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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Goals

1. Measurement of the XA-VD absolute PDE (single-sided XA)

2. Optimization of the XA-VD PDE:
Comparison between XA configurations (DF-XA vs noDF-XA)

m A iomot DUNE PH. COLLECTOR - 17 APR 2024 Fna




VD-XA CONFIGURATIONS

XA
1. DF-XA
2. noDF-XA
3. noDF-XA_24mg

4. -

WLS Bar
G2P (80 mg/kg) @ 4.0 mm
G2P (80 mg/kg) | 4.0 mm
G2P (24 mg/kg) @ 5.4 mm

SiPMs

FBKTT

FBKTT

FBKTT

FBKTT

Filter
ZAQOT
*pTP PE-subs

*pTP PE-subs

Sided
Single
Single
Single

Double

Status

Tested

Tested
Being Tested

To Be Tested

*pTP coated substrate (P.E.) composed of fused silica JGS2
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

e Measurement of the XA PDE in LAr using 2 reference VUV SiPMs facing each other
triggering on scintillation light from an ?**Am alpha source in 3 black calibration boxes
(at the only 3 not identical XA positions)
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Calibration B
e Ref. SiPMs: HPK VUV4 SiPMs S13370 - 6075CN.

i

{ Optical Fibe

' S e Characterised at CIEMAT (L. Pérez et al.) (publication accepted by NIMA).
! wﬂ}% \\ | e Measured Xtalk at cryogenic temperature: (14.8 + 0.3)% @ 3.5 OV
e SiPM efficiency @ CT VUV 127 nm: 12.69 + 1.12 % at 4 OV

1.0f ' VUV SiPM PDE used in our

= [t Rel. PDE vs Incidence Angle setup (corrected by the effective

3 %9 i A 1 angle of incidence):

a i 8

a 0.8 [ ] 1

2 = OV 3.5 (V):

207 2| eRet = (11.70 £ 1.04)%
0.6/ arXiv:1910.06438 [physics.ins-det] * | :

[ 3 ALpha Sources ] [ SiPM ] 5 S PREIEAnEEE OV 40 (V)

10 20 30 40 50 60 70 gp. ¢ = (12_06 4+ 1_07)%

Angle of Incidence (degree)
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https://arxiv.org/abs/2402.01584
https://arxiv.org/pdf/1910.06438v2.pdf
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

e New configuration tested with pTP coated substrate (fused silica JGS2) windows

w/o dichroic filter (from PhotonExport).
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

T [ mel| ne Setup Channel Arrangement
1. DF-XA Membrane XA assembly Jul. 23
Ch6 Ch7 Chéll §h5
1
1. DF-XA LAr setup commissioning Aug. 23

Box3 Box2
Ch% (I:h3

1. DE-XA Gain and noise Sep. 23

1. DF-XA

characterization LN2

LAr PDE Data taking

(13" - 15t) Dec. 23

2. noDF-XA

2. noDF-XA

Noise characterization LN2

LAr PDE Data taking

Mar. 24

(131 - 14%) Mar. 24

3. noDF-XA_24mg

LAr PDE Data taking

(16 - 17t) Apr. 24

Box 1
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NEUTRINO

e Example calibration finger plots for the different setups.

2000——DF-XACHO-OV=45V—

1 AnaChargeAveRange
1750 i *  Peaks
+  Valleys
15001 ! ----Initial fit
—— Final fit
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NEUTRINO

® Ch0 @ Ch1

1.00e+06 | XA Channel Comparison

7.50E+05 >

. £ 5.00E+05 .
e Both XA-channels successfully calibrated. 8 2 SoEvos ’
5 +
e Compatible results between XA configs. 0.00E+00
0.00 2.00 4.00 6.00
oV (V)
XA0 XA1
ov Gain (e") ERROR S/N ERROR Gain (e7) ERROR S/N ERROR
e DF-XA: 7.0 6.82E+05 9E+03 | 4.63 0.27 6.83E+05 7E+03 | 5.27 0.14
55 5.37E+05 9E+03 | 5.94 0.08 537E+05  1.3E+04| 677  0.21
45 4.41E+05 3E+03 | 4.48 0.10 4.40E+05  2E+03 | 4.63  0.04
XA0 XA1
oV Gain () ERROR| SN |[ERROR| Gain(e) |[ERROR| SIN |ERROR
e noDF-XA: 7.0 6.63E+05 7E+03 | 6.47 0.05 6.91E+05 4E+03 | 5.95 0.09
55 5.24E+05 12E+04| 537 003 533E+05  6E+03 | 545  0.03
45 4.32E+05 19E+04| 456  0.02 4.28E+05  3E+03 | 457  0.01
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

e Showing stability of SiPM calibration curve between different measurements, setups and days

SiPM #378 Time Stability SiPM #378 Setup Comparison
1.00E+07
= ® Day1 1.25E+7 ® DFXA
= 2.01E+06*x + 57796 105647 2E+06*K + 3551
e — ¥ i +
3 [ £
7.50E+06 .- ® Day?2 S % @ noDF-XA
, | 1.98E+06*x + 20398 - 2.16E+06*x +-411214
__ 5.00E+06 8 Day3 7.50E+6 W
v 2.02E+06*x + -67539 N 6.13E+6
< 2
£ c
£ P £
& 2.50E+06 3 5.00E+6
0.00E+00 2.50E+6
-2.50E+06 0.00E+0
0.0 1.0 2.0 3.0 4.0 o 1 2 3 4 5
oV (V) ov (V)
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

e Scintillation light seen by ref. SiPM sensors and XA.
e From deco. wvf fit can be performed to extract scintillation parameters.

oo —HPKVUV4 SiPM____ XA Signals______
: ;T::; Source Lo (\ : :::; Source |

Scint. Fit

Fit:
amp2 = 1.20E-09
tau2 = 7.50E-07

A

‘ —Fit

— Alpha Deco.

Scint. light
clearly seen

104 'h'. ‘ 0.0

00 05 10 15 20 25 30 35 40 00 0.2 0.4 0.6 0.8 1.0 3 4y 5p 6 7u 8y
Time (s) le—6 Time (s) le-5 Time (s)
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Comparison of XA-VD for config #1 & #2

e Observed increase in collected charge for config #2!

e noDF-XA sees ~29 - 26% (for chO - ch1) more charge than
DF-XA in every box (after correcting for absolute light diff.)

XA-VD ChO - OV 4.5V - Config. Comparison

1e—s5Charge Distribution Box1 - OV4.5

1.0 [ DF-XA chO - Mean: 6.55E+05
noDF-XA chO - Mean: 7.79E+05

6 7 8 9

1e—6Charge Distribution Box2 - OV4.5

[0 DF-XA chO - Mean: 7.45E+05

8 noDF-XA chO - Mean: 8.92E+05

DEEP UNDERGROUND NEUTRINO EXPERIMENT

1e—5Charge Distribution Box3 - OV4.5

[ DF-XA chO - Mean: 8.41E+05
noDF-XA chO - Mean: 1.02E+06

0.2

0.0 -

0.6 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 11
Charge (ADC x ticks) le5 Charge (ADC x ticks) le6 Charge (ADC x ticks) le6
- ||
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

XA PDE computation

Direct Method (Comparison with ref. SiPM efficiency)

e(XA) = BHEBER . (Ref SIPM) - foor

#PE, ,: PEs detected by the XA

#PE ...\ PEs detected by the reference SiPMs

g(ref SiPM): absolute measurement at CT by CIEMAT

- _ XA | £SiPM
Correction factors (f__ = fgeo AL T L)

fgeo: Geometrical Factor — correction for different distance of sensor to alpha source.
f. .+ XTalk Correction — from dedicated measurements of FBK/HPK SiPMs
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Updated XTalk Computation!

e Using XTalk values (XT%) measured in the labs for FBK TT sensors.
e X-Check method from computation Vinogradov model (see backup): Fit composite
poissonian to describes the effect of cross-talk.

XTalk Summary Correction Factor fxT
| XT % | f f 1
ov ° ov xT XT =
14K dap
7 325+0.5 7 0.68 + 0.02 1

4.5 16.1 +0.3 4.5 0.840 + 0.005 Kdup = 1 XT?
— 0

3.5 12.7 +0.3 35 0.873 £ 0.004
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Evaluation of uncertainties

Error computation takes into account uncertainties associated to the following
variables:

e Dominant
o SiPM PDE (8.9%): From ref. constrained from CIEMAT own measurements.

e Subdominat
o XA #PE (~2%): From repeated gain measurement + gaussian fit of collected charge.

o SiPM #PE (~2%): Gaussian fit of combined #PE collected per SiPM pair.

o GEOMETRIC FACTOR (1.43%): From sim. + sensor deviation measurement.
o XA XTALK (< 1%): From ref. (see prev slide - publication pending)

o  SiPM XTALK (< 1%): From ref. (L. Pérez et al.)
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

PDE stability

Showing PDE position dependence between:

e XA Setups (DF-XA - noDF-XA)
e XA Channels (ChO - Ch1l)
e Box positions (see ref.)

DF-XA PDE noDF-XA PDE
® PDEChO @ PDECh1 @ TOTAL ® PDEChO @ PDECh1 @ TOTAL
800% OV 7 (V) 10V 4.5 (V) OV 3.5 (V) 800% OV 7 (V) 10V 4.5 (V); OV 3.5 (V)
6.00% i E 6.00% % % i i
W o400 1 ? ¢ i i W 4.00% - o i P -} L) i 7 ¢ 4
& s, s ¥ ¥ Y5 5 3 & :
) ® 1 1 ) 1 [ ) 1 .
2.00% ® ° = i : : o i : : : 2.00% L ) L} o i ° = p i ; = o
0.00% : : 0.00% : :
Box1 Box2 Box3 Box1 Box2 Box3 Box1 Box2 Box3 Box1 Box2 Box3 Box1 Box2 Box3 Box1 Box2 Box3
Box Position Box Position
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

PDE stability

Showing PDE differences (e.g. noDF-XA & Box2) between:

e XA Channels (ChO - Ch1l)
e Repeated measurements (Set 1, Set 2, Set 3)

noDF-XA PDE Stability

@ PDEChO @ PDECh1 @ TOTAL

MOV 7 (V) {OV 45 (V); OV 35 (V)

6.00% E JI; i
§ 4.00% T 9 n i $ "y ¥ i { I
2.00% —© ° L) i = ,‘ = i L) L =
Lol E

0.00%

Set1 Set2 Set3 Set1 Set2 Set3 Set1 Set2 Set3

Repeated Measurement
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Compare measured XA-VD Configurations:

(PRELIMINARY)

e DF-XA: G2P (4 mm) /FBK-TT /80 mg*kg / ZAOT
e noDF-XA: G2P (4 mm)/FBK-TT /80 mg*kg!/ pTP substrate (PhotonExport)

DF-XA XA OV PDE (%)
. 15104 COMPARISON
45 33z203 ov | RELATIVE PDE
35 29+0.3 INCREASE
noDF-XA XA OV PDE (%) / 31%
7 5.4 +0.5 45 —
4.5 43 +0.4
35 39+0.4 3.5 32%

o * GOBERNO  MINISTERIO Ciemalt

) "Q DEESPANA  DE CIENCIA,  INNOVACI ION " Centro de Investigaciones.
o

a
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

e Setup shows stable measurement conditions among different XA-VD configurations

e Preliminary CIEMAT measurement of the absolute XA-VD PDE @CT in LAr for the 3
different positions and for 2 different XA configurations

o noDF-XA PDE ~30% higher than DF-XA PDE
o Ongoing measurement: noDF-XA_24mg with WLS width 5.4 mm.
e Next measurement (expected ~mid May?): Double-sided XA

o  We will modify our current XA-VD module with mechanical parts from CSU or from a
coldbox XA

o IMPORTANT: we need one set of coated ZAOT DF and/or one set of pTP coated P.E.
substrates
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

BACKUP
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Y UNIVERSIDADES

e Comparison of identical runs provides consistent increase in light collection.
e DF-XA charge has been corrected with a factor of 7.2% to account for absolute light
differences measured at the SiPMs.
ov | Box DF-XA | noDF-XA | Rel DF-XA | noDF-XA | Rel DF-XA | noDF-XA | Rel
Config Cannel 0 Channel 1 Combined
7.0 1 1.48E+06  1.89E+06  28.21% | 1.13E+06  143E+06  27.10% | 1.07E+03  1.36E+03  27.73%
7.0 2 1.66E+06  2.19E+06 | 31.99% | 1.07E+06  1.38E+06  28.84% | 1.12E+03  147E+03 | 30.76%
7.0 3 1.86E+06  240E+06 = 29.31% | 9.59E+05 1.20E+06 | 24.95% | 1.16E+03  148E+03  27.83%
4.5 1 6.10E+05 7.83E+05  28.41% | 4.53E+05 5.76E+05 = 26.94% | 6.70E+02 8.56E+02  27.78%
45 2 6.94E+05 8.96E+05  29.22% | 4.29E+05 5.40E+05 = 2567% | 7.08E+02 9.05E+02  27.86%
45 3 7.82E+05 1.02E+06 | 30.93% | 3.76E+05 4.76E+05 = 26.51% | 7.31E+02 9.46E+02 = 29.50%
35 1 4.05E+05 5.13E+05 | 26.65% | 2.98E+05 3.74E+05 | 25.45% | 5.76E+02 7.27E+02 | 26.14%
35 2 450E+05 5.87E+05 ~ 27.88% | 2.81E+05 3.49E+05 | 24.40% | 6.06E+02 7.67E+02 = 26.56%
35 3 514E+05 6.73E+05 | 30.89% | 2.45E+05 3.08E+05 = 25.93% | 6.21E+02 8.03E+02  29.28%
MEAN ERROR | % ERROR | MEAN ERROR | % ERROR | MEAN ERROR | % ERROR
29% 1.7% 58%| 26% 1.3% 51%| 28% 1.5% 5.2%
,ﬁg TR W o Clomot %C\cp
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FBKTT
ov XT DXT %
7 32,5 05 1,4%
45 16,1 0.3 2,0%
35| 127 0.3 2,1%
Used in HD-XA & VD-XA 2,1%

<

Y UNIVERSIDADES

SiPM#289 SiPM#290
ov XT [DXT| % XT [DXT| %
45 237 092 39 239 0,98 4,1
3,5 151 043 29 14,7 029 20
2,5 10,1 0,54 53 10,0 0,08 0,8
;ﬁ; goume  HNTHE |, ROl
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

e Selected method for computation Vinogradov model: Fit composite poissonian to
describes the effect of cross-talk.

e.g. OV 4.5 - ChO - XTalk Estimation Fit XTalk Summary Duplication Factor

0.251

T XA ChoO Ch1 XA ChoO Ch1

0.20
ov | XT% XT % ov | KDUP KDUP
| 7 33+6.6 | 34+2.4 7 10.67+0.07|0.66+0.03
| 45 | 19+3.8 | 19+1.3 45 (0.81+0.05/0.81+0.02
0.05 -
l 35 | 14+2.7 | 13+09 3.5 |0.86+0.04|0.87+0.01

0.00—"53 1 3 3 4 5

PE

j 4 ¥ GOBIERNO  MINISTERI 0
# Q DE ESPANA DE CIENCIA, INNOVACION
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o
)
wu

Cou(:r)ts (density)
o ¢
o
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

e Purity change corresponds to measured light decrease of ~7.2%.

—— SiPM Scintillation Fit

T : Time (s)
gmp2 = 120805, | — Alpha Deconv. o RURERG
! . 200 ! . KEYS
z . —Fit 100| | | —— AnaAveWvf
O ! T 50[ ! [ —— FitTauSlow
1 1 | I
1 1 20 h |
@ ! ! < 2 10 | |
. i X < 9 : :
o - ' ! 2
Q 1 1 L 1 :
1 1 F
"E . O soom !
Q X 8 200m !
$ 3u 4u Su 6 7u 8u 3u 4u S5p 6u 7u 8u
— Time (s) Time (s)
o
AMP: 1.20E-09 + 7.82E-11 AMP2:  3.29E-08 + 5.56E-11
TAU: 7.50E-07 + 6.86E-09 TAU2: 7.00E-07 + 1.48E-09

Y UNIVERSIDADES Energéticas, Medioambientales CIEMAT
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8000

6000

4000

2000

7000

6000

5000

4000

3000

2000

Run 13 - Ch 0 - Event Number 0

Run 13 - Ch 2 - Event Number 0

Run 14 - Ch 4 - Event Number 0

DEEP UNDERGROUND NEUTRINO EXPERIMENT

Run 15 - Ch 6 - Event Number 0

1 1
1 1
1 1
— RawADC 150 1 W""" 1
RawAveWvf 113000 13000
ChO Ch2 |: Ch4 ||
1 1
12800 Iy 12800
1 1
1 1
12600 ! 12600
112600 '
1
12400 — RawADC i —— RawADC 12400 — RawADC
RawAveWVf | 112400 o RawAveWvf | | o RawAveWvf
1 1 T
30 35 40 IBOX 1 60 65 70 | 3 4 ;DOX 2 7 ! 30 35 40 DOX 35.5 60 65 7.0
1 1
Run 13 - Ch 1 - Event Number 0 Run 13 - Ch 3 - Event Number 0 1 Run 14 - Ch 5 - Event Number 0 h3200 Run 15 - Ch 7 - Event Number 0
I .
—— RawADC 13000 1 i | " il
RawAveWvf : 12600 :
| 13000
C h 1 12500 Ch 3 112400 C h 5 |
1 1
112200 2800
12000 1 1
1 1
112000 12600
11500 —— RawADC 1 — RawADC 1 — RawADC
RawAveWvf | | RawAveWvf | | RawAveWvf
111800 12400
3 4 5 6 71 8 9 10 3 4 5 6 7 i 3 4 5 6 7 i 30 35 40 45 50 55 60 65 70

e Ref. sensors in each Box provide trigger conditions based on threshold + coincidence.

e — Clean sample of alpha scintillation signals.
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Geometrical Factor

e Ratio of photons determined by standalone GEANT4 simulation.

e |t accounts for the differences in sizes/positioning of ref. sensors.

Q(Ref.)
oo, = XA) — 0.047 + 0.001

XA-VD
(21170 mm?)

25900 237

SiPM

(12 mm?) 1210 13

14.55 x 14.55 cm?

DEEP UNDERGROUND NEUTRINO EXPERIMENT

Photon distribution at sensors

SiPM1

0 200

400

SiPM1 + SiPM2-

600 800 ivuu 1zuu  14uu  1oul

1Sensor
N SiPM1
1 m sipm2
| m COMBI
XA

ey

23.5k

24k

245k 25k 25.5k 26k  26.5k
#Photons (counts)
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

MegaCell Setup: SiPM Gain
® SiPM#486 @ SIPM#488 © SiPM#377 @ SiPM#378 @ SiPM#289 @ SiPM#290

1.25E+07
1.00E+07

7.50E+06

Gain

5.00E+06 — —i

2.50E+06

0.00E+00

oV (V)
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