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CRP6 Changes

e CRP6 uses an updated design compared to the CRPs already installed for
ProtoDUNE-VD

e Electronics changes:
o Updated FEMB design, mostly with minor changes for improved monitoring and additional
ground planes
o 27-meter cables instead of 25-meter cables

e CRP changes:
o Updated anode production technique (for easier assembly)
o New edge cards (connecting anode strips to the electronics)
o Replacing the former copper ground plane with a bronze mesh incorporated into the composite
frame

e Just completed testing in the NPO2 VD LAr coldbox



Ground Mesh e CRP6 tests a design with a bronze mesh built into the
composite frame, with grounding braids screwed into it
and going to the FEMBs

Multimeter measurements showed resistances of >= 0.8
ohms between the FEMBs and the ground mesh
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Faraday Cage Tests

- CRP6 Noise Levels in Faraday Cage

e CRP6 tested in Faraday cage in
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FEMB Issues During Coldbox Preparation/Cooldown

Affected FEMB

FEMB 18

One COLDATA
on FEMB3

FEMB 10

FEMBs 2 & 12

Issue Description Severity
25% of 12C writes to one
ColdADC fail

Requires short-cable line driver
settings (intended for upper
APA) to not have corrupted data

Cannot be powered. DC/DC
module readings suggest the
power line is disconnected.

Inoperable in LAr

Do not respond to FAST
commands. Can still be
powered normally.

Inoperable in LAr

Resolution

Replaced before beginning of
coldbox test. No issues with
replacement

Hard-coded the corresponding
WIB to provide the appropriate
FEMB settings

Still broken after warmup. Will
inspect power cable.

Self-recovered during
warmup. Will inspect cables
and connections



CRP6 Coldbox Noise Performance

° Noise levels didn’t worsen, but remained suboptimal at cold

We observe the same old problems with channels losing
connectivity in LAr
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Pedestal RMS (ADC Counts)

CRP6 Noise Performance in LAr

CRP6 Event display, raw ADC hits
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e Noise is coherent within sections,
but not across the whole detector

30

L U fogdh
v "

100
CRP6 Noise Levels in LAr Coldbox
i H .
1201 i i . 200
| 1
Color-coded | ! x
1001 py FEMB ' I 2
E i o 300
1 1 E
801 : ! =
| 1
1 1
60 - l : 400 .
i i Mo ‘
1 1 L h - " /
I 1 A
40 i : : @ 500 “:u, ‘ m ‘ : " ‘ ‘”_ ’ y v
20 : NP | 1\: J *}'.ﬁ o ‘, : i T e
/ W\ T % 4 ¥ ”
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000

Offline Channel Channel Number

Pedestal-subtracted ADC reading



CRP6 / CRP4 Comparison

CRP4/6 Noise Performances in LAr Coldbox

e  Worsened performance in CRP6 largely comes 80 : - : ) H H :
from increased magnitude and width of peak © CRP6 n LAr : : : ! ! :
around 25 kHz 704 ° CRP4inlLAr ! ! ‘ : : ! !

1
CRP4/6 Noise Power Spectrum Comparison : : : : : : :
. All Channels Summed 60 - 1 1 [ 1 | | |
10% 1 I I 1 1 1 I
CRP6 in LAr ] I Lo I I I ]
— CRPANLAr | & ! ! : | ! ! !
S 50 A 1 I I 1 1 1 I
= 1 I I 1 1 1 I
_ O 1 I I & 1 1 1 I
S ! 1 I I 1 1 1 I
: g 40 T R
iy =z I I I I I I |
: AT N
e E 30 1 | I | r | | |
g 1 I I 1 1 1 1
| NALY 31 |
3 207 . : I I A
2 A I I *
1 I I
10 - 1 [ I :
@ 1
II l T I T T II T
5 00 a6 &0 . 0 500 1000 1500 2000 2500 3000
Frequency (kHz) Channel



CRP6 Noise Comparisons

CRP6 Channel FFT Comparison
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CRP6 Noise Studies

e Noise levels are better when only some subset of the FEMBs are powered
o  Consistent with power/grounding issues as the cause of excess noise

FEMBs 4,9,11,15,16,21,22,23 only
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Pedestal RMS (ADC Counts)

CRP6 Noise Studies

CRP6 Coldbox Noise Levels
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Channels with Broken Connections

CRP6 Noise Levels in LAr Coldbox 2nd IndUCtIn Plane 150 We Can See
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Channel CRP6 in Warming Coldbox (230-270 K)
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Summary and Next Steps

e CRP6 has now been extracted from the coldbox

e The noise performance of CRP6 is notably worse than that of CRP4+5, with
worsened grounding being the suspected culprit

e 3 (!) FEMBs had presumed cable-connectivity issues at cold

e Channel connectivity issues at cold from edge cards persist

e Next Steps:

o Replace the bronze mesh with a solid copper plane again for another coldbox test in January
o Investigate/replace the problem FEMBs and edge cards

e Fortunately, the noise issue is visible at warm
e Unfortunately, some of the cable issues may only be visible in cryo tests



