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Imaging Atmospheric Cherenkov Telescope
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Introduction: SIPM devices for Imaging Atmospheric Cherenkov Telescope
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Introduction: SiPM Overvoltage and affects almost all relevant pat
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Introduction: Goal of this study
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Introduction: Goal of this study

Nwindow — €AMera entrance window transmissivity
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Is filter needed?

FACULTE DES SCIENCES @ UNIVERSITE 4

DEPARTEMENT DE PHYSIQUE NUCLEAIRE ET CORPUSCULAIRE DE GENEVE




Sim_telarray simulation:
» SiPM based LST camera with 7987 pixels[1] :

+  based on SST-1M [2] hexagonal pixels with light cones; *qé;
« Hamamatsu S13360 LCT5 device with 50 x 50 um? IS o E Yy
+ FBK NUV-HD with 40 x 40 um? b E -
* Pulse template from the nominal LST configuration; . ""_',"‘, Sjmm o
- Entrance windows: Torat)
- LST standard without filter (w/o) i I ﬁ < :
. SST-1M with (/) g
« Light Emission package (flasher) was used; ;__‘8 :
e Cherenkov spectrum — light wavelength o T T = 10

[1] see M. Heller “Development of an advanced SiPM camera for the Large Size Telescope of the Cherenkov

e 10k events per ||ght intensity Telescope Array Observatory”
[2] Heller M., et al., 2017, The European Physical Journal C, 77, 47
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Sim_telarray simulation: | Pxi
15 c_onf|gurat|ons were stud|ed Photo detector | Window Parameter 5 [%] ‘ 8 [%] | 15 [%] | 25 (%]
S PDE . [%)] 35 | 47 | 53 54
" 8wiofilter: NSB 26133 | 386 | 424 | 4377
* 4forLCTS @ Py1=5,8,15,25% without [MHz/pixel] - } -
_ filter cum. NSB [%] 483 | 683 | 857 | 885
 3for NUV-HD @ Py;=8,15,25% ,¢ys efficiency | Cherenkov %] | 16.87 | 21.61 | 24.98 | 25.76
e 1 forPMT [MI—II\S[IJ}MCI] 734 | 1076 | 109 | 1103
o 7 wl/ filter: with filter — NSB [%] 135 | 21 | 269 | 276
° 4 for LCT5 @ PXT ] 5’ 8, 15’ 25 % efficiency | Cherenkov [%] | 11.24 | 14.15 | 16.1 16.53
“vax 1% 40 | 49 52
« 3 for NUV-HD @ Py, = 8, 15, 25 % PDEua Lol
- . , 1604 | 224 | 2714
» NSB calculated for Dark Night without [MHz/pixel]
filter cum. NSB [%] 32 | 455 | 553
. L. NUV —HD efficiency | Cherenkov [%] 147 | 1899 | 21.64
Cumulative efficiency: A = 300 =+ 1000 nm. NSB 51| w8 | oun
Includes: with filter |——— [MHZIP;‘,ZE 0 1 IHT 1;7 1 s
* PDEwvs. A; efficiency | Cherenkov [%] 11.03 | 139 | 15.46
 Filter transmissivity vs. A; PDEpax [:ﬂn 3
* Fill-factor of 91.94%; PMT | without [MHa/pixel] 2458
« Funnel transmissivity of 88.55%; fiter | cum. | NSB [%] Lol
efficiency | Cherenkov [%] 14.67

» Spectrum weighted average reflectivity of 92.94%;
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Charge resolution calculation:
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Sim_telarray simulation validation

Experimental set-up: LCT2 PMMA, NSB = 245.8 MHz
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Good agreement between experimental results and simulation was found
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Results: light intensity/mm?

PMT:

PMT & SiPM @ Pxr = 15%
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Light Intensity, p.e.

e SiPM =4.67 cm?,
e PMT = 16.24 cm?
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PMT & SiPM @ Pxr = 15%

o LCT5, Pxr = 15 %, wio filter, NSB = 424 MHz

o LCTS, Py = 15 %, wi/ filter, NSB = 109 MHz
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Results: QR vs. p.e./mm?

PMT & SiPM @ Pxr=15%

10t
" e LCT5, Pir= 15 %, wjo filter, NSB = 424 MHz
Ghe o wmee=swwieiss=0omi: | Independent of SiPM device and P, filter:
® NUV-HD, Pxr = 15 %, w/o filter, NSB = 224 MHz
® NUV-HD, Px7 = 15 %, w/ filter, NSB = 83.8 MHz
;-D' sl | & PMT, wofiter, NSB = 245.8 Mz o |mproveS QR p.e. < 10 (1p_e_/mm2),
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Results: QR vs. ¥/mm?

Independent of SIPM device and P,;:
PMT & SiPM @ Pxr=15%

o LCTS, P =15 %, wio filter, NSB = 424 MHz e PMTs are close to SiPM w/ filter due to

s LCTS, Pxy = 15 %, w/ filter, NSB = 109 MHz
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Conclusions:
5 configurations (over 15 tested) full-fill

101 s MNUW-HD, Pir = 15 %, wjo filter, NSB = 224 MHz *
"'h._h_h MUW-HD, Pxr = 25 %, wjo filter, NSB = 271.4 MHz
e Tl e LCTS, Por= B %, w/o filter, NSB = 386 Mz CTA requirements:
100 “-—..‘ .-.“"-.._ @ LCTS, Per =15 %, wio filter, NSB = 424 MHz
—— - @ LCTS, Py = 25 %, wjo filter, N5B = 437.7 MHz
x R i e o LCT5@ Py; = 8%
_‘-“"""--L___“H ‘;::‘ﬁ;_h_h-
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