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1. The existing developments at NIM

O Digitizer used for radionuclide metrology

® Data acquisition(DAQ)- CAEN digitizer

730S Digitizer Family
14-bit @ 500 MS/s
8 /16 Channels

® Associated software-Software based circuits & Analysis software
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1. The existing developments at NIM

O Digitizer used for radionuclide metrology

® TDCR application
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1. The existing developments at NIM

O Digitizer used for radionuclide metrology

® 4xaB(LS)-y DCC application

DCC software

Software-based circuits

Dead time and resolving
time correction

Efficiency extrapolation

TDCR counter

Nal(Tl)

detector
Lead
sh'le|di“g
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1st version software
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1. The existing developments at NIM

O Digitizer used for radionuclide metrology

® Selective sampling method application
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2. Some considerations about digital electronics for SIRTI

O 2.1 Dead-time processing

® MTR2: Extendible dead-time & live-time method

EXTENDIBLE L— 4 P

T o
IN > | DISCRIM. OR | PULSE  ppppR —
. DEAD-TIME S SHAPER => COUNT
CLOCK . PULSE t 5.4 |  PULSE LIVE TIME
. B X ““AND - SHAPER
(F) . ' —] ; =
SHAPER it BUFFER (F)
IN I'_I* < after pulses
D.T. ;
trigger 4 4 T o :
5 57T |
DEAD-TIME : EA | ik i
:minim. dead-time: : : : : :
COUNT ﬂ end of extended dead-time —>

LIVE-TIME
(F) :

dead-time measured

| |

Extendible dead-time

:

An external clock-pulse
generator is only required

ol

Live-time method
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2. Some

considerations about digital electronics for SIRTI

O 2.1 Dead-time processing

® MTR2: Special features

DT.
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DEAD-TIVE | : N N ,
 minim. dead-time: ;@ or iR | T
COUNT ﬂ end Df.extended dead-time —b‘ — : : lr
LIVE-TIME LIVE-TIME ( F* ) ; ; i
(F) = ) g _
I—! dead-time measured 1——| COUNT
* dead-time is not only triggered by  Adouble threshold system has
the leading edge but also by the been implemented

trailing edge of the incoming pulse
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2. Some considerations about digital electronics for SIRTI

O 2.1 Dead-time processing

® CAEN digitizer: list mode data & software processing

BOARD ; CHANNEL ; TIMETAG ; ENERGY ; ENERGYSHORT ; FLAGS p R

2406303749 ;4
43922782374 ;
166038797312;
596359591374 ;
607616806067 ;

883314405663 ;
1040260911678
1096681713029
1159758417662
1166575378370
1178534583513
1482371707523
1714611480273
1747076108155
1794617725576
2034473937529
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13837 0=x4000
;0;0;0x4000
;40952047 ; 0x4080

list mode data file

timestamps

+T->-

Extendable
dead time T
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Extendible dead-time processing logic
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2. Some considerations about digital electronics for SIRTI

O 2.2 Pile-up management

® SIRTI: No pile-up rejector in amplifier (ORTEC 590A)

/ MTR2
U 7 |dead time
Iﬁﬁue unip. |, settmg NIM
| o scalers
.. | threshold
| £ settings
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_ )
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HV
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¥ ) *in
pocket MCA 4—'gate out
’ Gate and
delay gen.
R5232
| PC |-g
_J GPIB/USB

Figure 4: Block diagram of the SIRTI.

Pile-up rejector is incorporated in
the amplifier to suppress the
spectral distortion, which s
caused by pulses piling up on
each other at high counting rates
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2. Some considerations about digital electronics for SIRTI

O 2.2 Pile-up management

® CAEN digitizer: optional

Disable Good for counting
* Considered as a single “event”, and
flags that event as “pile-up”

 The plie-up events can be rejected
at software level

Enable Good for energy spectrum

* The plie-up events are rejected at
board level

720, 725, and 730 series with DPP-PSD firmware
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2. Some considerations about digital electronics for SIRTI

O 2.2 Pile-up management

® CAEN digitizer: optional

» Possible solutions for both counting and energy spectrum

(D Disable the pile-up rejection

(2 Filter events at the software level
for subsequent applications

e For counting: all events in the list-
mode data file

* For energy spectrum: filter events

without pile-up flags

BOARD ; CHANNEL ; TIMETAG ; ENERGY ; ENERGYSHORT ; FLAGS
0;0;2406303749 ;4095 ; 0; 0x4080
0;0;43922782374;1;0; 0x4000
0:0;166038797312;0;0;0x4000
0;0;596359591374:4;4 ;024000
0;0;607616806067 ;41 ;37
0;0;651180316577;0;0;0x4000
0;0;883314403663; 16 15; 0x4000
0;0;1040260911678; 24 ;23 ; 0x4000
0;0;1096681713029; 4095 ; 2047 ; 0x4080
0;0;1159758417662; 4095 ; 2047
0;0;1166575378370;0;0;0x4000

0;0; 1178534583515 4095 ;2047 {0x8000]
0;0;1482371707523;0;0; 0x4000
0;0;1714611480273; 4095 ; 2047 ; 0x4080
0;0; 1747076108155 ; 38 ; 37; 0x4000
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2.3 Examples-count rate correction

® Co0-60 measured by Nal(TI) Digitizer + Dedicated software
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2.3 Examples-count rate correction

® Co0-60 measured by Nal(TI)

0 500

0 500

Digitizer + Dedicated software

Extendable dead-time
] { . imposed by software

Dead time changed
from 10 ps to 3000 us

1000 1500 2000 2500 3000

For the calculation of the
o . ~ relative deviation, the
| reference pointis50 us
1000 1500 2000 2500 3000
Dead time (us)
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2.3 Examples-count rate correction

RD%

® Co0-60 measured by Nal(TI)

$

¢ ¢ 3 3 }
‘ T T T | T
40 60 80 100
*
= * R
* @
I T T T T T
40 60 80 100

Dead time/Total time (%)

Digitizer + Dedicated software

Extendable dead-time
imposed by software

Dead time ratio changed
from 0.6% to 98%

For the calculation of the
relative deviation, the
reference pointis 50 s
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2.3 Examples-count rate correction

® (Cs-134 measured by Proportional counter Digitizer + Dedicated software
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® (Cs-134 measured by Proportional counter

Count rate (s™)

RD%
|1 |
cooooooo000
OO U WN—O DD

2.3 Examples-count rate correction

¢
[ T [ T |
500 1000 1500
L
*
L 4
L 2
¢
I - ¢ ‘ |
500 1000 1500

Dead time (us)

Digitizer + Dedicated software

Extendable dead-time
imposed by software

Dead time changed
from 10 ps to 1500 us

For the calculation of
the relative deviation,
the reference point is
50us
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2.3 Examples-count rate correction

® (Cs-134 measured by Proportional counter

Digitizer + Dedicated software

’I; 3920 - Extendable dead-time
% 3900 s g8 @ ; I imposed by software
€ 3880 ii%
-] i
(@]
O 3860 - {
| | | | ‘ | Dead time ratio changed
0 20 40 60 80 100 from 3.8% t0 99.7%

0. 2

0.1

0.0 ®oo o S

=) —0.1- *

N . For the calculation of the
047 ’. relative deviation, the

0.6 - reference pointis 50 us

0.7 *

-0.8 T \ | T ‘ T

0 20 40 60 80 100
Dead time/Total time (%)
oo T E 1T B 13 2 81 5% 2
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2.3 Examples-count rate correction

® Digitizer + Dedicated software

Proportional counter for Cs-134

ti1 g

Count rate (s™)

RD%

Dead time/Total time (%)

Extendable dead-time
imposed by software

Dead time ratio changed
from 3.8% to 80%

For the calculation of the
relative deviation, the
reference pointis 50 i s
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2.3 Examples-count rate correction

® Digitizer + Dedicated software

* The current tests are not sufficient, high count rate
tests need to be carried out.

* For example, measuring a strong **™Tc source and
looking for deviations from the exponential decay law.
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