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CCVR (CUPID Crystal Validation Run)

LNGS Experiments
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Run Performance



® Russian (NIIC) crystals
® Light Detectors

.
MOl ®
®
®
/
LMO4 PY
LMO3 LMO2

Working detectors:

LMO-1
LMO-2
LMO-3
LD-3
LD-4
LD-5

Working (LD+LMO) couples:

~ s
e

o
Dead channels o

LMO-1 and LD-5
LMO-3 and LD-3

Calibration sources:

External deployable Th-232 strings
Fe-55 facing LDs

* Note: the cold electronics EF is not working at the level of the FET —

failed to warm up to its working temepeture.

* Cold electronics S is working but there are no detectors on it.
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Data taking

Characterization and study of the response of Light Detectors

2023 . Dedicated calibration measurements with high-intensity Th-232 sources
January
(Cu X-rays) at various working points.
February
March . : : .
- . Study of the pulse shape at multiple WPs (ohmic, optimal, overbias).
April
May . Scan of the ANPS and noise level at multiple WPs (ohmic, optimal,
June
First tests on the detectors.l: overbias).
Joly Y 4:y__ .. _optimize the WPs, SBs, electronics
Calibration runs
August | dedicated to LDs C—y
September [ r— CCVR runs
October
November CCVR ¥l . study of the contaminants
December FC‘VTR

Test runs for Nolise
studies on LDs

. detector (LD + LMO) performance

. discrimination power



Data taking

2023

January

Actual CCVR

February

March

April

May

June

First tests on the detectors:
o _optimize the WPs, SBs, electronics
Calibration runs

dedicated to LDs —
September [ r—

October

July

August

November >

| |Background | | Calibration
CCVR Down Time Test
December C CVR

Test runs for Nolise
studies on LDs

Background: from 12 Oct 2023 to 14 Nov 2023. Bkg run time around 28 days
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Load curves on LMO

Resistance [MOhm]

R load 40,00 o
. R load 54 GOhm 4 GOhm ;E ° .
1,0000 ® Geoo —
e 2 3000
P 5
0,9000 s
. |z LMO 3
0,8000 =
LMO 3 = o
0,7000 ° g
oo}
.(7) 10,00
0,6000 e ’
0,5000 0,00
1,00E-15 1,00E-14 1,00E-13 1,00E-12 1,00E-11 0,00E+00 5,00E-12 1,00E-11 1,50E-11 2,00E-11 2,50E-11
Power [W] Power [W]
LMO 1 LMO 2 LMO 3
Base resistance [MOhm] 1,132 6,573 1,055




Load curves on LDs

R load = 54 GOhm R load = 4 GOhm
. = = ¢ * ._+Ic °
[ ]
°. LD 3 LD 4 LD5
2,0000 @
r Base
LD 5 . resistance 0,435* 2,887 4,273
. [MOhm]
§ 1,0000
x o
i *the check with the GND resistance is not ok for this
channel so the value of the base resistance is still to
confirm
0001,00E<15 1,00E-14 1,00E-13 1,00E-12 1,00E-11
Power [W]



Bad thermalization? T e e ey
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The sensitivity (intrinsic gain) is low!

Detector LMO-1 LMO-2 LMO-3
E_z?m [ Signal amplitude @ TI 110 mV 330 mv 48 mV
& - line
LT -
2 _2730— .
= - Baseline RMS 0.38 mV 2 mV 0.57 mV
2740 — Sensitivity (nV/keV) 4 nV/keV 12 nV/keV 2 nV/keV
_ (normalized for FE gain)
~2750—
~2760—
- Example:
omal 2615 keV pulse in channel 3
W has only ~50 mV amplitude
—2?3{] ] ] ] | ] ] ] | | | |
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Time (s)
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CCVR Runs



CCVR Runs

40,00 ° .
=3 > ® .
e E o
) [}
%1,0000 ‘ ¢ oo 530'00
: ‘ 2
EO.QOOO ‘ <_I ®
é 0,8000 ? gzo.oo
® 4,5 days of = LMO-3
calibration 0,700 LMO-3 .
10,00 ’
0,6000 e
® ~28 days of
background 0,5000 0,00
1,00E-15 1,00E-14 1,00E-13 1,00E-12 1,00E-11 0,00E+00  1,00E-11 2,00E-11 3,00E-11 4,00E-11 5,00E-11
Power [W] Power [W]
Channel Gain R load V bias R bol Sampling Bessel Window
[GOhm] [V] [MOhm] Frequency cutoff Length
LMO-1 10009 4 10.011 1,1 1 kHz 47 Hz 10s
LMO-2 10009 4 2.787 5,6 1 kHz 47 Hz 10s
LMO-3 10009 4 7.124 0,95 1 kHz 47 Hz 10s
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Detector Noise Floor

——————————————————————————————————————————————————

. NV Front-End Board \
Noise Sources | ~ :
e :
* Johnson noise Ryrp Ampl)
* Amplifier noise: assume to be 3nV/sqrt(Hz) -
. . . i foset Corrector :
* Vibrations, wires etc. ; !
S : Bias :
- : |
E‘ E Re Generator | ;
3 B Noise Floor LMIO 2 N .
10° .
Noise Floor LMIO 1
S R 'R = |4KeT
L Noise Floor LMO 3 n— 4\ R
| [ RunRms =
107== ———— Channel 0003, Dataset 5023 0.80 v, =i, X Rypp = \/41(3 X 300 K%
— Channel 0002, Dataset 5023 2.10 0V L
— Ch 1 0001, Dataset 5023 0.42 = 3 —
B anne atase NAmp 3@
+ | | | | | | 1 | | L1 111 | | | 2 2
3 ; i N = [vi+ N
- 1 W 10 Frequency [le(] Total \/ n T Amp

There not seem to be additional components of noise above the noise level
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Calibration spectrum

counts / 3

10F

10

Filtered with wOF using templates from the first 10 days of background

Stabilized with pulser

Calibration peaks: 511 keV (e+/e-), 2615 keV (Tl line), 911.2 keV and 969 keV (Ac-228)

LMO-1

et/e—
Ac—228 911. 2
N

‘/Ac—228 969

0 500 1000 1500

Entries
Mean
RMS

Integral

7278
522

478.6

7278

AR |

2000

T1-208 2615

2500
Encrgy

Detector LMO-1 LMO-2 LMO-3
2615 Tl line ~ 10 keV ~ 8.2 keV ~ 22 keV
FWHM
Baseline ~ 10 keV ~ 6.2 keV ~ 20.5 keV
Resolution
FWHM
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Full statistics total background energy spectrum

103 L i { i

= Bi-214 609. 3 keV Entries 51906

i / Cuts:

~ Mean 688.2
i - 64. 5 kv RMS 601.5 RejectBadIntervals

' Integral 5.191e+04 . .
2204. 1 keV SingleTrigger
10 _T1-208 2614. 5 keV IsSignal
| BaselineSlope | <0.00022

LIULHMM | ||| EI|“I~ l " NumberOfPulses==1

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500
Energy (keV)
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Discrimination power LMO 3/LD 3

& asE | 1 1 |
Q C Mean 0.2616 - a
- =, x| pp=-EX
* Discrimination Power (Energy>2 MeV) ~ 3.3 g \/Gﬁz 4 52
- ¢  epues /Y @
* Light Yield (B/y) ~ 0.33 keV/MeV e
g Y : N3 ~ | | Ui @verage value
E | o: RMS
20—
152—
1()3
— 3I— =
> [ -
3 B g L
Py — = . I L L 1 1 1 [ 1 1 1 ] 1 1 | L ! l Il L L
f.‘; % — 0 0.2 0.4 0.6 0.8
&0 — Light Yield (keV/MeV)
(] = :
S ‘. 2 i
© ’ = i
2 2 e |
. — j
e
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LMO2
_17\\Ilill\lilll\ill\li\III‘I\IIiII _’;_‘\I\Iillllil\l\illl\illlli\l\lill
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Energy (keV) Energy (keV)
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Discrimination power LMO 1/LD 5

Side energy (keV)

Discrimination Power (Energy>2 MeV) ~ 2.5

Light Yield (B/y) ~ 0.3 keV/MeV

illllitlllill\\
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1000

2000 3000

4000

5000

6000
Energy (keV)

Light Yield (keV/MeV)

a4 BE
(=)} : | Entries 253
8 B Mean 0.2359
ol )| S G~
g L X/ ndf 6.359/10
g L p0 33994321
8 25 [, ilpt 0.2999  0.0091
e = p2 0.08428 + 0.00712
r 3 21974397
C pd 007248 + 000843
20 __ = ps 0.04627 £ 0.00812 |-
15 1
25 5 :_ / ...... : i
2 0 i i bl | I P IN R S N
0.2 0 0.2 0.4 0.6 0.8
15 Ligh_t Yield (keV/MeV)
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Energy (keV)
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LD Load Curve scan



Test runs for noise studies on

R bol [MOhm]

2,0000

1,0000

0,8000

0,6000

0,4000
1,00E-15

We want to:

1,00E-14

1,00E-13

Power [W]

1,00E-12

1,00E-11

LDs

fr—

Bad thermalization ?

«‘1‘ —
L \ After heatin§<

LD 3

After heating one of
the detectors all the
other in the same
frame warm up and

“-‘ake around 3 hrs to

e recover
After heating

Wil LD 5

i~ 3 hours to

\ ruco\'erl

D

- 2 M3 |
| LD 3 ;J = k|
i fk =
= -1 LMO 1 = LMO 2
-\, | LD|5 m(__» =
\_ 3 il ] e ;w

e Scan of the ANPS and noise level at multiple working points (

e But the bad thermalization will influence our measurements.
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LC scan process for single WP

= -
E -
. -
= - :
»-500C + Resistance measurement part 1
This variation
translates into a
variation of the ~-600C Test run part 1
johnson noise
during the
measurement in the ~7000
part 1 —
we indicate this with — .
bands in the next 'BUGD:f L | 2
plots shown v - | i il Ll
= ‘ Resistance measurement part 3
Resistance measurement part 2 B I 1 P
—III|III|III|III|III|IIIiIIIlIIIlIIIlIIIlIII

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
time [s]
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ACt U a | LC Sca n Resistance measurement

Background run -- WP1 Background run -- WP2 Background run -- WP3

~ 7000 s ~ 16000 s ~ 4800 s
Data from run 500782 ch 13 Data from run 500783 ch 13 Data from run 500785 ch 14
E = g 1400~
T s
w1200
E 1000
= E a0l
= 500
Mw =
ol W———
[ a00™
 m— PRSP I S| PR U P ——— | = P S e S N S S S Y S S S SR N |
0 1000 2000 3000 4000 5000 ‘5000 7000 400 8000 00 4000 160 000 000 200 .

Small power input in the first 3 WP, no obvious heating.
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Actual LC scan

Resistance measurement

Background run -- WP4-2 l
~ 5000 s ~ 13400 s

Background run -- WP4-1

Data from run 500789 ch 14 Data from run 500791 ch 15
gms_ gmoi
%4000’— .% ssoof—
3500— =
3000—
3000—
2500—
2500 J{
2000
2000— =
E J_. _M_“_A_,_J.u.-—ul 1500
1500 e C
: ol L] I
1000—| =
B 500 J ‘ L I ecdaid L | J —
500— C
= IS RS SN HR RS AR NI A R N RTINS RO SN BRI B SR
o 000 2000 3060 4000 %060 % 7000 ‘7000 5000 8000 10000 12000 14000
time [s] time [s]

Background run -- WP5-1

Background run -- WP5-2

~ 4400 s

Data from run 500793 ch 15

3000

20001

WDWZ

= ENIEE EEAE FEE NN NN N ST WS S E
0 500 1000 1500 2000 2500 8000 3500 4000 4500
time [s)
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~ 16900 s

Data from run 500795 ch 14

5 2200
E
S 2000

sigy

1800
1800
1400
1200
1000

800

200

Ll .Mm_iu

I BTSN USRI T S U IS SAIN NI SN M S MR |
2000 4000 6000 8000 10000 12000 14000 16000 1800

time [s]




Problem on LD-3

LD-3 fails the test of the 2 MOhm GND resistance.

Possible problem in the FE gain = impossible to normalize the noise
correctly - we ignore it for the moment

Measurements of the test resistor on the board with the multimeter

will help us understand.

Still, it is working and usable for the CCVR runs

CH R_load
LD-3-GND 2,70E+10
LD-3-GND 2,70E+10
LD-3-GND 2,00E+09
LD-3-GND 2,00E+09
LD-3-GND 2,00E+09
LD-3-GND 2,00E+09

Gain

6623
6623
6623
6623
2938
1046

V_bias

928
28908
928
3597
6493
10011

V+

182
2753

6415

2968
2874

23

V-

343
-2232
3185
-2375
-4056
6731

Vbol Vbol/gain R (Mega)

805  0,01215461271 e
24925  0,3763400272 515

170 0176657104 supposed to

' be 2 MOhm

4395 0,6635965575

3512 1,195371001

1928,5 1,843690249 PROBLEMS




WP 1
o
E-A
E, 10
5
=
o
A
1078
1077

I_II||I|

2,0000

Average Noise Power Spectrum

S

This is probably due to uncertain RLoad valye

wrwir
‘

——

A

RUN RMS R (MQ)
Channel 0015, Run 500782 4.17 4.90

Channel 0014, Run 500782 2.16 2.35 Rload =27 GQ

lJIII|

Channel 0013, Run 500782 0.57 0.45

Illlll‘ ||IIII|

Noise Floor of LD-5 4.82E-9

pise Floor of LD-3 3.02E-9

NelN<
m

IllllJ‘

1

10 54 107

3
Fref!]?lency [Hz]



WP 3

Power [V/ @]
S
L

1078

1077

10—10

Average Noise Power Spectrum

i

I This is probably due to uncertain RLoad vaI‘Ae

RUN RMS R (MQ)
Channel 0015, Run 500785 4.06 4.24
Channel 0014, Run 500785 2.03  2.92
Channel 0013, Run 500785 0.58 0.453

-1c

o U"‘“I NI

i

Rload = 27 GQ

| |

|

Illlll

Noise Floor of LD-5 4.44E-9

oise Floor of LD-4 3.75E-9
pise Floor of LD-3 3.02E-9

10 5

10?

3
Frecl]gency [Hz]



WP 2

|

1077

Power [V/VHz]

107°

107

10—10

2,0000

Average Noise Power Spectrum

L

I
5 0000
B |
S |
AN bl
= N " AT SN, A‘ M
—
- RUN RMS R (MQ)
Channel 0015, Run 500783 4.28 5.18
— Channel 0014, Run 500783 2.18 321 Rload =2 GQ
Channel 0013, Run 500783 0.57  0.47
— 1 | | I - I | | | | L1 11 ‘ | | | | 111 l

|

Noise Floor of LD-5 1.49E-8

S e 7N eI -
I-lh"m l Noise Floor of LD-4 9.57E-9

lI
I loise Floor of LD-3 3.28E-9

|
|

| M 1 e |

| |

2
1 10 26 10

Frecl]gency [Hz]



WP 4-1
N
=
>
5
z
A~ 10°®

band width due to
temp drifts

1077

g~

]

TT] |
i

2,0000

- Average INoise Fower Spectrum

III’
k4

e %g%\/ﬁiﬁ%

Noise Floor of LD-5
6.29~6.47E-9

Noise Floor of LD-4
4.41~4.52E-9

Noise Floor of LD-3

3.06~3.07E-9
B RUN RMS R (MQ)
- Channel 0015, Run 500789 1.70  1.95~2.03 _
Channel 0014, Run 500789 0.76  1.14~1.20 Rload =2 GQ
Channel 0013, Run 500789 0.27 0.212~0.227
:—lllllll | | ll||||| | | |l|ll|| llllll
5 3
| 10 10° 10
217 Frequency [Hz]



WP 4-2

Power [V/ VHz

—
-,
%

107~

10—1()

2,0000

Average Noise Power Spectrum

Noise Floor of LD-5 6.28E-9

AN | Noise Floor of LD-4 4.41E-9

"M | Noise Floor of LD-3 3.06E-9

lllllll

|

RUN RMS R (MQ)
Channel 0015, Run 500791 1.65 1.95~1.96
Channel 0014, Run 500791 0.75 1.14 Rload =2 GQ

Channel 0013, Run 500791 0.27 0.211~0.212

| | lllllll | | lllllll I | lIllIII |

|

2 3
. 28 = Frecllgency [Hz]



WP 5-1

1078

Power [V/VHz]

band width due to
temp drifts

1077

20000

. ... Mverage Noise Power Spectrum

- - O T T — i W—. ¥ W W T WA

M AR'AYAY Al '

- Noise Floor of LD-5
. 4.11~5.21E-9
— Noise Floor of LD-4
— 3.55~4.17E-9
— Vo A A i AL VAL

Noise Floor of LD-3
3.04~3.07E-9

RUN RMS R (MQ)
Channel 0015, Run 500793 0.81 0.994~1.50
Channel 0014, Run 500793 0.47 0.674~1.02
Channel 0013, Run 500793 0.22 0.164~0.231

| | lllllll | |

Rload = 2 GQ

10
29

3
Fre(lqgency [Hz]



WP 5-2
=
=
2. 107
)
=
Q
(¥
107~
lO—lO

g

R bol (MORm]

~ Average Noise Power Spectrum

| Noise Floor of LD-5 5.21E-9

- IWL" W T Jm;‘.’t”m Noise Floor of LD-4 4.17E-9

T VA 'WW VY TN |l Noise Floor of LD-33.07E-9
|
RUN RMS R SMQ)
i oo oy oa Loim  Rload=260
Channel 0013, Run 500795 0.20 0.231
—lllllll | | Illllll | | lllllll | | Illllll |
[ 10 10 10°

30 Frequency [Hz]



Average Noise Power Spectrum

r— —
N
o LD5
= 107" =
> —
e |
— -
O —
2
o b
& b
V
-8
1078 =
10_9 — . ] . . . ~
— As expected, the noise will decrease in overbias region, '\
— however we still should evaluate between the amplitude and
— the noise 1
— RUN RMS
Channel 0015, Run 500782 4.17
| - Channel 0015, Run 500783 4.28
Channel 0015, Run 500785 4.06
Channel 0015, Run 500781 1.65
Channel 0015, Run 500795 0.76
-10 [ :
10 :lllllll | | lllllll | | lllllll | | lllllLl 1
2 3
| 10 10 10

31 Frequency [Hz]



Conclusions

Light Yield value agrees with previous measurements

Detectors are not well thermalized resulting in low intrinsic gain

For LD4 and LD5, they fit the noise floor for most of the time (except for Rload = 27GQ)
LD3’s noise is always lower than the noise floor (ch13’s GND check is not working)

Noise of the detectors is at the minimum possible level (no additional sources of noise)

Future Plan ' Analysis

Check the readout electronic board

 complete analysis of CCVR run

e estimate the level of contaminants (working on it)

* |sthe Rolad in the correct value? * Next CCVR run will test Chinese crystals

* ch13’s GND check e 4 crystals under installation



Thanks




Open the cryostat




Power [V/VHz]

Average Noise Power Spectrum

LD4

R

—
S
ee

T
=
O
=

WP 5

107

I IIII|I|

RUN RMS

Channel 0014, Run 500782 2.16
Channel 0014, Run 500783 2.18
Channel 0014, Run 500785 2.03
Channel 0014, Run 500781 0.75
Channel 0014, Run 500795 0.44

10_10__llllll| | | lIIllIl | | IIIIIII | IlIIIII | |

2 3
l e e Freclq(l)lency [Hz]




Detectors: 3 LMOs + 3 LDs

3,8MOhm

IS — .
on cold electronics EF W
i 0,8MOhm

6,4MOhm

not working after «———_  Lmo4 -

cooldown LMO3 LMO2

0,88MOhm
& on cold electronics EF
2,3MOhm ¢

=

0,37MOhm
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Background spectrum

LMO_2 ) focus on gamma region
g - % 160
- Entries 12670 - - ILMO 2 Entries 12621
:‘:" Mean 663 é 140 - Mean 644.4
2
KM STes e Bi-214 609.3 key  |RMS 4935
Integral | 267e+04 ]00:— / Integral | 262e+04
80—
- Bi-214 1120.3 keV
60— /
40:_ Bi/214 1764.5 keV
204
1] TR . L T
3000 4000 3000 6000 % 500 1000 1500 2000 2500 3000
Energy (keV) Energy (keV)
Around 20 days of background without Bad Intervals contaminants from the U-238 chain
Detector LMO-1 LMO-2 LMO-3

Cuts efficiency ~ 78 % ~74% ~85%




