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Photo-detection device time jitter

SiPMs and XP2020 tubes have a similar time jitter per photo-electron:
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600ps FWHM or 0~250ps

This effect was included by dividing the energy in every 100ps bin into
1 photo-electron pieces and then shifting each randomly by a time with
this o. The overall effect was small.

(A trial with a x10 worse jitter was done resulting in slightly less than a factor of 2 worse resolution.)

== Electrical and optical characteristics (Typ. Ta=25 °C, unless otherwise noted)

$10362-33

510931

Parameter Symbol  ™ogsc | -0s0c | -10oc | -025p | -050p | -100 unit
Fill factor *! - 30.8 61.5 78.5 30.8 61.5 78.5 %
Spectral response range A 320 to 900 320 to 900 nm
Peak sensitivity wavelength “p 440 440 nm
Operating voltage range - 70 + 10 *2 70 + 10 *2 v
Dark count *? - 6 8 - 6 8 Mcps
Dark count Max. *3 - 8 10 | 12 8 10 12 Mcps
Terminal capacitance Ct 320 320 pF
Time resolution (FWHM) ** - 500 to 600 C500t0 600 )
Temperature coefficient of
reveffe voltage 36 56 mV/°C
Gain M 2.75 x 10° 7.5 x 10° | 2.4 x 10° [2.75 x 10% 7.5 x 10° | 2.4 x 10°

*1: Ratio of the active area of a pixel to the entire area of the pixel
*2: For the recommended operating voltage of each product, refer to the data attached to each product.

*3: 0.5 p.e. (threshold level)
*4: Single photon level

Note: Each value was measured at recommended operating voltage.
The last letter of each type number indicates package materials (C: ceramic, P: SMD).



Simulation to mimic 2006 Beam Test

To tie the current M.C. technique
L — into the results of the 2006 beam
test, a set of data was produced
with photons in the range:
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150MeV - 650MeV
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At normal incidence to the center
of the BCAL module.
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Segmentation to match 2006 Beam Test A Segmentatlon WaS Chosen that
matched that of the 2006 beam
test (see plots to the left).

yBeam
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Comparison to 2006 Beam Test

August 31, 2011 DL August 31, 2011 DL
svn revsion 8126 svn revsion 8126

6=90° (center of module) ; 150<E,<650MeV 6=90° (center of module) ; 150<E,<650MeV

2006 Beam Test conditions  threshold=44.7mV 2006 Beam Test conditions  threshold=44.7mV
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NIM A596, 327(2008) reported 70ps/sqrt(E)
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Uncertalnty dependence on Energy
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Fig. 15. The time difference resolution, in nanoseconds, for segments 7, 8, 9 and 10
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Summary

* Time jitter effect added to simulation

« Data set and segmentation generated to
match (reasonably close) 2006 beam test
conditions
— 64ps/sqgrt(E) MC
— 70ps/sqrt(E) beam test data

« 20-30% improvement in timing resolution
seen for “1234" segmentation scheme
relative to “334" segmentation scheme



