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Goals of the 2024 data taking campaign

e Improved our setup facility with OF (to trigger synchronously the s.p.e.
with the LED light pulse)
o gain is stable

e Goal: Monitor the setup and the XA stability over multiple days (as
done in past campaigns)
o observed increase over time (causes under study)
m LAr purity, xt, other

e Goal: Decouple the effect of the individual components (DF, Viquity
btw. SiPMs etc.) on the PDE
o under study, preliminary results
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The spring 2024 data taking campaign

Date

27/02/24
04/03/24
05/03/24
07/03/24
08/03/24

19/03/24

Configuration

FD1 Baseline control.

FD1

WLS
1 pcs

1 pcs

1 pcs

DF
pTP + ZAOT DF

VB

no

TP + ZAOT Glass + Al  no

pTP + Glass no DF

no

21/03/24 FD1- Improved Light Collection 2 pcs pTP + ZAOT DF yes
22/03/24
09/04/24 . .
FD11 oved Light Collecti 2 TP + ZAOT DF
10/04/24 e Rl S =
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XA-SC - control measurement

All results presented here are

Control Measurement

ZAOT Baseline: T ' ' ' 2
e Dbaseline design except DF are ZAOT L ¢ AR0IpZACTbeedle Preliminary
o OPTO DF were damaged = . 20230519 - ZAOT baseline
— 35— o 20240227 - ZAOT baseline - control
3 L
All Results are g I
e Preliminary 8 4L
e xtand LAr purity uncorrected e { J { { { { { { { { { 1
= it
20240228 control measurement is still 25|
not calibrated I
e taken with the warm electronics 0 0 30 20"
transformer bypassed Position [cm]
e might be higher than the previous day
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XA-SC - measurements without Dichroic Filters

Configuration Comparison

Available two set of ZAOT glass = B A
substrates (adopted for FD2 M0 5L } .
& M1 DF) - P -
1. with/w.o. antireflection (AR) — L 1 [ i | [ I o
coating (substitutes DF) T .
+pTP on other side R . -
. 5 : ® 20240227 - ZAOT baseline - control :
2. pTP only and no AR coating g it «  20240305-AR pTP+AntiReflex N
SC configuration w/ DF has | 20240308 -rocoatiog PTP only ]
+10-15% increase in PDE L * 20230519 - ZAOT baseline -
depending on the baseline (2023 I Preliminary -

or 2024) 0 L 5 8§ § & 9 ¢ p ¥ ppoppypug s

0 10 20 30 40
Position [cm]
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XA-SC - improved light collection configuration

" The LG with
the 40° cut

SiPMs passive sides and the LG in
the gaps between SIPMS .
WLS not installed

LIDINE 2023 C.M. Cattadori - DUNE-XA: Features & Performances P"' ll(\ =
_—



XA-SC - meas w/o DF, improved light collection

Lightguide (LG) from the

Improved Light Collection

pDUNE-HD batch. Jn T T ]

E I I ¢ A

Improved light collection S 1 I ] i ] A=

1. LG with 40° cut 5 ! i 3

2. LG & SiPMs sides optically X 4 — Preliminary —

sealed by Vikuiti lined blocks - m .

e 3 i i % i § =

.g 0 i "

SC configuration w/o DF T , ]

. B e 20230517 - Improved light Coll - DF .

performs similarly to the 2023 m 20240315 - Improved light Coll - noDF §

measurement w/ DF " d 20230519 - baseline- DF ZAOT -

I 20240227 - Baseline 2024 - DF ZAOT i

Both show an improvement over I T ETEEEE ST ETY i
the baseline design (with ZAOT % 10 20 30 20

DF instead of OPTO) Position [cm]
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XA-SC - improved light collection DF control

Improved light collection

1.
2.

LG with 40° cut
LG & SiPMs sides optically sealed by
Vikuiti lined blocks

2024 Control measurement
performs ~10% worse than same
config in 2023 meas.

Efficiency [%]

Improved Light Collection

TNENEE

w
= Illllllll|IIII|IIII|IIII|IIII
—i———

2 pOSSibIe cases. 2 ® 20230517 - | d light Coll - DF ZAOT

. - Improved light Coll -
pTP degraded: 2024 meas. s 20240322 - Improved light Coll - DF ZAOT
should be compared to 2023 => ; e 20230519 - baseline- DF ZAOT

[ 20240227 - Baseline 2024 - DF ZAOT .

: : Preliminary 1
pTP ok, mounting variance: o S TEEEEEE 58 o -
2024 meas. should be compared 10 20 30 40
with 2024 control => DF Position [cm]
decreases perf. ~10%
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XA-SC - effect of the 2 piece light guide (40° cut)

everything else equal,

e Delta (2023 to
the dismount/ and random
remount of the components.

e measurements with the Vikuiti
lined blocks between SiPM (slides
7-8) show the combined effect of
the cut with the wider LG
enhancing the effect of the VB
(=increased light sealing)

16/04/2024 - PhColl Meeting

2 piece cut light guide

I I T T | I I |

20230519 - Baseline 2023 - DF ZAOT
20240227 - Baseline 2024 - DF ZAOT
20240410am - 2 piece 40A° cut light guide - DF ZAOT
20240410pm - 2 piece 40A° cut light guide - DF ZAOT
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XA-SC - dependence on the Ig width

_ _ not actual placements
simulation: SiPM Offset Scan | on the curve, just as

cut pPDUNE batch light guide ~—_wider

(see next slides)
different samples from the same batch

an indicative example
./narrower

flat pDUNE run2 batch light guide

2021 light guide
narrower than pDUNE r2 batch

w/ Vikuiti blocks

i
%
| i

i

% r
rw i

w/o Vikuiti blocks | °

|
iilil

| I — | I | I | l | I N l 11 |

—— il—  ——

red and curves are other
configurations of the|module, not
| _relevhnt for this gorhparison

the lower the gap betweenthe . ,,—
light gude and the SiPMs and =
Vikuiti reflector the higherthe 3 %
trapped light and PDE TR
e strong dependence =
O(0.1mm) - %
e being the SiPM boards sl
fixed to the frame this F
distance is driven by the 14:_ %
WLS Ig width gap T
¥ b
SC section n
romhe | WLS it
top block
SiPM

4/2024 - PhColl Meetin

note: at col/g temperature the gap wi

éeng 0.5mm due to thermal contraction

0.5 1 1.5 25 3 _
Offset [mm] (per side)

light guide - SiPMs (Vikuiti) gap at cold
driven by light guide width




XA-SC - integrated charge incre

ase over time

= T T T T T T =
e measurements taken at different times, I i
at the same position on the SC (pos4) 3= day2 i
o 12-15 march 2024 > T R A G MakE 7
o 19-22 march 2024 o T o " <o .
v Preliminary - .
L day3 day4
2 L A U A O A L B LA — .
day3 day4 N ;" %2/ ndf 0.03956 /4 -
day2 g e pO 4.801+0.2743 B
P e PEaat T S e el : 3‘5% pi -2.107e-05 = 1.697e-05 ]
" g day1 p2 1.435e+04 + 1.989e+04 i
"""""""""""" LN2 added in ] = 7
external bath 1 Co 6 5 % b o8 § % P oo & 5 @ o pa g 5y oo g Jeipl
) 0 50 100 150 200 fime [ S?]50
ﬁ;/ e 42707'(?30782;: 1 e Theinitial deficit might be caused by Argon
- A0S E s | bubbles forming on the SC surfaces (Ig, SiPM)
day1 02 _opossiO4E5S0eei0d | ] o thermal equilibrium (gas liquefied by LAr)
N T w2 ©  SCis the hottest element in the chamber
50 100 150 200 250 o bubbles slowly liquify as SC cools down
time [s]
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XA-SC - LAr purity

e Purity:
studied deconvolving muon waveforms
high in all fillings >1000ns

at most ~1% effect on PDE

(@)
(@)
(@)

day
04/03/2024
05/03/2024
07/03/2024
08/03/2024
12/03/2024
13/03/2024
14/03/2024

15/03/2024

tau_triplet [ns]
1104
1147
1197
1144
1259
1312
1347

1388

error [ns]
12
13
14
13
16
18
17

18

day tau_triplet [ns] | error [ns]
19/03/2024 1116 15
21/03/2024 1192 14
22/03/2024 1206 12
09/04/2024 1198 16
10/04/2024 1181 16

/ndf 7.182e+04 / 669
rob [

7
Pro

A 4678 +37.77
A

5

b

10° A

0.05146 + 0.0004801

205.6+2.105
1.312+£0.01826
0.04382 +0.0001795
5.751 +0.0002402

Amplitude [A.U.]

10? X\kﬂ

U
—_
o
=

10
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e Usually the increase in PDE is
correlated with an increase in triplet
tau constant

o the approximation only involves

with the current electronics we
expect at most a 2% correction
with this approximation

/ the triplet component
o but we observed the increase

also in the singlet component
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;‘ ‘)(2‘/nvdfl — I4‘A3£‘33‘/8I o i
— % b0 _4.118e+04+280.8 B
XA-SC - alpha voltage scan T ER e ;
O 2500j -]
2 g . 1
e measured alphas varying Vbias £ = gain
o not corrected for xtalk e g
TP . 1000i 4“3 : 43!5 4‘4 4JS ‘5 :
dividing by SiPM PDE curve Vbias [V]
Detected Photoelectrons ﬁ ﬁ Photons hitting SiPMs
0.07F ' T T T v T T ] EE T [ F S FF ] °F R BR ST R R [T A [
- 20240314_mDFdetected photoelectrons depend on . L B s R Vbias independent,
0.06 ;— ™ zgzzg::-ang[_);iﬁblas accordlng to SiPM PDE _; 0.12 :_ P :g;zgg:;-:n:?ll—;’: except for xtalk ’ _:
- ® 20240319 pm - DF - | @ 20240319 pm-DF ]
0.05— » 20240321 - DF } % 5] - 1 ® 20240321-DF _
Py = [ 4 ] > A— ]
2 : ! { % | i 4 1 @ N g gA# F 4 4 2
0 0.04— ; 1 1 4 % - o — i i T T T I T -
il L &= — L 1
W 0.03— % 1 * . I I 1 — Ll L 3 3 % § 3 3 ¢ t ¢ ¢ ¢ ]
o i T I . 0.06|— . -
[ ! T ¢ ¢ 1 & | e ] _
0.02|— 3 3 1 — T . g ®#3® & § & & & & § |
0.01 - N T . ri B T L R N L R R L A O T L S A A 0 . 004 __. L ; PR W A A I ¢ U LA TR I LA T S SRS S S LA S D S G S ——
’ 43.5 44 445 45 45.5 46 435 44 44.5 45 45.5 46
Vbias [V] Vbias [V]

e Subtracting the internal xt, in the right plot might remain an additional component caused by optical xt
(see testing conducted in Valencia, Photosensor Meeting 27 Feb 2024, J. Urefia)

16/04/2024 - PhColl Meeting L. Meazza INFN :

— MILANO
BICOCCA

(VE 13

@ UNIVERSITA
S
=~ H
N
=R\
== ONVTIWN Id


https://indico.fnal.gov/event/63509/contributions/285414/attachments/175470/238035/valencia.pdf

Preliminary Conclusions and next steps

Analysis is preliminar and still ongoing.

We can already say that:
o with the baseline design DFs increase PDE (+10-15%)
o when increasing the light trapping in Ig (cut + VB) the DFs become less effective (possibly
degrading PDE)

The 2 piece WLS light guide (40° cut) provides a +10-15% increase in PDE
o 2023 measurements give the combined effect of (cut+VB) no disentangling
o 2024 measurements allowed to disentangle the two components (wls width, cut)

Light guide edge sealing (Vikuiti blocks) increases PDE as a function of the gap at cold between
SiPM(Vikuiti) and light guide edges (+20-50%)
o high variance (difficult to control variables)

Test module/setup variance related to disassembly/reassembly gives (a minor) uncertainty on
conclusions.
o Data collected w. warm transformer bypassed(no undershoot) tbd
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XA-5C - MiB test setup upgrade {555

el

e added optical fiber
o mounted next to the
source ralil
o we can now trigger
on sphes instead of
searching for them in
alpha pretrigger

e new second stage (warm)
electronics with
transformer bypass

o 3% undershoot
o now under study
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XA-SC - MiB setup upgrade

W.T. GAIN With Transformer

electronics gain is stable throughout

the measurement campaign 3300

consistent within 2-3 % with the 2100 o .

value adopted in 2022-2023 (spe [ @ o

search in the pretrigger) 2900 L

2 2700 2
=z
) g 2500 e
WT.S/N  With Transformer °
5 2300 GAIN(1000 ns
cea®a. ; = 3
s 00008532 2100 integration)=3.1 x 10
0] ;GQSOQQ @
! s R el T 1900
6 ® o ; @ ; ] 200 400 600 800 1000 1200 1400 1600
5 S/N (1000 ns integration)= “ « ¢ o & INTEGRATION WINDOW (ns)
A 7-8 ®e
©02/27/2024 @03/05/24 ®03/08/24
3
0 200 400 600 800 1000 1200 1400 1600 1800
INTEGRATION WINDOW
®03/05/24 ©27/02/2024 @03/08/24
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XA-SC - integrated charge increase over time

Efficiency [%]

II1I|IIIIIIIII|IIII

AR coating No coating
B T T T I  J I T T T T l T T T 1 I T 1 T | — I T T T  § ] T T T 1 l 1 l
L. e control - ZAOT baseline N - control - ZAOT baseline
85 ©  20240304- AR 1 a5 20240307 - no coating
[ o 20240305 - AR 7] [ 20240308 - no coating
sl { — N
B 1 1 i 3
- -1 B L ]
- — [— L ] ® ®
25 i B [
I % { % 1 25 I ] |
ol { e - [
L A B A A A I ol I L 5 [ A - S A il M
0 10 20 30 40 0 10 20 30 40
Position [cm] Position [cm]
+10% +5%
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XA-SC - integrated charge increase over time

19-22 mar 2024

T T T T T

4.5

'S

lellllllfll

%2/ ndf 0.02808/9
p0 4.277 +0.7208
p1 -1.002e-05 + 1.694e-05
p2 -2.028e+04 + 5.396e+04

351"

| O -

x10°

Ol 1 11

el ¢ S5 F pa 5§y Ea K £ £ X ¢ 3 T
50 100 150 200 25
time [s]

o

12-15 mar 2024

4.5

>—ﬁ—{>—7-7f'—.0—*fl[III\IIIWI‘I\

09-11 apr 2024

| T T T I T T I T T T T ]
3.6 — ]
34 . dav3 i
5 day2 | | = ool -
32 e -
<E“ ““““ :
3l— ]
- day .
3 27 ndf 0.001926/1 | ]
R +5% in po 3.308+0.6414 | ]
u pl  -1.393e-05+0.0001015 | -
aigl 3 days P2 —1.176e+05%6.674e+05 | ]
[ I - ; ; L1

0 50 100 150

time [s]

x10°

(V= 19

i i ] e the increase over time is usually limited
P 4801202743 | 7 o all days have been shown in efficiency plots, in previous
p -2.107e-05 + 1.697e-05 = . .
R p2 1.4356+04  1.989e+04 B meetlngS slides
s e v rq 5§ o ps e ey oes s vy ps o e e possible dependence on filling procedure
0 50 100 150 200 250
time [s] o under study
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