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Photon Detection System (PDS)
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36 8" cryogenic PMTs
(Hamamatsu R5912-MOD20)
fully characterized JINST 13
(2018) T10006

Wavelength-shifter: PEN /
TPB coating on PMT

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

Light calibration system: LED
& fiber based JINST 14 (2019)
104001

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/10.1088/1748-0221/13/10/T10006/meta
https://iopscience.iop.org/article/10.1088/1748-0221/14/04/T04001/meta
https://iopscience.iop.org/article/10.1088/1748-0221/14/04/T04001/meta

PDS layout

» 6x TPB coated PMTs
» 30x PEN sheet PMTs

» Ox trigger groups
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Light DAQ

36 x Optical Fibres

» LRO computer runs MIDAS SW as interface for

control and data readout from v1740 ADC

LCS black-box

Reference sensor Signal

Calibration Trigger

36 x HV - Signal 36 x PMT Signals
splitters
Global DAQ
Commands |& Data
Global Trigger ot
bt ol LRO Front End
geer Trigger in
Computer CAEN V1740
HV Power ! r LRO Computer EOS Storage
supplies WR Gran
Master MIDAS g
Switch DAQ SW —
e White Rabbit timing 4
Slow Control Light
SCADA Data Calibration
(WincC) Program
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Light DAQ

HV splitters Power supply and ADC
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v PMT calibration

v Acquisition with random
trigger

v Acquisition with PMT
trigger (coincidence of
selectable PMTs signals
over a threshold)

v Communication with the
slow control for
controlling the power

supply

® Integration with global
DAQ trigger & timing: to
be done this week!
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Light data taking

» Data taken: g“’_q
- GAr: last week of June - first week of July o
- LAr filling: July 5 - August 9
- LAr full volume: August 9 - present - ...

» PMTs covered by LAr since July 8

» All PMTs are operative
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Light Calibration System (LCS)

» LED & fiber based JINST 14 (2019) T04001

» Calibration hardware and software running
» The system provides:

- light to 6 PMTs at the same time

- diffuse light from the top of the detector (alternative LCS)

; /
‘t"“

Fiber &% >

- €h.00.000 © | 1200.00
"- a— ‘ 1.- ‘ Z. ch.00.001 ® | 1200.00 %
a _“.‘p" ch.00.002 ® [1200.00 %
4 Ch.00.003 ®' | 1200.00 +
Ch.00.004 ® 1200.00 =+
Ch.00.005 ® 1200.00 =+
Ch.00.006 ® 1200.00 =+
Ch. 00.007 ®  1200.00
Ch.00.008 ® 1200.00 =+
Ch.00.009 *  1200.00
Ch.00.010 '*  1200.00
Ch.00.011 ® 1200.00 =+
Ch.01.000 ®  1200.00
Ch.01.001 ®//1200.00 <
h.01.002 ® (120000 '+
Ch.01.003 ® [1200.00
Ch.01.004 ® [1200.00

Program for light -~

Ch. 01.005 ‘@

1200.00

* 1200.00

</ ch.01.007 ‘®

Ch.01.008 ®

Ch.01.009 ©

Ch.01.010 ®

Ch.01.011 @

Ch. 02.000 ©

| €h.02.001 ‘®

Ch.02.002 ©

2| Ch.02.003 @

| ch.02.004 ©

Ch.02.005 ©

= ch.02.006 ‘®

Ch.02.007 ©

Ch. 02.008 ©

Ch.02.009 ®

| Ch.02.010 ®

= ch.02011 @

PMT High Voltage Settings

120000 |+

1200.00 2
120000 |2
120000 3
120000
120000
120000 %
120000 |2
120000 |2
120000
120000 |2
120000 %
120000 3
120000 |2
120000 %

1200.00 %

120000 1+

I ) I t () 2 setall Channels to: 1200.00 +
All Channels ON | |All Channels OFF
Load Config Save Config

/]  Status of PDS in ProtoDUNE Dual Phase

.
T

|

marag

L/

/.

Wi XV
i

—

Calibration Config

Calibration Configuration

Front End Settings
sampling Period  Window size (ns) Buffer Size

16 n: - 5000 6k Y

Groups to Acquire .
Post Trigger Samples

Group0 ® Group4 ® 50 5[ (%)
Group1® Group5 ®
Group2 ® Group 6

Group 7

Light System Configuration

Set LEDs

LED1® LED4 -
Light Source Voltage | 6.49 (6.49t0 19.51V)
LED2 ) LEDS
LED3 ) LED6 Light Source Frequency ' 1000.00 | (1 to 1500 Hz)
Send Sipm Data ® SiPM Voltage | 28.00 |*|(26.5t030.5V)
External Trigger Only Number of events  150.00

(Random Trigger)

SSH Configuration

Open Run Dialog



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

LCS: gain monitoring

Complete calibration runs (G vs HV)
» GAr (RT):
- 2017-2018 {CIEMAT}

- 2019/06/26 [oscilloscope]: G/Geigmar=1.2+0.3

» LAr (CT):
- 2017-2018 {CIEMAT}
- 2019/07/17 [v1720]
- 2019/07/30 [v1740]
2019/09/03 [v1740]
Gain stablllty (target gain: 1e7)
» GAr (RT):
- 2019/06/27, run9: G/GClEMATz1 .OiO.Z,
- 2019/06/27, run14: G/GC|E|\/|AT%O.910.1
» LAr (CT):
- 2019/07/25 [v1740] (analysis ongoing)

Alternative LCS
» 2019/08/02: top fibers (analysis ongoing)
» To do: complete calibration

8 Status of PDS in ProtoDUNE Dual Phase

§930 L
39201
3910
3900 —

3890~

38801~

Amp ~50 ADC

F (25 mV)

[ Width <16 ns
[ HV =1500V

[ G ~3.7e7

1)

FETETS ETETEE ATRTETE ATRTE AT

0 200 400 600 800 1000 1200

Time (ns)

N

G/Gciemar (for HVciemat[1€7])

Factor wrt 2017-2018
—_ N w
T AR S {

o
&)
I

o

July 17

July 30

Sep 03

1) Waveform integration

13/07/19

12/08/19

11/09/19

2) Fit SPE espectrum (2 gaussians)
3) Gain vs HV curve

1]
£10E
=10E
EE

1PE

Gain

=3.72e+07

10°

1400

1500

1600

1700
High voltage (V)



Light data - Purity

» Goal: 74w evolution in time

» Event selection:

- cut 1: pedestal STD (88% of events)

- cut 2: saturation (almost no saturation)

- cut 3: threshold (2-4% of events)

» Fit:
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Light data - First S1+S2 signals

LR Pram 014 - ADC Crtewwet 2 - Evert 2384 Phum 014 - ADC Crtewwet 3 - Evert 2384 Prum 014 - ADC Crtewwl 4 - Evert 2384

Data under different
detector conditions:

drift

amplification

v

v

extraction

v

Run 916 - ADC Channel 3 - Event 57 - TPB

Example: - Here: 32 PMTs (ADC)

run 814 - 4 PMTs (oscilloscope)

3.85%
3.8F Prelimi [—
Detector conditions of the examples: 2750 reiminary
#814: cathode 50 kV, grid 5 kV, LEMs 2.9 kV across 3_7§ run 916
#916: cathode 50 kV, grid 5 kV, LEMs 2 kV across Ty T T
Time (s)
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Light data - “Strange” signals | s

» CRP1, LEMs: ON

» Strange light events appeared for the first time when
CRP1 was moved (run 814): sparks?

» Strange signals have been seen under different detector 3.9 E bbb
conditions: to be understood!

3Run 814 - ADC Channel 3 - Event 40 - TPB
x10

» PDS is helping to monitor these events and find the origin 4} W
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Summary & next steps

» The commissioning of the PDS of ProtoDUNE Dual Phase is progressing well

» The 36 PMTs are operative and have been already calibrated several times

» Different measurements (PMT trigger, random trigger) have been taken: data
available in /eos/experiment/neutplatform/protodune/rawdata/np02/PMT

» To-do list:

Comparison PEN vs TPB
Trigger optimization: test different configurations and thresholds

Complete the analysis of the measurements taken so far (including new ones with
drift field and LEMs)

Calibration with top fibers
Charge-light matched data
Charge data taking with light trigger
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