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Goal

Digital n-gamma discrimination

Compare classical methods (digitalized)

Impact of ADC characteristics

Especially interested in low energy
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Available equipment

NORDBALL BC501 detector
4ch 100 MHz 14 bit TNT2 FADC
BARTEK NDE202 PSD Unit
Cf-252 source
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S. E. Arnell, et. al, Nucl. Instr. and Meth. A 300 (1991) 303.
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1.3. TNT2 FADC

[ TNT cards | Oscillograms of card n%0016 | Energy histograms | Options |

‘ Detect TNT cards on BUS

‘ Card

IRES/LEPS [/IN2P3/CHRS TNT2-11/2004, aperating in |USE 2
SPARTANN.L.O - 03/2004
RTEX I:Minimal wersion W.0.1 FLASH - 09/2004 oo

Parameters of selected card 1/3 r Parameters 2/3 r Parameters 3/3 |

Cardversion:  Tnt2

Card inputs:
Caommon  Diff, ADC bus | Cain ahalog Offset | Kirk's phaser [Activate E calculation&r..]  Readout oscillogram Gutput
Input 1 B on [0-2Mev] | 24000 1 0-Card input L -
Input 2 B on [0-2Mev] | 24000 1 0-Card input 2 -
Input 3 B on [0-2Mev] | 24000 1 0-Card input 3 -
Input 4 B on [0-2Mev] | -24000 1 0-Card input 4 -
ADEE45-100MKz = 8065 939 YulikSs
Trigger : Acquisition mode : Others parameters
[Jintern Re-init counters @
C O ) Enable all 4 LYDS outputs
Dscillogram size:
Seuil Constamts  + slope Delay Gain Shift Mumber af D‘W =3ps a2 all & (LSS i
Acquisition stant synchronisa.,
S incl. bef. mgge@ =500 ns @ Master card
0 () Slawe card
O ADC dock - DDS:
) internal fwith FPGA 48 Mhz clock) Input frequency:
[[] Force trigger () external, to get on a dedicated NIM i ADC frequency: 100
), ¥ G E [MiMinpn 1 [+ @ internal with quartz 20 Mhz Dephasing o]
() external {TNT2-5YNC), serial bus DDSreset  []
1 external on LYDS input 1 - SOMhz Register: Value
I: Signal redirected on a dedicated NIM and LVDS out..
‘ Load parameters... | Save parameters... | Ask card | Update card

Management of acquisition data:

Save to file

Acquisition
Bytes received ©

@ Start all cards
Total bytes received
from all cards,

Selected card, on USE bus:

[ 214573200 || [00.36 MEfs]

214579200

Backup dirfhome/psoderst/TNT2/20070814/Calibration/PSD

=

‘ [k’c‘ Help

CAEN

SB connection to PC

Java interface

40 MHz analogue
bandwidth

+/- 0.62 V @ 50 ohm

100 MHz & 14 bits

In our experiment increased up to 300 MHz
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1. Base line fit separately for the three channels
2. Gain and time matching
3. Combining the graphs

Analog  Semi-Digital Digital
Z/C NDE202 Folding Int. rise time
Charge comp. - Slow GDM integral
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Digitally imitate the analogue Z/C
discrimination method

Starts with leading edge on shaped pulse

f()=p(t)xh(t)=2 p(T)h(t—T)

h (t)xh(t)xh (t)

h(t)=exp(—t/T)

l

G. Ranucci, Nucl. Instr. and Meth. A
354 (1995) 389.

D2

Fig. 9. The waveforms in the figure explain the principle of the zero crossing method, representing the scintillation pulse, its mathematical
integral, the output after the RC integration and the result after the CR differentiator.
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Digitally integrate the pulse and take
the rise time

Start on 10 % of max

In this case the optimal
Is found to be about

Amplitude [a.u.]

10 % - 72 %.
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Locate the start of the slow decay
component, and compare integrals

Starts by leading edge

-t
TTTTT

In this case:

Amplrtg.ltle [a.u]

Fast=0-33 ns

-
=
5

Slow = 33 — 283 ns

: * ;;' i

-3IIII III:IIIIIIIIIIIIIIIIIIIIIIIIEI‘IIII:

10800 8%0 900 950 1000 1050 1100 1150 1200
Time [ns]




ws 2.5, Gatti and De Martini integral

UNIVERSITET

Starts by leading edge

Integrate the entire pulse with a
suitable weight

s=[ p(t)w(t)dr
The optimal weight can be shown to be
w(t)=(n(t)=y ())/(n(t)+y (1))

E. Gatti, F. de Martini, in: Nuclear Electronics, Proceedings of International
Conference at Belgrade, Vol. I, IAEA, Vienna, 1962, p. 265.

P 3 I A AR A AR
100 200 300 400 500
t (ns)
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2. Fig
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2. Fig
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3.3. Different methods
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3.4. Reducing bits and

frequencies

*Reducing number of bits 14 -> ... -> 5

— Integer division on the datasets

*Reducing frequencies 300 -> ... -> 75

— Keeping every other, third, forth, point in the
dataset
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GDM less sensitive to reduction in bits
9 bits enough for the range up to 700 keV

14 bits
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keV
Bits Electron E Proton E
9 700 1650

10 1400 3200
11 2800 6600
12 5600 13200
13 11200 26200
14 22400 52500
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Rise less sensitive to reduction in frequencies
GDM not converged?

300 MHz
=150 MHz
-+ 100 MHz
—“*-75MHz

o C | | | | | | |
1] 100 200 300 400 500 600 700 nl I I-I||j;.|:l|I Iéuél Iégc;l I.:Imal ||50(||| Ién.aI Iilruél
E (keVee) E (keVee)

GDM Rise
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GDM not converged for frequency reduction

Increase the frequencies somehow.

Simulations? (Probably possible/needed only
for Charge Comparison)




Ao
s 9.1, SumMmary

UNIVERSITET

Methods for PSD in BC501 scintillator

— 2 x Charge comparison

— 3 x Zero Cross Over

«Impact of ACD properties on PSD
— 5-14 bits
— 75-300 MHz
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5.1. Conclusions

«Quite low sampling frequencies can be
tolerated if integrated rise time is used

— Still an open question at which frequency
and to what value the GDM converges.
Simulations?

Down to 9 bits can be used for a range of
up to 700 (~1700) keV electron (proton)
energy. 13 bits for up to 10 (~23) MeV.
GDM is less sensitive .



