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Test bench for 2”x2’x2”’ LaBr3 - 2”’x2’x6”’

Nal(Tl) phoswiches

—

*  Three phoswiches produced by Saint Gobain
company were tested.

*  Asareference we used 2”’x2”x2”LaBr3(Ce)
scintillator ( BrilLanCe ™ 380) and two BaF2
detectors.

*  We tested three different kind of PMT with
different kind of voltage divider.

*  Our test have concerned phoswiches S/N A207,
A209, A302.

*  Phoswiches A207 and A209 were coupled with
advaTech ET Enterprises 9815B PMT/C638B
voltage divider,

*  Phoswich A302 - Hamamatsu R7723-100 PMT/
E5859-15

*  BrilLanCe ™380 - Photonis XP 3292/B PMT.

* Referenced for time resolution BaF2 were
equipped with Philips XP2020Q PMT.

*  All phoswiches were tested also with XP 3292/B
PMT




The electronic setup

We used NIM and VME electronics.

The voltage divider for ET Enterprises 98158 PMT
was designed for positive polarity high voltage
power supply.

In case of XP3292B PMT we used negative polarity

of the high voltage power supply.

The energy gate for time resolution measurement

was chosen by proper setup of the upper and
lower level of the Differential CFD.

For the time resolution tests we used the ¢°Co:
gating E >200 keV,

gating 1 MeV>E >1.5 MeV

and the 22Na gamma sources :
gating on E >200 keV,

gating on E ~ 511 keV

—

Abbrevation used in block
diagrams

PMT BaF - cylindrical 2” x 2” BaF2 scintillator with  Philips XP 2020Q PMT
Base1 - ORTEC 269 Base and ORTEC 130 Preamplifier

LABr PMT - cubic 2°x2"x2” LaBr3 scintillator with Photonis XP 3292B PMT
Base2 - IPJ Swierk voltage divider network and CR113 preamplifier

Base - Hamamatsu or AdvaTech voltage divider network

Diff. CFD - ORTEC 583 Constan Fraction Differential Discriminator

Delay - POLON 1506 Delay lines

TAC — ORTEC 566 Time to Amplitude Converter

HV - CAEN N471 HV power Supply

F AMP - ORTEC 535 Quad Fast Amp.

AMP - ORTEC 671 Amplifier

MCA - Amptek 8000A multichannel analyzer

TDC - CAEN V775 Time to Digital Converter

BaFP - Milano BaF processor

785 - V785 CAEN ADC

812 - V812 CAEN CFD

QDC - CAEN V792

BUFF - Milano 4 chn. buffer



Block diagram for time measurement
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* VME DAQ for time and
energy resolution
measurements consist three
systems based on Kmax
environment

* First with CAEN TDC 775,
* Second with additional
CAEN QDCV792,V965

* Last based on CAEN V875
ADC and INFN Milano BaF
processor
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Block diagram for energy

measurement
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Time measurement procedure
\

The time resolution for LaBr3 counter was
measured using as a reference measured time
resolution of BaF2 counter (FWHM = 2v2/2 o).

The intrinsic time resolution of BaF2 counter was
obtained from the measurement done for two
similar 2'"x2" BaF2 counters ( 0., = 0/ V2 ).




Comparison of the time resolution

measured for different detectors

e
e S| R GR

60Co > 200 keV
60Co gate 1 - 1.5 MeV 0.58 0.53 0,37 0,31 0,3
22Na > 200 keV 0.87 0.83 0,56 0,42 0,51

22Na gate 511 keV 0.77 0.71 0,52 0,38 0,42



Time resolution comparison for
different phoswiches

Gate on IE?I\IIB:I?\A [ns]

energy @XP3292/B @XP3292/B
60Co > 200keV 0,61 0,72 0,70 0,70 0,50 0,66
60Co 1-1.5 MeV 0,40 0,64 0,60 0,36 0,59 0,46
2Na> 200 keV 0,84 1,0 0,96 0,82 0,76 0,73

22Na ~ 511 keV 0,70 0,89 0,84 0,61 0,71 0,67



LaBr3 scintillator energy resolution
for different energy
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A209 energy resolution
—__
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A207 energy resolution

-’
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Summary of energy resolution

A209 Labr3 A302 A207 A302
FWHM/E [%] | FWHMJE [%] | FWHM/E [%] FWHM/E[%] | FWHM/E [%]
@ET S/N5757 | @ XP 3292/B | @R7723-100 @ET S/N 5759 | @R7723-dig.

51 9,7 4,2 5,9 71

662 6,8 3,6 5,7 6,1 4,6

172 54 2,9 4,4 5,0 3,6

1272 7,3 5,3

1332 4,6 2,8 4,0 4,4 4,1

R v
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Matrix_3 | hist | man | -
500

Cm/C 6 MeV gamma source was used to measure
phoswich energy resolution in higher energy
range.

Using Milano BaF processor was possible to
distinguish slow and fast part of phoswich
response for gamma from source

Chann
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A302 with 6MeV source using BaF

processor

2,5% \

* Gate on slow 4,21%

* Gate on fast
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Spectra obtained from Acgiris DC 252

digitizer
T .
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Test with 27Al(p,y)?°Si at the Cracow

2MeV Van de Graaff
\

Al (p,gamma)’®Si, E = 770 keV
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Shape for different energy region

Signal shape
was measure
with V1729 2GS/
s digitizer
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Phoswich Energy Resolution versus

Energy
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Phoswich A302 (former A208)

S/N: A0302CsB S/N : A0302CoB

Désienation SGCD - N5IX35IN5 W15 BI”0 Désionation PMT - R6231 Désignation SGCD : N53X53X51W152_B380 Désignation PMT : R6231
SGCD Designation PMT Designation SGCD Designation PMT Designation

N? de commande © 16571( N° de séric PMT : ZE0742 N° de commande : 165710 N° de séric PMT : ZE0742
Order Number PMT Serial Number Order Number PMT Serial Number

Code produit : 22300137 Isotope © 137Cs 662keV2048 Code produit : 22300137 Isotope : 60Co_1332keV2048
Product Code Isotope Product Code Isotope

Ne° de plan : 1-4-7515 N° de source - 50414 N°de plan : 1-4-7515 N° de source : 50113

Drawing Number Source Number Drawing Number Source Number

l

(@ )
5000 5000
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‘é-‘- 3000 £ 3000
o 6 l
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i 1000 A 1000 k—jw
. = . . o , , . . .
0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
. Canal
A J J
Haute Tension | Résolution | Résolution | Pic / Vallée| Intégrale | Efficacité 1251 Haute Teasion | Résolution | Résolution [ Pic / Valleel Intéerale’ | Efficacite 1251
High Voltage - - Peak To Valley Integral 1251 Efficiency High Voltage : & Peak To Valley Totiaral 1251 Efficiency
645 V - - - - -
575V - - - - -

‘

W FINAL TES
Résolution @662KeV: 4.3 % '

ST TYPE : RT Résolution @1332KeV: 3.3 %
CUSTOMER: HPF/INZP3 ORSAY
™ 6] €] (O E—
Cathode Anode Anode Cathode
Serial [ Luminous Luminous| Dark Blue
Number Sens. Sens. Current Sens.
index
uA/im | A/Im n23 ‘
IKS752 118. 0 145 1. 90 15.10
ZKS753 145. 0 47 0.99 15. 80|
L




Phoswich A207

i

S/N: A0207CoB INP POLOGNE S/N: A0207CsB INP POLOGNE
Désignation SGCD : N53X53X51W152_B380_NAI  Désignation PMT : R6231 Désignation SGCD : N53X53X51W152_B380_NAI %wﬁw PMT : R6231

o e o N° d or:de 165597 N de série ;;"Mr ZE0742

. : . ic commal : T :

g;gc ooml’nandc. 165597 g;rdse‘:lne PMT : ZE0742 g e s
Code produit : 22300137 Isotope : 60Co_1173keV2048 Code produit : 22300137 Isotope : 137Cs_662keV2048
m«pcw- JWpc - Product Code lmowpt
N°deplan : 1-4-7515 N° de source : 50113 N°deplan: 14-7515 N° de source : 50414
Drawing Number Source Number Drawing Number Source

- W g N
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High Voltage 3 =] Peak To Valley | Integral 1251 Efficiency High Voltage - - Peak To Valley | Integral 125] Efficiency
574V - - - - - 630 V - - - - E

!

Résolution @1332KeV: 3.0 % Résolution @662KeV: 4.1 %
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Phoswic

S/N: A0209CoB INP POLOGNE

Désignation SGCD : N53X53X51W152_B380_NAI  Désignation PMT : R6231
SGCD Designation PMT.

'Designation
N° de commande : 165597 N° de série PMT : ZE0742
Order Number PMT Serial Number
Code produit : 22300137 Isotope : 60Co_1173keV2048
Product Code Isotope
N°de plan: 1-4-7515 N° de source : 50113
Drawing Number Source Number
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e
S/N: A0209CsB INP POLOGNE

Désignation SGCD : N53X53X51W152_B380_NAI  Désignation PMT : R6231
SGCD.

lon PMT Designation
N° de commande : 165597 N° de série PMT : ZE0742
Order Number PMT Serial Number
Code produit : 22300137 Isotope : 137Cs_662keV2048
Product Code Isotope
N°deplan: 1-4-7515 N° de source : 50414
m Source Number

N

-~
.

Haute Tension | Résolution | Résolution | Pic / Vallée| Intégrale | Efficacité 1251
High Voltage - - Peak To Valley | Integral 1251 Efficiency
646 V 5 - = E 3

Résolution @662KeV: 4.3 %



ET Enterprise 9815B

dynodes: 10LFBeCu

anode sensitivity in divider B:
nominal anode sensitivity
max. rated anode senstiity
averall V for nominal Afim
averall V for max. rated Alm
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B | magnetic field sensitivity:
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Photonis XP3292B

Spectral range 270-850 nm
Maximum sensitivity at - 420 nm
Sensitivity -
Luminous : 5 HANM
Blue *: 1" 12 WANmE
Radiant, at 420nm 95 mAW
Gain slope (vs supp. Volt , loglog) 58
For an anode blue sensitivity of 3 A
Supply voltage * 800 | 1000 | 1200 v
Gain 2.3x10°
Anode dark current * 1 20 nA Gain Typical gain curve
Pulse height resoluticn “'Co - 86 9.1 %
Pulse height resolution "*'Cs - 7 %
Mean anode sensitivity deviation : Vi
Long term (16h) : y % 4
After change of count rate 1 %
Vs temperature between 0 and +40C 03 WK
at 420 nm 3 1E+6 7
‘Forasupply voltageof : 1000V | Min | Typ | Max | Unit ==
Linearity (2%) of anode current up to : 10 ma V.
Anade pulse | /
Rise time : 4 ns /
Duration at half height ; 8 ns 7
Transit Time : 38 ns /
Type A for maximum gain 1E+5
1 1 1 1
K D1 D2 D3 D4 D5 DE D7 D8 A 800 e Vm(%?o 440 3610
2 15§ 15 156 1 1 1 1 05 (total - 11)
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Hamamatsu R7723-100

CHARACTERISTICS (at 25 °C)

{Q° TRMHEOTREA

Parameter iz iy
Min. Typ. | Max. Min. Typ. Max.
Luminous (2856 K) 60 90 — 60 90 —
g::gi)t?\zty Quantum Efficiency at 420 nm | — 26 — — 26 — e
Blue Sensitivity Index (CS 5-58) | — 10.5 — — 10.5 — R1806 1111
Anode Sensitivity] Luminous (2856 K) 10 90 — 30 300 — 10° LA
Gain — [1.0x108 — — [33x10% — ==
Anode Dark Current (after 30 min storage in darkness) | — 3 20 — 6 40 - AT LY
Time Anode Pulse Bisg Time — 1.7 — — 2.1 — g 10° = Re231 e
Response Electron Transit Time — 23 — — 29 — i e
Transit Time Spread (T.T.S.) — 1.1 — — 1.2 — A A
Pulse +2 % Deviation — 80 — — 60 — 10*
Linearity +5 % Deviation — 100 — — 90 —
NOTE: Anode characteristics are measured with voltage distribution ratios shown below: -
VOLTAGE DISTRIBUTION RATIO AND SUPPLY VOLTAGE
R7723 10?
Electrodes | K | Dy1 | Dy2 | Dy3 | Dy4 | Dy5 | Dyé | Dy7 | Dys8 | P | 500 700 1000 1500 2000 250030003500

Ratio [ 4 [ 1+ [ 2 1T 1+ 1 1 [ 1+ 12 1T1]

SUPPLY VOLTAGE (V)
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PMTs data sheet comparison

i e | HAMAMATSU  FINAL TEST SHEET
Order No. 42653 ' : PHOTOMULT[PLIER TUBE TYPE : R7723=100
IMPORTANT-This test ticket must be retumed
s i rekdng e o ; CUSTOMER: HPF/INZP3 ORSAY .
Type: 98158 ' ™ ) (€) @ [
z 4 : Cathode Anode Anode Cathode
Serial: 5757 ; Serial [ Luminous Luminous Dark Blue
i _ : Number | Sens. Sens. Current | Sens.
: i
TEST RESULT DATA uA/Im | A/Im nA noe '
@ NE o ot v IK5752 119. 0 4. 5 1. 90 15.10
;‘/’(‘}—T.s;bm""' ‘“:%’:A , ZKs753 1450 470 0 99 15. 80
1 VOLTS & 500A/Im  2597.000 V ‘
ET Enterprises .
g‘;'zem ‘4‘;'85‘;“"’" ‘:‘j Date : 29-Jan-09 _
Tt s e Type : XP32028  PHOTONIS
tube if making a guarantee claim Sel’lal Nr . 05299
Type:  osis8 |
Serial: 5759 ‘ Cathode Blue sensitivity : 12.3 pA/ImF
For a anode blue sensitivity: 3  A/ImF
. 1-05;;87 Oﬂgsw DAg: o Supply voltage : 959 V
VOLTS & SO/m  1638.0 ¥ Dark current : 1.0 nA
D/C @ 50A/Im 9.800 A 29 PHR for Co57 : 86 %

VOLTS @ 5008/In 258,000 V



A207 with XP 3292/B

i

counts

3,0000x10* foqe—Gauss | T T —T 1400
: T | SRR T T T T T T T T
Equation  y=y0 + (AlW*Sart(PI2)) exp( 2 Gexcll Phosw!ch A0_207 | m  Phoswich A0_207 i : ;
wy'2) —— Gauss of B : f f 1
2,5000x10* Reduced Ch| 22906,7552 5% LCL of B 1 19200 o A
HSor ﬁ —95% UCL of B | ; ; ; ; 3
Ad.RSqua| 0.99965 —95% LPL of B i i f f f
4 Value Standard Err i i : : : ! 1
2,0000x10° |5 ¥ 916,24468 5543453 ——95% UPLof B } Q 3 : |
B xc 663,12929 0,02161 _ 1 e TR
B w 227041 0,08107 i ‘ 3 ‘ :
1,5000x10°% B A 67020149  3413,02301 %‘ i 3 |
B sigma 11,35205 ==, . : : :
B FWHM 26,73203 7 w 8w0f i |Equation | y=a+b'x l
B Height 23562728 : —
oo0ene’ R A5
i i '
5 . i : Sum of
600F R TB 0.99994
a \ _ Adj. R-Squ \
5,0000x10 \._\\M J ; : Value Standard Er
A . i i : : Intercept  6,1340  3,95024
N 1 3 B Slope 0,8807  0,00335
0,0000 L N N . L n n i 400 L L L | L
200 300 400 500 600 700 800 900 1000 400 600 800 1000 1200 1400 1600
E_k [MeV] channel number #
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Energy resolution A0209 irradiated

from different sides

-’

Phoswich 209@ Photonis XP 3292B ETS/N 5757

662,00 4,00% irradiated LaBr3

1332,00 2,80% irradiated LaBr3

662,00 4,10% source in front of phos

1332,00 3,00% source in front of phos
irradiated Nal part, not irradiated Nal

662,00 9,20% colimated 8,90%part, collimated
irradiated Nal part, not irradiated Nal

1332,00 7,20% colimated 5,60%part, collimated
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A207 irradiated with different sides

—_

Phoswich 207 Photonis XP 32
662,00 3,90%rradiated LaBr3
1332,00 2,80%jrradiated LaBr3
662,00 4,00%source in front of phos
1332,00 2,90%source in front of phos
662,00 11,50%irradiated Nal part, colimated
1332,00 6,00%irradiated Nal part, colimated
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Test advaTech ET Enterprises PMTs
\

* There are presented time
resolutions obtained for
LaBr3 detector and also,
FWHM and BaF2 as
reference.

* The time resolution of the
LaBr3 detector with a ET
Enterprises PMTs is better
than obtained for the
detector with Photonis
XP3292B photomultiplier.
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Time resolution of LaBr3 scintillator

coupled with differnet PMTs

Detector type
BaF, PMT:XP2020Q HV 2200V
BaF2-BaF2
BaF2-BaF2

LaBr3 PMT:XP3292/B S/N: 5299HV=- 960V
LaBr3-BaF2

LaBr3-BaF2
LaBr3 PMT: 9815B S/N: 5759, HV=+1850 V
LaBr3-BaF2

LaBr3-BaF2

LaBr3 PMT: 9815B S/N: 5757, HV=+1850 V
LaBr3-BaF2

LaBr3 PMT: 9815B S/N: 5757, HV=-1850 V
LaBr3-BaF2

Source of y-rays

2Na, gate E >200 keV

22Na gamma E = 511 keV
60Co gate E >200 keV

60Co gate 1 MeV>E >1.5 MeV

22Na, gate E >200 keV

2Na gamma E~511 keV

60Co gate E >200 keV

6°Co gate 1 MeV>E >1.5 MeV

2Na, gate E >200 keV

2Na gamma E~511 keV

60Co gate E >200 keV

6°Co gate 1 MeV>E >1.5 MeV

2Na, gate E >200 keV

22Na gamma E~511 keV

60Co gate E >200 keV

6°Co gate 1 MeV>E >1.5 MeV

22Na, gate E >200 keV

22Na gamma E~511 keV

60Co gate E >200 keV

69Co gate 1 MeV>E >1.5 MeV
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PWO 302 under 6 MeV
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A302 with 6 MeV source
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A302 with R7723-100 PMT time

resolution

—_

60Co 1-1.5 MeV 0,590
60Co > 200 keV 0,500
22Na gate 511 keV 0,710

22Na> 200 keV 0,760
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centroid of 1172 keV 60Co line

centroid of 1172 keV 60Co line
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centroid of 1332 keV 60Co line

centroid of 1332 keV 60Co line
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Energy resolution for Labr3 counter

—_

LaBr; 2"x 2"x 2"

PMT type Photonis XP 3292/B ET S/N 5759 ET S/N 5757
FWHM % FWHM % FWHM %

662,00 3,63 4,11 4,48
1172,50 2,87

1332,50 2,81

511,00 4,22 4,80 5,12
122,50 9,09 9,31
867,00 3,71 4,30
344,30 5,57 5,75
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% pakly PHOTON ARRAY FORSTUDIES WITH RADIOACTIVE ION AND STABLE BEAMS

* PARIS —is intended for
SPIRAL2 as two shells
detector holds a
phoswiches with
LaBr3(Ce) and
Nal(Tl)scintillators
coupled with common
PMT.
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Phoswich A207

Phoswich with XP
3292B

PWO with ET 5759
in VME1

PWO with XP in
MCA

Condition FWHM (ns) FWHM (ns) FWHM [ns]
Phos-BaF2 LaBr3-BaF2 Phos@ET 5759

60Co without

gates

®0Co gate 1.1 -

1.4 MeV

22Na without

gates

22Na energy

gate on 511

sigm

0,150
0,300
0,260
0,350

0,70
0,60
0,96

0,84

FWHM
0,360
0,700
0,610
0,820
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0,66 0,700
0,46 0,360
0,73
0,82
0,67 0,610
Co60_1-1.5MeV

Co60 > 200keV
Na22 only 511 keV
Na22> 200keV



LaBr3 energy resolution for 37Cs

* The better result was
obtained for counter with
XP 3292B - Photonis
photomultiplier.

Name of PMT

XP3292/B
SN: 5299
9815B
SN: 5759
9815B
SN: 5757

42

e

HV

FWHM @
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FWHME @
662 keV [%]

3.6
4.1

4.5



