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Crystal $cinﬁlla?r (eg. BGO, LYSO..)

r 1x1x40cm 3 ‘

\Photodefectors (eg. FPMT, SiPM...)/'

Incident
particles

« 4D Detector—x, y, z, t

« Usage of time information:
« Determine the incidence position by timing at two sides
« Figure out the development process of a shower, benefit to reconstruction
« Reject the background which are generated beyond the time window of some adjacent crystals

 Related factors: scintillation, photon transport, response of SiPM, electronics, timing method
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Definition of Time Resolution
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« 40 x1x 1 cm3BGO covered by ESR
« 4 x4 cm? plastic scintillator (coincidence)
« SiPM: C13360-3050SA, 3 x 3 mm? sensor size

« Cosmic ray samples

« 0.8ns sample rate
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Impact of PE Number
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« The time resolution gets better as the PE number increases. Because in one
event, the more PE number the waveform contains, the steeper the leading edge.

 In order to exclude the influence of energy change on time resolution. Set a cut
of about 0.65 MIP.
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Methods for Timing

» No fitting
» Leading edge fitting

« Function: (1—3‘

- Fit range: leading edge

» Waveform fitting

+ Function: (1- @) 7). ¢l

x—[0]

[1]

)'[2]

« Fit range: first fit the whole waveform, then fit

the leading edge with parameters [2], [3] and [4]

fixed
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Time Resolution vs. Fraction
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« Linear interpolation

« The time resolution changes with constant fraction
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Leading Edge Fitting YEZLE iRy

" SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute
I
0.020000
2000 ¥? I ndf 2.084e+05/94
- Prob 0
1800 — po 1452 + 0.001004 3
1600~ pt 41.43 £+ 0.4216 =
r p2 1515+ 0
1400—
1200—
1000—
800 — Lz
600 — L
400— -'—-_;___;—:
200 e L
s i e

1 1 | 1 1 1 | 1 1 | | 1 L 1 = o =
&DD 1600 1800 2000 2200 2400 2600 2800 3000

0.020000
2000~ 2 / ndf 2.084e+05 / 94 1.5 ; : : : : : :

: PrOb 0 I_ 1l t 1 L1 | 1 L1 l 1 L1 l | Ll t | | 1 i 1 1 ] i 1 1 1 i 1 1 1 i 1 | |
18001~ PO 1452 £ 0.001004 002 004 006 008 01 012 014 016 0.18
1600E- p1 41.43 +0.4216 Fraction [Max]

- p2 1515+ 0
1400 — ( _x—[o])

ool e « Fit function: \1 —e 11/ .[2]

10002— """""" . .

ook « Double fit, constrain the range of parameters
BDD:—

o 1.515
400:_ ® 6AT == W ns = 1 .O71nS

0% |14I60‘ I I14IE\CII I ‘15|00| I I15|.’2ClI I I15‘4(]I I I15I6CII — L\)\ 95 Z ig %E q:@ Z jE




YEREAE  AEMNET

Waveform fitting
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« The best result we can get is about %ns =

1.071ns(~17.8cm), by leading-edge-fitting.
We must constrain the parameters strictly

when using this method, or the failure rate
of fitting will be higher.

« In waveform-fitting, the fitting result is
relatively stable. However, due to the large
number of parameters fit range, the time
cost is much higher. It is also difficult to get

a similar result as the other two methods.




NDL EQRO06

o, [ns]

SiPM: NDL EQRO6, 6 um pixel, 3 x 3 mm? sensor size

Timing method:

« First set a threshold, then integrate the 2
channels until they are above the threshold. The

end point of integral is the time we want.
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Summary & Prospects

» Summary:

« Develop some timing methods to calculate time resolution of BGO crystal

bar. The best result is about %ns = 1.071ns.

» Prospects:
« Change to an oscilloscope with higher sample rate.
« Use SiPM with better time performance.

« Change energy and position of the incident particle to examine how

precise we can locate the hit position.
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Backup
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No fitting
2% ~ 18%
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Leading edge fitting
2% ~ 18%
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Waveform fitting
2% ~ 18%
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