DEEP UNDERGROUND NEUTRINO EXPERIMENT

Status of Photon Detection System in
ProtoDUNE-DP and First Light Data

Clara Cuesta on behalf of the CIEMAT team
July, 30" 2019
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Photon Detectlon System (PDS)

o

o B S A A v’ 36 8" cryogenic

oy OFY ey o

photomultipliers
(PMTs) fully

characterized
JINST 13 (2018) T10006

v Wavelength-shifter:
PEN /TPB coating on
PMT

v" Voltage divider base +
single HV-signal cable +
splitter (external)

v' Light calibration
system: LED & fiber

based
JINST 14 (2019) To4001

v' DAQ system (external)
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https://iopscience.iop.org/article/10.1088/1748-0221/13/10/T10006/meta
https://iopscience.iop.org/article/10.1088/1748-0221/14/04/T04001/meta

ProtoDUNE-DP Status

070472019 11:10"31
np0Z=cam-010

LAr filling on-going

o FromJuly 5to August 5

PMTs covered by LAr on July 8
4.7 m of LAron July 30
Constant monitoring

07,08,2019) 08:25::35
np02=canz010

©)
©)
©)
©)

No issues so far

07,11,2019.09:10::28
np0Z2=can-010F ==
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PDS Layout
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Light DAQ

36 x PMTs

36 x Optical Fibres

Reference sensor Signal

Calibration Trigger

36 x HV — Signal 36 x PMT Signals
splitters
Global DAQ
Global Trigger out
Trigger | Trigger i LRO Front End
Computer CAEN V1740
HV Power l
Supp"es WR Grand
Master
Switch
White Rabbit timing
Slow Control
SCADA Data

(WinCC)

LCS black-box
LEDs

Commands |8

LRO Computer EOS Storage

Calibration

The LRO computer runs MIDAS SW as interface for control and data read-out from
the V1740 ADC. It performs the control and data acquisition for PMTs calibration and

light signals acquisition.
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Status:

- Calibration running.

- Acquisition with random
trigger working

- Working on the PMT

il henee i@ "o g trigger mode: coincidence

' | of selectable PMTs signals
over a threshold.

- Working on
communication with the
slow control for
controlling the power

supply.

Light DAQ

Next steps:

- Integration with global
DAQ trigger & timing
(August 2019)

HV Splitters Power supply and ADC
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Light Calibration System

Status:

- LED & fiber based:
JINST 14 (2019) To4001

- Calibration hardware and
software running.

- Taken first calibration
runs at GAr (June) and

LAr (July 2019)

Light Box Configuration

Light Source Contro

E Next steps:
* Testupper
Numberolgevems 15017 aov & L;m 100000 fi b e rS
Light box e (diffuse light
from top)

Fibers

Light source control program
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/T04001/meta

Light Calibration System

3 Status:
° PMTs calibrated in ProtoDUNE-DP
o Room temperature (GAr)
I T o LArtemperature
- “| « HVsetto all 36 PMTs to operate at
.............................................................................................................................. 107 gain
G vsV for36 PMTs in LAr
e [t Room temperature (June 2019) |... T
10 . LAr temperature (July 2019) L Jﬂ /M J@ a J_’
1100 1200 1300 1400 1500 1600 1700 1800 :
High voltage (V) 3‘ / 5 J —_ = J : J
Example: G vs V for one PMT in GAr and LAr
Nextsteps: | g 7 J J /
Periodic calibrations — monitor gain [ ‘” I /
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First Light Data

Data taken: “3:: ( Example: PMT event in GAr
* GArand LAr scintillation 53,63
light w/o field e Example: PMT event in LAr
» Trigger: 2 )
-« Random trigger i 2 WWHNM e
: B e
« PMT trigger | g
* AllPMTs are operative s
* Low noise: <1 ADC count pedestal STD 3
:%0" 3840f—
3820;
10°g 3800:—...\.H|‘..|.‘.m..|.‘.m.‘|‘.‘><104
0 2 4 6 8 10 12 14
Time (s)
10° Working on:
- * Optimum trigger
10 2

it ﬂl configuration: different
i ]I ﬂﬂ MM& ST ETD configurations and thresholds
to be tested

Pedestal STD (ADC)
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First Light Data

Event example 1: All 36 PMTs detect a light signal at the same time (PMT trigger — run 466)
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First Light Data

Event example 2: All 36 PMTs detect a light signal at the same time (PMT trigger — run466)
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First Light Data

Average waveform for one PMT (PMT trigger)
Run283_ch0_FA0114_1237V_ScintProf

2/ ndf = 105.9 / 1367

0%
<

10%4 %

R e 9.7046-09 }2.270e—10
L Ay 3.7@_301&07

AL 6 + W 756007
: b 043

] Ped

0.145 + 0.020
t, 3.001e-06 + 3.247e-10

e-07 + 4.782e-09
ow  2.433e-05 + 2.247e-07

Taow  1.267e-06+ 1.574e-08

Working on:
* Average waveform to
estimate purity

Next steps:
* Drift field HV scanning
* LEMHYV scanning

* Charge-light matched data
* Charge data taking with light

trigger /

—6
x10 %
74 %
4 6 8 /Z/ £
. 4 2 ///////
Time (s) /////////%4///// 5
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Summary

D king in .
PDS atataking Data taking in
. . GArand LAr .
installation . LArw field
w/o field
Completed August 2019
June-July 2019
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PDS Layout

| [l | | \‘
S: splitter
1 B_c:PMT cable |
w BC: base cable
& F:22.5m-fiber
__| .= BF: bundle-fiber
) Colored: TPB Rr —
(=) 2
= y
ML [ -
L [
—,& CRP — S — — CRP . —
#2 #1
|| [ | BC.A7 | B |
1] | B
4 | Jf — 1
6x TPB %
S|
coated PMTs e | A= A A
EEENE W mC6 N EEEER EEEEEER EEEEEEEEER
| | | ] I || 52.41 2 | | | | -
Br6.cM N ..\
5 10 20 - L21 24 33
\:I o |
— |
5-12 S_s AO 0 n
c.22 c.18 u
BC.27 000 _BC.33 | | |
F6 — F6 = —— X Fuf R — Tre—7 AO 25
BF6.3 6 BF-G-‘] 1 - 'e | 2
N
fiar | — (T e Tsma < — =
ihaw 51 s.2 = s.zq [ 48
Cc.29 fiber
c.27 C.32 - BCAS C.10 "
0OX P E N | T BGC.24 | BC.10 || Lrs iy - BC.31 A. L.
3 1 > F7 st4- (TR7— T 3= ¢ s.36’ F3—
7 BF.7.4 e C.31 BF7.2 (Im BE3T  c.9 e BF.3.4 36
sheet PMTs | il () . |
‘ 3 St FA0149 S=Y s femd gt = Rl K P FAQ116 2QT s
-y - 7. -3, ; [ st
dor P BF7.5 . BF3.5 peypid
J L BC.39 S.13, 3 S.20 ggﬂ) :
“*fibers: 586&7 F7 cs [ c.13 BEaa| fibers: 2&38&4
| | | | BF.7.3 BC.37 BC.21 e
F7 | F3 Or
] — | BF7.6 BF3.6 1 T T i

ox trigger groups
(preliminary)

. [T
Tcables: 2,9,10,12,13,15,16,19,20 25,26,28,29,30,34,36,37,38; 23:spare~{

15

Clara Cuesta

Status of ProtoDUNE Dual Phase



