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IR QGoals:
A 10 kilo tonne Single Phase LArTPC = Jif o jmi:m:ig :Eg ﬁlgﬂ;/;\ellc;:ume
Modules

dRead out the pattern of ionization with sub cm
granularity
dSearch from MeV to GeV scale neutrino interactions

o

dThe X-ARAPUCA design makes use of
total internal reflection and highly

dConsiderations:

v'Constraint of the APA structure

v'Cost effective: large area light collector
minimizing photosensor coverage. /

: ) ticle _

rehf_lf?cgvehb?xestto _capture \(/jvatvelte_ngth W:;uidargon 048 SiPMs per Supercell

S I e PNotons to Improve aetection / \Scinti”ation v 6 SiPMs per PMB passively ganged SiPM mounting board

efficiency. / iight v'8 PMB actively ganged

127 nm

dKeys to an effective PD system in DUNE: N
v ff _ t . fVUV h t = t 350 nm \ Dichroic Filter 2 - PMVIB f

Efficient conversion o photons to _ gg\\\w LAr e/ RS 0192 SiPMs per PD module or

o AL WLS plate ' = — _ assive gangin

ca}ptured p_hotons. . “’L%// pLAtr 6‘( Yy | v'4 electronics readout channels . SeETE
v'High fraction of captured photons incident A Vs /288.000 SiPMs in total

on photosensors. - RGN |
v EffICIent. photose_nso_rs for converting Max nominal operating V=[50 V at cold]

photons into electric signals. ) e QTwo photosensor vendors are Dark count rate (DCR) <100 mHz/mm?2

| being investigated: Hamamatsu Correlated noise <35%
" X X 3 118mn ! .

gﬁgpl\?lgcdelljll-eé :esllzz:riius ]é%%Z fﬂg]x 23 ‘ (HPK) and FBK Time resolution <l ms

mm3 (bars c-onfiguration) ) SuperCell fm Cell v'6 types (splits) of 6x6 mm? SiPMs Thermal cycles >20

developed specifically for DUNE: 4

Recovery time t~afewms
A ; g : 28;77‘5" FIX (ilr?)%od_szQR/ HFQB'T(_ PDE at 87 K >35% at nominal OV
A S E S ool | . IMm pitch) an rom :
Bl T2 o] g —rsmz| | JSupercell test; 2-window supercell . . High level specs
e e LA | < " P (NUV HD LF singleftriple trench ) e
5 0% poions E s f s 1 tested. Dynamic range 1-2000 p.e.
0::225 E ::5 0.02;_ EJ)-286 _; DTest -On Iight CO“eCtion uniformity and S/N>4 Per Superce” (48 SlPMS)
oonst . t] s - efficiency. Trigger 1.5p.e.
02 e 0, 00020 oo om0 (] Test on different WLS plates: oL \
e v'Commercial (Elien 286) WLS plate, with : X 025 SiPMs of each type fully
: _EVZE@-T6C ][ FETE-2@ 185 °C | measured PDE of 2.8%. oE P characterized at single SIPM level:
241Am Sobe  1or|Swse wen | v'New WLS bars (FB118-2, Acrylic matrix, ; v'IV curve measurements at room T at 77
PO 675.9 £ 130.1 || PO 4744 £433 | | . . . . . .
o spectrum Pl R7iie7||PL 28264104 | higher efficiency) developed at MiB with e ] M o ml /K, _
o mgwrmo wow 0 PDE measured in same test stand 3.8%. T e gain, S/N and DCR measured (77K) at
P SM2iSOTIIED  ses1R8de. i OV to obtain 40%-45%-50% of PDE;
B T A N el - el x oK v'20 thermal cycles with controlled coolin
—rereme 1 U Supermodule test - After ko down and Wa?r/ming up; X
SR " pulses " :
o s e~ 4 ¥2supercelis (half supermodule) o Crosstalks o . v all measurements repeated after the
om0 e aees Y AllOW to test all the electrical boards for e % ok oo e x thermal stresses.
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i "  All splits fulfill DUNE specifications.
. . 0.005 ﬁx%ﬁﬁeﬂ}m
d Coating and assembly infrastructure are | Gl ————
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being completed

HPK HQR 75 pm

PDE Gain DCR Cross-talk After
(10°) (mHz/mm?) pulse
40

1250 SiIPMs per type in the DUNE SIPM
board tested at single SiPM level:
v'IV measurements for all SiPMs at room T

and 77K 3.73 57.54 6.62 0.86
v'20 thermal cycles with controlled cooling 45 429 04.97 8.97 110
dOWﬂ and Wal‘ming up. 50 5.44 66.32 10.96 1.30
v’ IV measurements repeated for all SiPMs
and complete characterization for 5%
sample per split. FBK Triple Trench
<Y QUsed to collect the signals of 48 SiPMs of a supercell Test with 48 SIPM In active ganging at
439 T into a single readout channel different OV per each split: test of S/N and
] ' 2 Qi signal shape. 40 4.73 80.79 13.76 2.85
! JEach channel reads out 48 6x6 mm<+ SiPMs — 60 nF
N P . . 45 6.01 86.33 15.67 3.25
total input capacitance. | - oo 1o ao e o
“~smml U1 channel per SuperCell, 4 channels per module, 6000 HJHPK HQR 75 pm and FBK Triple Trench | ' ' '
et channels in DUNE (1st module). down selected.
R dTwo-stage amplifier - SiGe bipolar transistor + fully
g T=77K :%j%:ii t differential op-amp.
— 3L _480ﬁ | . . . . . . . | |
SO ", fis,  HLow series noise is required — SiGe input transistor 03000(+1000) SiPMs FBK and 3000(+1000) SiPMs Hamamatsu.
2 gives 0.37 nV/VHz at cryo temperature.
s HLow power consumption (2 mW/channel) to prevent 0 Dedicated test stand for automatized IV curve and DCR measurements.
05 0.37 nV/VHz boiling of LA, \ /
/

Tested with all candidate SiPMs
El?ars?trjel\sl‘,ibnse: <100 ns rise time. “w: E DDAI.DI._INE (Detector electronic_s for
EIDynamiC range 2000 D.e. D'mé_ HPK HQR 75 pm T FBK Triple Trench ACC!UIFIHg PHotons from NEUtranS) e -
QGood S/N = 5-10 dependingon ¢ 45% PDE o Ao% PO design developed by the Mu2e redout. e et S-St
SiPM type and overvoltage — oaf- 3 .. N
Allows clear separation of T : ADAPHNE read-out boards:
photoelectron peaks (with 48 B T B e e e e s el v'40 channels per module; e s i . R
SiPMs in parallel). - o v Artix 7 FPGA,;
\E/ll’f\IIE’iS(I)-/I()QPRD?ES: - 506 - 6 o ﬂ HPK HOR 75 um E ol - FBK;lrrSi;OIeP'I;rEench v'14 bit ultrasound ADC; L | wl
VFBK Triple Trech: 7.16. e v Bias-Trim Voltage supply
" e v'Cold Electronics power supply +3V
ONext — Integration F " v'Gigabit link up to 6.6 Gb/s to
of all the cold parts I: J SN e FELIXDAQ/full-mode protocol
(SiPM+routing+cold amp+cable). ¥ DUNE Timing interface DAPHNE Scheme
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