gain of
~10% on energy resolution @662 keV

Detector design review

f To potentially use separate
hermetic seals, work on
definition of :

® Housing thickness /
Interlocking housings ?

e prototypes/
production are
manufactured in
US (longer delay
delivery)

2 main possible designs:
interlocking or dual seal.

® Window Dimensions ?
(Minimum seal size)

® Overall length of detector(s) ?
(Crystal/window axial size limits)

y—

® Nuclear Performance :
Absolute limits on performance?

Interlocking Dual seal around light
hermetic seal window

AT
SAINT-GOBAIN
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e Resolution of ~10% worst
than the last B390 from
Saint-Gobain

e CeBr3/Nal phoswich is a
valuable solution for PARIS
concept
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» 8 clusters should be ready/available by end 2021/2022

» investigation to measure PARIS cluster to neutron
efficiency - planned in Dubna end of 2019 with 252Cf source

» and PARIS is ready for future experiments (GANIL/AGATA,
SPES/LNL, CBB Krakow, TIFR Mumbai, Alto, ...)
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