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Introduction

In that presentation I'm going to show the current progress in the design and construction of the CACTUS

FOR VERTICAL DRIFT (CACTUS VD)
A "“’5
 AGY>

Cryogenic Apparatus for Control Tests Upon SiPMs

* From Horizontal to Vertical drift

» Cactus vertical drift

» Cactus architecture and task

 Room and hardware for the facility

* Firmware for the control
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From Horizontal to Vertical drift

The FD2-VD design will implement the same PDS as HD and scintillation light will be
detected by silicon photomultipliers (SiPMs), but with a different configuration.

SiPM boards tested with
today CACTUS HD

Each SiPMs has dimensions of

6 x 6 mm and each of them is

grouped on one flexible Kapton SiPM flexible board
PCB strip > Flexi PCB (flexi) to be tested with
(30 cm -> 20 SiPMs) future CACTUS VD

Realistic View
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Flexi board diagram

Flex board
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Equivalent circuit for the passive
coupling of 20 SiPMs of the VD PDS.

Five groups of four SiPMs in
order to have:

« advantages of ensuring the
same potential on the
surface of the SiPMs, and a
small capacitance, hence a
lower noise and generally
faster response time.

« the AC signal is read in
differential mode in order to
increase the S/N ratio.
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SiPMs in FD2-VD - CACTUS VD

The FD2-VD design will implement the same PDS as HD and scintillation light will be
detected by silicon photomultipliers (SiPMs), but with a different configuration.

* The expected installed quantity of Photosensors
Table 6.3: PDS reference configuration for FD2-VD is 107520 mounted on 5376 FLEXI as
Component Description Quantity |nd|Cated at page 234 Of “DUNE Fal' DeteCtOr
S wl, 16 pe shortcmengeon waly, 520 Goube e Vertical Drift Technology - Technical Design
modules (cathode plane); 672 total. Light collection ”
area 3600 cmg,-’moZule,-’side : Report .
Photosensor ~ Hamamatsu and FBK 160 SiPMs per module; 107 520 total )
Tt SR ( * These 107520 SiPMs are both Hamamatsu and
SiPM signal 5 groups (in series) of 8 flex PCBs per module; 5376 total
..... ing A SiPMs (in_parallal) per FBK 6 mm X 6 mm.
flex PCB
dertoncs i condtion 2 channels/mocle TR tora * We consider 5800 flexi for spare, preliminary test
Calibration Pulsed UV via field cage- 15 fibers per roof penetration; 20 penetrations per
and monitor- mounted fibers ; side; 600 Fota\ ’ ’ ’ and some WaSte
ing
* SiPM connected to each other in a non-separable
configuration
* The device under test is the entire flexi.
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CACTUS VD: an overview

The CACTUS Vertical Drift facility (Cryogenic apparatus for continues test upon SiPM)
IS used for the massive testing of Vertical Drift SiPMs.
The VD facility is similar to the HD one.

The system consist of:

Mechanical stage: motorized arm 100 cm long

Warm electronics: 1 warm board with front-end, 1 temperature board with some
auxiliary boards.

Cold electronics: 1 cold boards hosting 30 SiPM Flexi boards each (30 x 20 = 600
SiPM)

Automatic LN2 refilling system: ARPEGE 75 L

The operation is managed and monitored via a PC server equipped with a LabVIEW
program

6

453 | UNIVERSITA —
c 4 é DEGLI STUDI I N F N UNIVE;}ISITA A
R S/ DI MILANO ~ MILAND DI PARMA

10/09/2025 DUNE General Meeting — Valencia




Measurement time estimation (roughly)

Time estimation considering the knowhow of the current Cactus HD

« 1 cycle of 30 flexi a day, 200 days for 5800 flexi
« Slight delay can occur due to ordinary maintenance on the connections

« CACTUS VD will be installed and run in Milano Statale, INFN sections involved in
the production test:
Milano Statale
Milano Bicocca

Catania
Palermo
_ _ £S5 | UNIVERSITA
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Measurement procedure

Check set-up and LN2 level

Scan flexi = scan the QR code

|-V Curve @ room T
-V Curve @ LN2 T

|-V Curve extended @ LN2 T in complete darkness

Pilot the slider to the desired position “Room T (highest level
reachable) or “LN2" (totally immersed in LN2)

Thermal Cycles: we mean the immersion of the Cold boards in LN2,
followed by their extraction and subsequent thermalization at room
temperature
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CACTUS VD architecture

Cryopala
ARPEGE 75

UNIVERSITA
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Room identification
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Dewar 75L

@376.5 @3T65

¢ — Max LN2 level

(625)
100 % Liquide

350
350

480

100% Liquide

Cold board ARPEGE 55

ARPEGE 75

Selected for CACTUS VD Used for CACTUS HD
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Cold Board
*éTemperature sensor
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Test board

MB-1-XXX ™
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Temperature board

Raspberry board (purchased)

Mother board designed by INFN Ferrara
(Thanks to Marco Guarise)

Three boards for the three PT100 temperature
sensors reading (for cold board monitoring)
(purchased)

All the components have already been purchased
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Warm board

Arduino board (purchased) <

Warm board designed by INFN Ferrara
(Thanks to Marco Guarise)

Front end daugther boards (analog amplifier for |-V
characteristic current reading) designed by INFN Ferrara and

modified in order to fit with the SipM VD characteristics.
(purchased with spare)

= 2.4 -2 u___:u

g
£
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1=

All the components have already been purchased

Support plate
manufactured by
INFN-Milano
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Mechanical

Higher than the actual
Cactus HD
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Dewar cap/warm board support
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Cold board support flanges
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Cold board light shield

o 1 2 | 5 i 1 “
CRONOLOGIA REVISIONE
zZoNA | REV  [pEscRIZIONT  DATA  [APPROVATQ 340
| | | | a3p
30| 10 125 10 125

= [—

+—1

A(1:2) 15 A

i 12 k -—ilﬂ
il
|
|
|
|
|
|
|
|
!

=
==
==

T
-

N

—

|
|
|
|
|
|
|
|
|
|
|
|
L

1 |
10 @25 PASS
¢2.5 PASS M3x0.5 - GH ¥Fil completa
M3x0.5 - BH ¥Fil completa 10
4 4 e _____T__T_%I —
K
g 135 125 | z
r T A
Smussl salvo dove diversamente Disegnato: |ControllatolApprovato: |
incficato: 0.5 x 45 mm ba: |F. Alberti
Raccordi salvo dove A Capson
diversamente indicato : 0.5 mm  [papa [ 3pm7izoas

Rugosith massima satvo

dove diversamente indicato: !__._)
pcbe mnrs froficarizra di tolm mnan L” -

“Graco di prechione madie Us TP

Sezione di MILANO

UNIVERSITA =
DEGLI STUDI INFN . (\
DI MILANO MILND  “DibaRma

19 10/09/2025 DUNE General Meeting — Valencia




Mechanical stage

« SMC LEFS32B-1000B-R1C917 1 meter long

» Delivered in August 2025 (same model but
longer of CACTUS HD in order to use he same
software)

« Very long time for purchase
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Measuring instruments and others

« Power supplies for the hot board, temperature board
» Auxiliary power supplies

« SMU (Source Measure Unit)

 (Cable, connectors,...

- etc...

KEYSIGHT B2962B

Given current experience,
some parts that are
subject to wear have
already been purchased
taking replacements into

account.
. . £S5 | UNIVERSITA
21 10/09/2025 DUNE General Meeting — Valencia e | DEGLI STUDI INFN onveRsiTA
(] MILANO DI PARMA

% | DI MILANO



Firmware 1/4

A Python code runs on Raspberry
« For reading the three temperature sensors placed on the cold board.

i \ , Raspberry Th Thonny - /home/pi/... pi@raspbemypi: ~ Tl 1028
v o ox
A\ Switch to
* oy (>
New Load Run Debug
temp_meas.py
import os

import pyvisa

import psutil

from datetime import datetime
from datetime import timedelta
import time

from threading import Thread
import queue

import board

import busio

import digitalio

imnnrt adafruit mav31RAS -

Shell
SENSOR: O MEAN T 25.74 MIN 25.73 MAX 25.8
SENSOR: 1 MEAN T 26.02 MIN 25.97 MAX 26.02
SENSOR: 2 MEAN T 24.99 MIN 24.96 MAX 25.01

2025-09-08 10:28:18 -
SENSOR: @ MEAN T 25.74 MIN 25.73 MAX 25.8 e Modifica Schede Aiuto
SENSOR: 1 MEAN T 26.03 MIN 25.97 MAX 26.03
SENSOR: 2 MEAN T 25.0 MIN 24.96 MAX 25.01

2025-09-08 10:28:23

SENSOR: @ MEAN T 25.73 MIN 25.73 MAX 25.8
SENSOR: 1 MEAN T 26.03 MIN 25.97 MAX 26.03
SENSOR: 2 MEAN T 25.0 MIN 24.96 MAX 25.01

2025-09-08 10:28:29

SENSOR: @ MEAN T 25.74 MIN 25.73 MAX 25.8
SENSOR: 1 MEAN T 26.03 MIN 25.97 MAX 26.03
SENSOR: 2 MEAN T 25.0 MIN 24.96 MAX 25.01

2025-09-08 10:28:34

SENSOR: O MEAN T 25.74 MIN 25.73 MAX 25.8

SENSOR: 1 MEAN T 26.03 MIN 25.97 MAX 26.03
SENSOR: 2 MEAN T 25.01 MIN 24.96 MAX 25.01

Done
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Firmware 2/4

A Python code runs on Raspberry to:

« Manage SMU

 Manage Arduino

« Collect data

* The code has been modified to respect the one used in CACTUS HD

File Edit Format Run Options Window Help

#import psut
#from datetime import datetime
m datetime import timedelta
time

File Edit Shell Debug Options Window Help

SENDING TO RASPBERRY: SMU set 0.1

ADDR_SERVER = ('1 SENDING TO RASPBERRY: SMU set 0.2
ADDR_GLIENT = ('1

SENDING TO RASEBERRY: SMU set 0.3

sock_client = soc

sock_client.bind( Output : VOLTS
count = 0 SENDING TO RASPEERRY: SMU set 0.4 cv +00 . 90000 V
measString = ' 0,0000 A LUmt: +1.000000 A

while True: +00.800 V

SENDING TO RASPBERRY: SMU set 0.5
Output : VOLTS
#measString=

neassiring ¢ 000.0000m

stringToSend SENDING TO RASEBERRY: SMU set 0.6 =
print (" SENDIN

sock_client.s SENDING TO RASPBERRY: SMU set 0.7
time.sleep (1)

1 SENDING TO RASPBERRY: SMU set 0.8

SENDING TO RASEBERRY: SMU set 0.9

Ln: 687 Col: 0

UNIVERSITA
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Firmware 3/4

The C code runs on Arduino:

It control the gain, ADC, DAC, MUX of the warm
board

The code has been modified starting from the
CACTUS HD version
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Firmware 4/4

A LabVIEW server code runs on a PC:

|t control the mechanical stage position

CACTUS mainvi Block Diagram
Fle Edt View Project Operste Tooks Window Help
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[Initialization of Mechanical Stage (MS) resource]

TCCOONCOOONNCCUNNOOO0IO000TEb0000000T00N

MS STATUS

Enable M

T COONCOOONNCCUNNOOO0IOO00 0000000 T00N

Imitialization of UPD connection with the Raspberry (CB Temperatures)|
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[t} s
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Mumeric Position
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« It send to SMU the voltage setpoint for the |-V characteristic

The code need to be significantly modified

respect to the one of the

This is the part that requires the most effort and time to be completed

Luminesity
Do 255

Initialization of an array of references to the string boxes
land color boxes relative to each of the 120 SiPMs

ARRAY

2 ColorBon

Color Ban

1

CACTUS HD.
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SMU, parameter
analyzer, power

supply

Mother board

LabVIEW and Raspberry

server

Warm board

Thanks for the contribution to:

Thanks for your attention Marco Guarise (INFN of Ferrara researcher)
Tommaso Gianmaria (INFN of Ferrara researcher)
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