Timing performance measurements

of the INO-ICAL Resistive Plate
Chamber (RPC) using Constant
Fraction Discriminator (CFD)



Importance of time resolution
for INO’s ICAL detector
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The motive of ICAL detector is to
solve some of the challenging
problems related to atmospheric
neutrinos.

Neutrino oscillations are one
among those problem.

Directionality is a major criterion to
solve such questions.

Time resolution is a key point.
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Errors in Timing measurement techniques
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* Itis concerned while measuring time
at constant threshold.
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* For two different signals with varying
amplitude, time signal generates at

different time. ta to
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* |tis electronic effect.

e With modified instruments it can be
reduced.

* No way to eliminate completely.
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-W. R. Leo, Techniques for nuclear and particle physics experiments



Technigues we used

Leading edge triggering (LED)

* Itis most widely used
triggering method for time
measurements in particle
physics experiments.

* Thesignal is generated at a
constant threshold.

* For small amplitudes this

method can give good results.
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Constant fraction
discriminator (CFD)

*i/p pulse splits into two: (a)

delayed signal, (b) attenuated

and inverted signal.

*The delay is adjusted in such

way that the peak of the

attenuated signal matches with

the constant fraction of the
inverted signal.

*The signal is generated at the

zero crossing of the sum.

Fig. 17.5. Technique for constant fraction trig-
gering. In order for this technique to work rise
times of all signals must be the same. The
dotted line shows the result with a different
rise time signal
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Resistive Plate Chambers (RPC)

Two 2 mm thick float glasses
separated by 2 mm spacers

Signal pickup strips
for X-Y readout

/

2 mm thick spacer

Glass plates

Graphite coating on the outer surfaces of glass
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CFD
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Time performance comparison
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LED
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Noise rate variation with time
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Noise rates as a function of threshold

[ noise wrt to time test strip | h2
Eniries 225
w 120 Mean x 226.2
- Meany 7442
= RMS x 1209
g 1o . RMSy 6535
3
o
&
PP PSP SPRTVIIEVG (YSPTOC POFRPOU LIVTVEIY] DYVTRCR LSOOI LOETEP] HETRON
50 100 150 200 250 300 350 400 450
time (mins)
-10 mV threshold
| noise wrt to time test strip | h2
Entries 370
o Mean x 3722
i 100— Mean y 50.87
» F RMS x 213
- MS 3.251
& 90| Sy
5 -
g -
& C
80— "
70—
C L] ®
go— @ S S e
- L) .' é e .
ol
L L L JETVT ) T KT o [ YT
100 200 300 400 500 600 800

time (mins)

-20 mV threshold

in CFD

frequency (Hz)

frequency (Hz)

noise wrt to time test strip | h2
Entries 410
Mean x 4122
80 Mean y 54.51
RMS x 2364
75 RMS y 2.524
S o s et s S 8 b s e e b e
100 200 300 400 500 600 700 800
time (mins)
-15 mV threshold
| noise wrt to time test strip | h2
Entries 386
390.2
44.56
2214
2.274
PRSP EEPRRTISPRSS ISR VSOV (AURYSVSPIAl SURTRPRII AYSUIRPE ST
100 200 300 400 500 600 800

time (mins)

-25 mV threshold

14




comparison

Type of triggermg | o (ns) Effictency of test strip (%) | Notse 1 test strip (Hz)
0%t | Pstrip | 20%stip | stp | 20%stip | 9" stip

Leading edge 168 189 |83 89.4 360.7+183.9 | 268.876.8

Constant fraction | 11§ | 157 | 7949 82.93 180172 | 528437
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conclusions

There is significant improvement in time resolution
by CFD

The noise level remains almost stable even with the
change in threshold in CFD

Our signals are of varying amplitude and rise time.
Hence LE is not a suitable option.

A CF technique with optimized delay, fraction and
threshold will be and ideal option.

Thank you |



