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in width
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waste

SMELTED POWDER

PRESSED AND 
waste

POWDER
(or waste)

MONOCRYSTAL

L ~ 50−1500 mm

METALLIC

FOILS

44 to 63 microns
thickness of

in width
 70 to 90 mm

waste
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100
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o

6.2 g Mo metal powder + 2 mg Ba in Teflon beaker

Heat and Mo dissolves

Vacuum assisted filtration

Pure Mo

250  C + He

Mo precipitates as MoO

O 

Increase heat to raise acidity and reduce volume

Furnace

o850  C + H2

3

32600 ml ultra pure H  O and 200 ml Q.D. HNO 

2Rinse with ulra pure H  
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R7 R8 R9 R10 R11 R12 R13 R14 R15

R
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R
16

R
18

R
19

C C

R
20

R
21

R
23

R24

R
25

ou 10.5
7 ou 8.5

R22

   Rbase

R
1

R
2

R
3

R
4

R
5

R
6

R7 R8 R9 R10 R11 R12 R13 R14 R15 R16

R
17

R
18

R
19

R22

R
23

R
21

   Rbase

R20

��
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1 nF / 2 kV put on
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�
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��
��
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��
��

��

�
�
�

�
�
�

�
�
�
�

R1 = R3 = R4 = R5 = R14 = 402 k

R2 = R13 = R16 = R17 = R19 = R21 = R22 = 301 k

R5 = R6 = R9 = R10 = R11 = 200 k

R8 = 324 k R12 = 237 k

R15 = R18 = 475 k

R20 = R24 = 49.9 

R23 = R25 = 10 k

Ω

Ω

Ω

ΩΩ

Ω

Ω

Ω

K G D1 D2 D3 D4 D5 D6 D7 D8 D9

Sh

D10 D11 D12

C

C

A

Signal

0 1 1.6 1 1 1 1.2 1.5 2 2.4 3 33.9

C1

Eurofarad capacitors

C = 22 nF / 250 V

C1 = 3.3 nF / 2 kV    

type SP1792

type SP2488

with R3
with R3 and R4
with R3, R4 and R5

Ω
Ω
Ω= 6628 k

= 6226 k
= 5925 k

a)  Base for 3’’ Hamamatsu R6091 PMT

HV

HV decoupling capacitor

acquisition board

K D1 F1

C

1
F3 F2 D2 D3 D4 D5 D6 D7 D8 D9

C

C

A

C

D10

Signal

C1

2.432.11.51.2111.50.850.1700.188 ou 10.5
ou 12.5

Bourns resistors type CR1206−FX Eurofarad capacitors

C = 22 nF / 250 V

C1 = 3.3 nF / 2 kV    type SP2488

type SP1792

= 4784.7 k
= 5283.7 k
= 5685.7 k Ω

Ω
Ω with R3

with R3 and R4
with R3, R4 and R5

b)  Base for 5’’ Hamamatsu R6594 PMT

R1 = R3 = R4 = R5 = R6 = 402 k Ω

R2 = 499 kΩ R7 = 35.7 kΩ

R8 = 169 kΩR8 = 34 kΩ

R10 = R15 = R17 = R18 = 301 kΩ

R11 = R12 = R13 = 200 kΩ

R14 = 237 kΩ R16 = 422 kΩ

R19 = R22 = 49.9 Ω

R20 = 475 kΩ

R21 = R23 = 10 kΩ

HV
HV decoupling capacitor

acquisition board

Bourns resistors type CR1206−FX
1 nF / 2 kV put on
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HIGH CATHODE TIME
1 G

eiger cell

 
lo

w
 c

at
ho

de
an

od
e

hi
gh

 c
at

ho
de

signal

signal

signal

board
40 cells

8 boards/sector

Acquisition

ALPHA TIME

HV
2 boards

Distribution
board
40 cells

8 boards/sector

board
10 analog ASIC
10 digital ASICanode

low cathode

high cathode

1 HV for internal layers
2 HV for external layers

ANODE TIME
LOW CATHODE TIME

���� @'SQ a #	�$A�� �
�
$��	 �8��
� 
�
$�	��$�'

4 channels/ASIC
numeric part : 4 channels/ASIC

12

12

12

12

analog part 

to trigger
amplif. compar.

start

stop LC
stop HC

1 channel
anode
stop LC
stop HC

39 other cells

anode (12 bits)

low cathode (12 bits)

high cathode (12 bits)

alpha (17 bits)

timeout (14 bits)

counting

coherence
control

anode tests
cathodes’ tests
threshold

control tests

stop timeout

channel
 RAZ

commands

numeric part : 10 ASICs/boardanalog part : 
10 ASICs/board

VME bus VME interface

VME board
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α
TTL, DIF TTL and FAN−OUT

INTERFACE   (x 8)

TTL DIF
signals

GG

STOP α

STOP 

Corbo PMT

3 nim

Trigger

3 nim

3 nim

40

(analog signals)
current detection

DecLaser

laser test mode
physical mode

TM nim

BUSY GG

INT−GG

fan

out

(x 3)

inhibit
inhibit
raz−

T
2

hitE
hitI

D
2 (19...0)
IC

2 V
D

2
D

1 (19...0)
IC

1 V
D

1

raz−
T

2

IC
2 V

D
2

D
2 (19...0)

hitE

inhibit

STOP A Start−Mesure
Trigger

Corbo GG

VME order

TTL DIF
360 hits

180 hits

Raz−GG

signals
distribution

180 hits

STOP A Start−Mesure
Trigger

TRIGGER 1−3

TRIGGER 2I

TRIGGER 2E

si
gn

al
s 

dr
iv

in
g 

by
 in

te
rc

on
ne

ct
io

n 
bu

se
s

INT−PMT
OR−PMT

PMT

Raz−PMT

STOP−PMT

BUSY PMT

INT−PMT

and

GG

acquisition

and

event

builder

PMT 

���� @'SX a �*
	*
H �& ��
 ���� @ �	��
	 �8��
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(step 1)

9 bits word 0 0 1 0 0 1 1 0 1

1 1 0 0 1 0TRACE1

MULT0−3HIT

MEM−1
Memory
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101

(step 2)

0OUTER INNER

half−sector N half−sector N+1

(step 1)

MEM−2
Memory

0 0 1100 0 0

MEM−1
Memory

ICTRACE2

VD

11

8 bits word

0

���� @'T� a ���6��	���� �& ��
 ������ �	���$
� � 
2� �& ����& �
��	
� 9 $	
���� �& ��

@-��� H�	� �
	 ����$���� �& �H� ���&-�
$��	�' G
	
 � �	
�
��
� �� 
2����
 &�	 �	��
	 ����
	
���^�L! H�
	
 �� ����� ����
	� $��6��	���� � 	
$����
� � ���&-�
$��	 ;�< ��� �� �����
����
	� $��6��	���� � 	
$����
� � ���&-�
$��	 ;�dL<' #��� �� �� � �$�*��
� � 
2� �&����
&! �
$���
 �� ;��
	
����< �	�$A ��� �

� �
��6
� � ��
�
 �H� ��+�$
�� ���&-�
$��	�' ���
 ����
�� �	 � ��� �$�*��
�! �
���� ���� $��$�
�$
 �
�H

� �	
-�	�$A� ��� 6	
� ,�# �	
 	
"�	
�
&�	 *������� �& ��
 ��	� �
*
� #@ B�

 �
$��� @'@'�C'



�7� -��$�	��# ��	 � "2 �$� ���� � ������"� ���

µ

20 ns

STOP−PMT

(if MULT > MULT−Threshold, if not automatic

reset after 330 ns)

Trigger PMT and
Trigger GG if 
Geiger activation

STOP−α

µ710   s

6.14   s

filtered by programmable memories)

START−MEASUREMENT

STOP−A

(if Geiger activation, if not automatic

+ GG reset
(+PMT reset)

GG digitization

µtime−out 102   s after                 signal) STOP−A 

T1 Level Trigger Activation (PMT)

T2 Level Trigger Activation (Geiger)

PMT digitization

(if Geiger activation)

(40 analog signals)

OR−PMT

(360 GG hit signals

Geiger activation
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CAEbus

Serial RS232 connections

Serial RS485 connections

CAEnet

CCIN2P3
ethernet

Samba server

PC / NT
with

Labview

PMT and GG HV
Wiener crates
Gas plunger
Gas + GG crates

local and remote control
survey
updating

local ethernet
LSMAS1/Unix

with
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Tb = it1botg
Th = it2topg
T   = islotdcgα

Ta = ifastdcg
Tb = it1botg
Th = it2topg
T   = islotdcgα

Ta = ifastdcg
Tb = it1botg
Th = it2topg
T   = islotdcgα

Ta = ifastdcg
Tb = it1botg
Th = it2topg
T   = islotdcgα

Τα (17bits) = Ta(12bits)

Ta = ifastdcg

Th = it2topg = Stop−Meas − Anode = 0

Acquisition

Anode 

Stop−A 

α

T   = islotdcgα = 0

Ta = ifastdcg = Stop−A − Anode

T   = islotdcgα = 0

Ta = ifastdcg =  Stop−A − Anode

T   = islotdcgα = 0

Ta = ifastdcg =  Stop−A − Anode

Description of anode, cathode and alpha times

PMT trigger

Low cathode 

High cathode

Alpha meas. Fixed delay of 710 microseconds

Beta−type event description Stop−Meas

Alpha−type event description

T   = islotdcgα = 0

Ta = ifastdcg =  Stop−A − Anode
Tb = it1botg =    Low Cath. − Anode
Th = it2topg =    High Cath. − Anode

Tb = it1botg =  Low Cath. − Anode

Th = it2topg   = High Cath. − Anode

Ta = ifastdcg = Stop−Meas − Anode (12bits)
Tb = it1botg  = Low Cath. − Anode
Th = it2topg  = High Cath. − Anode
T   = islotdcg = Stop−Meas − Anode (17bits)

Trigger PMT trigger + layers of fired Geiger cells

trigger given by the number of fired PMTs

Start beta acquisition waiting for PMT anf Geiger cell signals

6.14 microsecondes (307 channels) after Trigger

Beta measurement allowed Delayed alpha measurement allowed

a) Beta event status 1

b) Beta event status 3

c) Beta event status 5

d) Beta event status 7

e) Delayed alpha event status 1

Alpha time inhibition

Alpha time inhibition

Alpha time inhibition

Alpha time inhibition

Th = it2topg =  Stop−Meas − Anode = 0

Tb = it1botg   = Stop−Meas − Anode = 0

Tb = it1botg = Stop−Meas − Anode = 0
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Electron energy (in MeV)
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SPVF 99 - RQRPA avec gpp=1 et gA=1.25
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