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Why GRAIN in SAND?

 DUNE ND complex needs to constrain systematic
uncertainties

« SAND is the unique detector permanently on axis

GOALS of SAND on cCh-
. \on
- monitor for beam parameter changes \n\e‘ao\ of
on a weekly basis . Oﬂ'ﬂac\‘
. . \on
- perform cross-section studies on \n\eYaG\ N
different nuclear targets .0 GRA
‘O“
= Vu, Ve,V ,Ve ON-axis sample \ﬂ\e‘ao“

for a robust LBL analysis in combination with ND-LAr+TMS
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Events in GRAIN

Target CP optimized FHC (1.2MW, 2y) CP optimized RHC (1.2MW, 2y)
v, CC v, CC ve CC D, CC v, CC v, CC ve CC 7, CC
CHy | 13,010,337 | 624,330 | 192,118 | 31,902 | 2,035973 | 4,870,562 | 91,004 | 69,278
H 1,222,576 111,574 18,396 5557 194,216 906,130 8,712 12,434
C 1,547,011 67,294 | 22,799 3,458 241,710 520,287 | 10,800 7,460
Ar 3,114,331 121,506 46,384 6,503 480,862 936,489 21,932 13,867

Pb | 62,127,600 | 2,507,940 | 923,012 | 130,680 | 10,375,400 | 18,222,200 | 437,284 | 265,304

0.1 neutrino interactions per spill

A good sample for:

- inclusive/exclusive CC sample with a magnetic spectrometer €< ND-LAr+ TMS

- cross-section constraints / tuning nuclear model

- a comparison with hydrogen interactions SAND multi-target

NX(Erec) — / dEu (P(Eu) Posc(Eu) UX(EV) Rphys(EU, Evis) Rdet (Evis, Erec)

at NEAR v ~1
\ SAND LAr interactions

@ INFN U\
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GRAIN requirements

As a passive target:

- thin volume (minimum number of X)) \.\m\\s ot
- thin cryostat \(00

As an active target:

- contribute to the neutrino energy reconstruction, for recovering the energy
lost in LAr

- identify the interaction vertex and tracks of contained particles (protons, pions)
- matching with back-propagated tracks from the tracker.
- select interactions in terms of exclusive final state particles

widens phase space (large angles w.r.t. beam axis, lower momentum +
short particles not exiting).

- exploting the high resolution O(200 ps) timing information
«  SAND is the unique fast detector in the ND complex
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Inner vessel

Preliminary studies has been carried out, but the
design has to be certified for EN13445 standards.
An order for calculation has already been issued.

Issued by Atoboso Design number FT3383
'hﬂll'l!tﬁ Date 07.01-2021 Customersname  TALSEAL [18028]
s Version A Asked by

HELICOFLEX® HN230 - Cross section=5.60/6.10
Outer jacket made of Al
2984.90 x @996.10

In the meantime, Technetics is e ~

conducting a study to validate the

identified Helicoflex gasket in : =

order to ensure a leak rate of o

108 mbar-l/s
Bl = e
=== i, 10
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Internal vessel design

» Material: AISI 316 L

« Body wall thickness 6 mm
« Cover thickness 30 mm

* Internal pressure 1,5 bara

4 DN160 CF flanges per side, feedthrough to be defined.

Suspension is provided by 2 stainless steel wire ropes with a

thickness of 5 mm
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Vacuum tank

2050

Fa
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Vacuum tank

SamplingPoint.1 MP,AP Polar Properties
— E1 — TS

.....
-------

« Lay-up sequence main body:

........

[ (45/0/45)19 ] + Core + [ (45/0/45)4, ]
Core thickness 40 mm

« Covers in aluminum alloy AA7075:
Preliminary thickness optimization 12-24 mm
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CFRP samples

In order to understand feasibility of vacuum
and to choose the best solution for the future mock-up,
a campaign of outgassing test is currently underway in

LNF.

Different samples with different coatings (aluminum foil,
various resins) have been prepared by Refraschini
company and are ready to test.
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Sliding system

IPE beam
like:

h=66 mm
b=53 mm
tf=8 mm
tw=6 mm
L=1800 mm

Montanstahl can produce

, L laser welded customised
C beam IPA hot rolled, dimensions: orofiles in 316L

60x30x5 mm, 1600 mm long 1500 € for 3000 mm ca

T Plate 200x12x900 mm
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first vacuum tank for LNL facility test

To test cryogenics in LNL,

it has been decided to use a temporary stainless steel vacuum tank

Almost all details have been discussed with the company CryoService

that is starting to manufacture. It will be ready in 6 months

2386

~<

f- a
400
300 | 300
[n10] I+ 1 5
4_L==r==l3
(P 1] .0
v e 2 It 3,
0, )
! N
Y, I N2 \
° o £ \\o
3 i 8 (N -\
y B Y B e
I ‘11‘ 7_ | —
| &
ol g ;5\ et BE D qu
o \ L) =]
3 °\ A ‘. 2 {]
\ A o
3
\.\ " 15 /;
LN )
~, |
> S s
A ey ]
)
=
ol 3
1150

1210

A-A(1:25)

1400

2080

210

750

I[P R3472

EST. #2032

INT. #2016

1545

2558

18

11/07/2024

Gianluigi Piazza




CRYOGENICS FOR GRAIN

CSN1 Review of SAND
July 11th-12th 2024

R.Pengo, G.Piazza & the cryogenic service of LNL



FNAL final destination layout

8m

11/07/2024

R.Pengo, G.Piazza & the cryogenic service of LNL

Proximity
cryogenics of
GRAIN
(preliminary
Layout)

KLOE
Cryostat
and
Magnet




- Existing LN2 tank outside
- Four new transfer lines (vacuum insulated)

Refurbishment of LNL lab N oUT for N2 /N2

- IN/OUT for LAr/GAr
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LNL preliminary layout
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RE-CONDENSER

. | SIMPLIFIED P&ID

i
;
i : TT: Temperature Transmitter
2 ¢ PT: Pressure Transmitter
PURIFIER i PDT: Differential Pressure
s Transmitter
B FT: Mass Flow Transmitter
/% CV:Control Vave
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GRAIN

Phase
Separator
(PS)

GAr Re-
liquefier

GRAIN
Cryostat
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Normal operation

GRAIN Piping & Instrumentation Diagram
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1) Centrifugal

pump is circulating

the LAr:

- through the
purifier

- to the phase
separator (PS)

2) The GAr boil-off
of both the
cryostat and of the
PS enter the re-
liquefier, where it
is liquefied with
the aid of LN2 at
the pressure
corresponding to
LAr (ca. 2.8 bar)
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Cryogenic specifications

Recirculation of LAr will be provided by centrifugal pumps: one at LNL, two at
FNAL (one redundant)

Maximum heat load 1500 Watt (800 liters LN2 for 24 hours of operation)

Mass flow of LAr max. 20 g/s (one GRAIN volume in 20-24 hours)

Maximum head (Delta P) necessary: 0.5 bar (3.5 m) at LNLand 1.1 bar (8 m) at
FNAL

Two filters needed (copper spheres): one dismountable/replaceable for
regeneration

Control system according to UNICOS CERN (WINCC OA) (see scheme)



Cryogenic specifications (status)

- Recirculation will be provided by centrifugal pumps (one at LNL/two at FNAL,
one redundant)

- Maximum heat load 1500 Watt (800 liters LN2 for 24 hours of operation)=> To
Be Confirmed

- Mass flow of LAr max. 20 g/s (one GRAIN volume in 20-24 hours)

- Maximum head (Delta P) necessary: 0.5 bar (3.5 m) at LNL and 1.1 bar (8 m) at
FNAL=> contacts with Barber&Nichols ongoing

- Two filters needed (copper spheres): one dismountable/replaceable for
regeneration => C. Montanari

- Control system according to UNICOS CERN (WINCC OA), the same for LNL and
FNAL =>(see detailed scheme prepared by LNL cryogenic service, order placed)

11/07/2024 R.Pengo, G.Piazza & the cryogenic service of LNL 14



Summary of the design status of the cryogenic components

Inner vessel (SS): designed completed

Vacuum tank for the test facility (SS): designed completed (see
G.Piazza talk)

Vacuum tank for FNAL in Carbon fiber reinforced polymers (CFRP):
design advanced

Centrifugal pumps for LNL (head 3.5 m): design available (B&N)
Centrifugal pumps for FNAL (head 8 m): new design to be agreed
with B&N

Phase separator: design available

Re-condenser: design available

Filters/purifiers: specifications available

Control system: design ready and order placed for hardware
Functional logics: to be prepared (UNICOS)




Re-condenser

This U-tube heat exchangeris
dimensioned for 1500 W.

The boil off is produced by the static
heat load, detectors heat load and
feedthroughs.

The GAr formed has to be
re-condensed and sent for gravity to
the recirculation pump

11/07/2024 R.Pengo, G.Piazza & the cryogenic service of LNL 18
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Purification filters

DN160 CF Flangs i

Made of molecular sieve (sintered disk) and small spheres of Al203
coated with Cu
One purifier for the filling and two in parallel for the recirculation

The filters have not been sized and designed yet.

In order to dismount and regenerate the filters there will be placed a i
CF flange and a manual shut-off valve on both sides;
in this way the filter can be removed and installed, preventing air from :
entering. 3
DN160 CF Flange mi I
28/04/2024
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DN40 CF Flange
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Electric control panel

The project has been completed with the help of LNL
cryogenic division staff, and all the material has been
delivered to LNL.

Analog Input: 52
Analog Output: 21
Digital Input: 14
Digital Output: 9

2200

Plus some spares

28/04/2024

11/07/2024 R.Pengo, G.Piazza & the cryogenic service of LNL
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Optics and reconstruction with lenses
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Materials and design

* Materials
- Fused silica HPFS 8655 need of xenon| T
doping of Argon S —=

~ Both successfully

light shield

LAr —_ lAr

- Alternative option: usage of MgF2 — no : plane
need for xenon doping tested in LN, —
— 2
* Design e -
- Type A: Two plane-convex lenses > / e
gas between the two lenses
- Type B: Single bi-convex lens - |
gas between the lens and the sensor
. SiPMs:
- Matrix with 32x32 SiPMs with different - HPFS 3655
sizes:
- (Imm, 2mm -> baseline, 3mm) " SETRERREEARAR A NAAAEE AR R RARAAAANARRAREARRAY
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Example of the simulation results

« Geant4-based simulation framework implemented

« Capability to simulate both single interactions and spills

Power and
Optical Link

VUV lens

AN

LAr
LAr

L ¥ ™\ asics

Light shield__.,

and support baffle Focal Plane

* x(mm])’

1 GeV muon parallel
to the lens central plane

5 11-07-2024 A. Caminata — A. Campani | Optics and reconstruction with lenses @ (\




Grain performance
reco and track containment

ZY (side) XZ (top)

Reco

- Contained Not contained

s True
I NGNS Not contained 247 (~3%) | 8269 (~ 97%)
Contained 3301 (~ 74%) | 1186 (~ 26%)

15k v, CC sample and 5 cm FV cut from the cryostat walls
GRAIN+STT info used here

- 9 10
i_ ~ - Ea %i | - _i: g 9 180(
] B ¥ - - g S T o
: S A ST I S ﬂ B 160¢
ELET j f= i = i ] i T - i 7 140(¢
- T = E .':y.. - = -A-V ] V - V_ e 6 120(
=N S R P R ]
I i e 1 B i .
s : ’ e : (c) Top cameras (d) Bottom cameras 3
- H | T 2
s ]
0O 1 2 3 4 5 6 7 8 9 10
(a) Left cameras (b) Right cameras N of visible tracks
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GRAIN performance -track reconstruction

» Track reconstruction in 2 steps: » Vertex detection performance

Vertex X residuals Vertex Y residuals Vertex Z residuals

2D analysis of the camera images and fit .t == |. == L =
of the tracks - - )
- 3D matching of the different tracks . - 1

based on projective geometry or e (é) e (é) e B S (s) I
. . a b c
Voxe I |Zat|0 n 2D pixel 2D pixel

on CAM1 voxels seen /| on cAM2
\\. by 1 camera '
s, / AN
3 4 \ 4
E | =G g . .
£ « Angular resolution, energy resolution
S L voxelseen oA b
4001~ r by 2 cam
F 400
300 / 7
200 el / 200/ % 1 % b 3 7?:.?;‘:’5”’21”;'
b L 3 S ool E
100 h -" [ 140[— f,
o iy I - e a -
L 00— r
100 200 E 2
o : 3 ;—
E 400 3 E
300 [ F Iriy PR
of o - . -
_400:_ L —10 5;5[ ssssss 2 ( oo E,,
E 600 (b) Angle ZY (b) (Ereco — Brrue)/Brrue
_5cviw|\u\\uu\uuhu\\\\|\uu|uu\\ Colovaily | e b b b
-200 -100 0 100 200 300 400 500 200 100 0 100 200 300 400 500

Z [mm] Z [mm]

(a) 7X (t0p) (b) ZY (side) More details here
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https://iris.unige.it/handle/11567/1105305

Projective geometry

 Algorithm for track reconstruction under development by Lecce group

CAM 348

« Single track: tested

Test with 2 tracks from neutrino
interaction: in progress

T - Global Multiple View Reconstruction of a Track
e The track is detected/seen by N cameras
e Thereare M = % possible double-view reconstructions for the track
- e We perform M reconstructions
I e | e We take the mean value of the M possible reconstructions for each line parameter
(director cosines (I, m,n))
B o Tl | Siomn | B 21)
L M M M
o } 1, J camera indices
R e Analysis of intercepts of the M reconstructions

8
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LArRI:

A new setup to measure Liquid Argon Refractive Index

LAr: most widely used scintillator, excellent =y Five Slit Diffraction
properties at low cost I

Xe-doping shifts s. peak to A,=175 : s

nm: increased uniformity, simplified detection N

Main goal: direct measurement of LAr '

refractive index crucial for imaging systems HH I

Further goals: - A diffraction grating is used and when |

o Characterize optical properties of LAr immersed in liquid the diffraction

« Measure dispersion relation peaks position depends on A, =Ay/n

= Measure the attenuation length * We need a light source:

o Extend to other liquified noble gases o Peak @A, coherent and monochromatic

Key idea: compare the diffraction patterns produced by light in LAr and vacuum

10 11-07-2024 A. Caminata — A. Campani | Optics and reconstruction with lenses UniGe INEN r‘"' ',(\ -
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Laser runs

LArRI: results and next steps

« Consistency check measurements:
o Same medium (vacuum), 2 wavelengths
o Scans @402.9 nm vs scans @253.7 nm
o Results shown as deviations x 103
(n-1.5884) x 103

253.7 nmruns
« Compatibility of few parts per thousand!

* Preliminary results in liquid argon:
o Refractive index @402.9 nm nLAr = 1.24(1)
o Refractive index @253.7 nm nLAr = 1.24(1)
o Refractive index @184.9 nm nLAr = 1.29(5)
« Conclusions:

o System fully operational in vacuum and
liquid

o Analysis strategy validated
« Steps moving forward:
o Evaluation of the systematics
o Improve measurements @185 nm
o Take runs in LAr to achieve the target

12 11-07-2024 A. Caminata — A. Campani | Optics and reconstruction with lenses UniGe INFN L‘A'R\ —
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Optics and reconstruction with
Coded Aperture masks

Valentina Cicero

CSN1 Review of SAND
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GRAIN Reconstruction algorithm

 Directly reconstructs in 3D dimensions the initial photon source distribution in a
segmented volume (voxels)

« Combines information of multiple cameras at once

i te ra ti O n n . O Reconstructed voxels

« Maximum Likelihood Expectation Maximization
(MLEM) algorithm:

* iteratively converges to the photon source
distribution that maximizes the likelihood of
detecting the observed images

* Implemented for execution on (multiple) GPUs

4 11/07/2024 V. Cicero | Optics and reconstruction with coded aperture masks INFN E‘J'l.R\E




GRAIN Reconstruction algorithm

* Photon counting is described by a Poissonian pdf:

Hg : .
f(Hsl[/lsD _ e_[;LS] [/15] [,15] — /1], p(i, S) — p(j,s) probability of a photon

that originated in voxel j is

1 \ H S ! / J \ detected by pixel s

[A;] detected

; Hs nu;nbﬁr of photons A; unknown photon

etected photons ) L _
emission in voxel

by sensor s expectation value J

« Likelihood for all sensors: Reconstruction algorithm:

] - . ' . k

Hg!  maximization | 2510, $) sz(],s) A
k iteration

number

5 11/07/2024 V. Cicero | Optics and reconstruction with coded aperture masks INFN O
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GRAIN reconstruction algorithm

The algorithm key element is the accurate computation of p(j,s)

P (J,s) = P geometry (j,s) * P LAr (j,s) * P sensor (S)

- N

: Sensor Photon Detection
Solid angle

subtended by visible % Hole Efficiency

projection
sensor area through
mask holes

Intersection

Photon absorption in LAr
Depends on distance
between voxel and sensor

Sensor

Voxel center

6 11/07/2024 V. Cicero | Optics and reconstruction with coded aperture masks INFN (Ve



GRAIN CA imaging system

e Sensor matrix:

« Coded aperture mask:
« Random uniform pattern of holes
* Holes aligned to SiPMs, area: 3x3 mm?

« 32 x 32 Silicon Photomultipliers (SiPM)
« SiPM active area: 3x3 mm?

 Distance from sensors: 3 cm

32x32
sensor matrix &
SiPM area: ¥

3x3 mm? py 8

10cm

. ‘i N
3

N N

N

A

aperture
mask with
50% filled

Mask pattern

S~

Camera design was
optimized with
simulations in

simplified geometry

60 cameras in GRAIN
« covering elliptic sides + bottom and top rows

7
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Example

—20 —40

of reconstructed neutrino event

g\ ol v — Ar Charged Current Quasi-Elastic
cameras = 11| | | scattering

\

G| s, MCtruth Reconstruction:
I Pt | : ’“._ﬂt,rajectories
i B\ % ;‘p’/ 12 mm voxel size
gl TR R . 200 algorithm iterations

« Shown voxels with estimated photon
emission ~> 5% of max value

8 11/07/2024 V. Cicero | Optics and reconstruction with coded aperture masks INFN EJ’\J‘(\E



Muon reconstruction in GRAIN

Simulated sample:

* 1k muons crossing GRAIN along z

« Origin position: ( [-30, + 30], [-30, + 30], -50) cm

« Direction: 6 = [160, 180], ¢ = [0, 360]

« Energy =(1£0.3) GeV

Reconstruction:

* Voxels size =18 mm °

e [terations = 200

Angle between MC and
reconstructed track direction

Reconstruction time: ~ 3.5 min / event

- .
0 2 4 6 8
angle (°)

T
10

Track position residuals at z=0cm

z=0cm, x true - X reco

160 4

140 4

120 ~

100 4

80

60

20 A

mean = -0.02 mm
W St dev. = 3.87 mm

T
-30

T
-20

T T
-10 0 10 20 30

% true - x reco (mm)
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—600 —400 —200 0 200

z=0cm, y true - y reco

160

140

120 4

100 ~

804

60

201

mean = 0.04 mm

B ot dev. = 3.65 mm

T
—=30

-20

—-10 0 10 20 30
y true - y reco (mm)



SiPM matrix
(2 mm pitch)

Camera prototype

« Built 2 camera prototypes:
- 16 x 16 SiPM matrix
- SiPM area 3x3 mm? : :
Laser with

- Mask: stainless steel sheet 120 um thick, SR s ANE. - VEELELIE

optics
laser cut | for calibration

 Front end electronics with 8 ALCOR
ASIC

 DAQ with a Xilinx FPGA board

Mask with

* to be tested in LAr at ARTIC facility at

Genoa with cosmic rays X
(3 mm pitch)

12 11/07/2024 V. Cicero | Optics and reconstruction with coded aperture masks
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GRAIN readout overview and integration
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Argon Volume

Y vy

Y

-

Vacuum
and cryo

Cold Interface
Board (GCIB)

~

Camera
Board
(GCB)

J

DUNE
Timing
System
( Warm
~  Interface
Board
(GWIB)
DAQ and

Switches

Slow Control

LV and HV
Supplies

Slow

A} “p‘

Camera
Board
(GCB)

Timing

Control

Data

A J

Power

Camera
Board
(GCB)

Nicolo Tosi | GRAIN readout overview
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GRAIN Camera Board

* On the front side:

- VUV or WLS coated
SiPM Matrices

* On the rear side:
- One ASIC
- Afew LDO regulators
- Connection

Sensors

Power section

ASIC

Flat cable

4 Nicolo Tosi | GRAIN readout overview



GRAIN Mock Up Camera Board

A test board for thermal and electrical tests
* Validate commercial LDOs
* Validate full 1/0O solution

 Study bubble formation and mitigation

— ASIC simulated with equivalent
power Resistors

Power section

Simulated Load

LVDS loopback

Flat cable

5 Nicolo Tosi | GRAIN readout overview



Cold Interface Board and Flanges

A study is now in progress on the
optimization of /O considering:

* Availability of commercial
feedthrough flanges with high
density connectors (Sub-D or
similar) vs custom flanges

Example CF with 2x Sub-D 50 pin
(Allectra GmbH)

6 Nicold Tosi | GRAIN readout overview CINFN GUVE



Cold Interface Board and Flanges

A study is now in progress on the
optimization of /O considering:

* Choice of cables and
connectors as a compromise of
signal integrity (for at least clk
and data lines at 300+ MHz) vs
cost

Example Sub-D with standard
pins, Peek connector and

Example Sub-D with combined coax & pins polyimide cable
7 Nicold Tosi | GRAIN readout overview @?N DUVE




GRAIN Warm Interface Board

This board hosts an FPGA (and a CPU) to interface the ASIC with:
* The DUNE Timing System (dedicated fiber)

* DUNE-DAQ (10 GbE) R
* DCS (1 GbE)

Each board (one per flange) will support up to 8 Camera Boards

Reduce PCB and FW development effort/risk and possibly exploit
synergies with STT by using a commercial Zynq mezzanine with a
custom base board

9 Nicold Tosi | GRAIN readout overview @ DUNVE



Timing system integration
* Bristol designed a reference Timing
Endpoint

— They provide an FMC mezzanine,
FW and SW (uses Ipbus)

— Acts as master or endpoint
depending on loaded firmware

* We can plug these in our current VC707
DAQ boards

 Test integration of hardware and firmware
and learn how to use software tools

10 Nicolo Tosi | GRAIN readout overview
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Outlook

Activities that have started or will start in 2024
* ASIC development
* DUNE Timing System integration testing

* D-Sub connector tests with flanges

Plans for 2025:
* Design mock-up camera boards and cold interface board

* Begin design of Warm Interface Board

11 Nicold Tosi | GRAIN readout overview @PN DUVE



ND Timing System Overview

Accelerator <« mHz— GPS Disciplined
ACLK ez <« menees—]  Oscillator
----------------------- Surface=-===============+o===~--~
¥
AFC AFC
MIB
FIB FIB
"""" (8x YRR (8x
e SFP)

Up to 1536 endpoints

13 Nicold Tosi | GRAIN readout overview INFN A(VE
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INFN

The New ASIC for GRAIN

ASIC Specs, Architecture Validation
Timeline

INFN-LNF — Project Review
July 11th, 2024

Stefano Durando

Sofia Blua, Valerio Pagliarino, Angelo Rivetti




2 X 2 mm? (140 pF)
3 x 3 mm?2 (500 pF)

# Channels/ASIC 1024
Operating Temperatures 300K =-77K

SiPM Size

<Power Consumption> 5W/cm?°

On = 9.6 us (50 us)
Off < 0.1s

Integrator Dynamic Range > 100 PE
RMS, 4 (first PE) 100 - 150 ps / 1PE
RMS;,+ = ns

Threshold 0.5x 1PE
SNR

Duty Cycle

0 Set by the cryogenic condition, still under study. 00 Interspill =1.2 ms - 9.6 us

e tefano, Durando’™ 11/07/2028"
< A v . | AL < <
- "L—._ L\ e - A% N A\‘A " - T g m—




ALCOR Parent

* Parent ASIC: R&D with an external company

* UMC110 nm

* 1024 Channels, reading out silicon pixels

* The ASIC is bump-bonded to the pixels

* Key IP blocks like the TAC based TDC (30 ps)
* Basis for the following prototypes

\4

 ALCORV1

A Low power Chip for Optical sensors Readout

mT 4

Ilf

I

ALCOR’s Parent: 1024 pixel channels were bump-
bonded to the silicon pixels. The ASIC was wire-
bonded on the board

2 ALCOR chips wire bonded on the
dedicated board

Courtesy of Fabio Cossio (INFN) 3
Stefano Durando - 11/07/2024 — INFN-LNF




ALCOR Pixel Scheme

440 um
yd Y
7 ; Coarse counter /— X
{ \
, \
|
Vthi (+*| TDC1 Fine counter Data to bottom
S i e RCGs + Amps + Discs
._0— generator p
) L) TIAL TDC [**] TDC2 Fine counter
SiPM Anode/cathode Control [ \
input RCGs logic i
TIA2 —‘\ | TDC3 Fine counter o _— PIXEV
f 7 ata from
v"‘L./ 32bitx4 up channel e TDCS/
+*| TDC4 Fine counter Data control 3 Data
N i [ =
TDC1 <
7 < Control
TDC2 >—
Channel configuration block

TDC3
\‘\ /
\ TDC4 ——— /

\
\>‘> ' , //
Configuration from Configuration
bottom channel to up channel

ALCOR v1 pixel

Dominated by the analog
blocks (capacitors)

* 2 (Anode/Cathode) Regulated Common Gates (RCGs) Input stage
* 2 Independent Trans-Impedance Amplifiers (TIAs)

* 2 Leading Edge Discriminators (LE Discs)

4 TDCs =4 x(TAC + Wilkinson ADC)

* Control Logic: pixel config, TDCs operation and data transmission
5
Stefano Durando - 11/07/2024 — INFN-LNF



GRAIN ASIC Pixel Scheme

;

Payloads
TAC/ generator ‘ bottom channel

%ﬁ Coarse Counter —_—
Vihr _ m Data from FE + AmpS + Discs

Integrator|

Input SPM. Conrl |+ o o/ Bayeonier /|| /N
Logic ‘|‘ ] E
— N Data from
E FIFO top channel g-
1 <
T 2 x Integrators — Data Control <
f A
2xTAC — ALCOR based
Channel 2 TACS
Configuration Block 2 ] ntegrato rs + 4 Speeded u p
ADCs
| S
Configuration from Configuration from
bottom channel top channel

Based on the ALCOR scheme, with minimum changes:
* Regulated Common Gate input stage
Time branch: GRAIN ASIC pixel
* TIA+ LE Discriminators
* 2 Time to Analog Converters (TACs)
Charge branch
* 2 Integrators
4 Analog to Digital Converters with speed increased up to 4/8 times

Control: pixel config, ADCs/Integrators/TACs operation and data transmission 6
Stefano Durando - 11/07/2024 - INFN-LNF



Architecture Validation

* Ongoing validation of the architecture
by the collaboration for GRAIN .
detector’s physics with: Interactive GUI Arljpshhepeamiicrs

* Coded aperture masks

d Lenses Load the default

configuration, or change the
filename for loading a custom
configuration

* Python software designed in Torino
by Sofia Blua and Valerio Pagliarino

Load the waveform of the

single PHE current signal,

then choose the Rq from the

list box, finally press “Load w.” 4

()

* Inputs: time domain _x
reconstruction of a single spill
SiPM event \

* Behavioural model: Ideal
description of the pixel
electronics’ response

*  Qutput: numpy array (ASIC-like
output)

Load atimestampfile .

Press “Apply parameters”
and then “Run Simulation"

(@) @

* F|rst.results suggest the proposed S E0ENeEEER9HLICTNA 22000000 0O EER > B0 B
architecture meets the requirements

Courtesy of Sofia Blua and Valerio Pagliarino

7
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Architecture Validation

* Ongoing validation of the architecture

by the collaboration for GRAIN G

detector’s physics with:
Alcor front-end Orange: discriminator % Blue: values of the charge Green: coarse +
output waveform ' integrals, ADC codes fine timestamp

* Coded aperture masks

° Lenses Orange: discriminator rising
edges, green: f. edges

* Python software designed in Torino Output data frame, including
. i . . ADC output codes and
by Sofia Blua and Valerio Pagliarino identifiers bits
. i Single photoelectron current
* Inputs: time domain signal input waveform
reconstruction of a single spill

Input time-of-arrival

SiPM event of the incoming photons
* Behavioural model: Ideal
description of the pixel
electronics’ response
*  Qutput: numpy array (ASIC-like

Save the output
to a Python pickle file
for data analysis

I

output)
Save the configuration
. json file -
*  First results suggest the proposed = .
architecture meets the requirements BHEEENNEES0IHL)ONNI 22000000V 0OKER> B/ R ¥

Courtesy of Sofia Blua and Valerio Pagliarino

8
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Flip-Chip BGA package

The ASIC is bump-bonded to an interposer
connected to the board with package balls

*  On-pixel PAD for SiPM

* Inter-column supply and ground PADs for

reduced IR drops

Similar approach is followed for ALCOR v3
implementation for EIC

Package Die

substrate RDL bump
/ Via

| il e

- s Df Package
) O OO OO Cr— bl

Flip-chip BGA working principle
Hsu, Hsin-Wu & Chen, Meng-Ling & Chen, Hung-Ming & Li, Hung-Chun & Chen, Shi-Hao.
(2012). On effective flip-chip routing via pseudo single redistribution layer. 1597-1602.

10.1109/DATE.2012.6176727.

Possible implementation

On-pixel M8 SiPM

inputs bump PADs
\

FE +miscs

ALCOR based

; -ll;lAtgs ratof‘rs4 Speeded up
g ADCs

Control

GRAIN ASIC : Pixel Channel

250 um

Intercolumn
for supply
PADs

Test Structures
(Critical IP Blocks)

Top PADs

.

1

1

1

1
-

1

1
-

0,30'0,31

EoC, Bias

Stefano Durando - 11/07/2024 - INFN-LNF

| Bottom PADs |

GRAIN ASIC
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Tests in ARTIC

Lea Di Noto
University of Genova and INFN Sez.Genova

DUNE CSN1 Review
July, 11t 2024

KTI

@ INFN '



The lens prototypes

Material: Corning® HPFS 8655 glass
Focal lenght: 89 mm

- 2 built prototypes:

- smaller diameter 50 mm with optimized curvature
thickness: 12 mm

- bigger diameter 60 mm optimized for higher distance
(upto 1.2 m)

thickness: 20 mm

Spot radius vs source distance

2 + + :atab=112.5 ~--Si-mlthI:t1i(1)r2].5
4+ b=135.0 «w=+ b=135.0
=T § e s
o
] ] g ) 1 + +
Tests in water in 2022-23 ¢ it ﬂ-, *}..},,_f !
2 4 ‘.‘ . o * RS ol T t+ +
§ X S
2 f #ﬁ* e A +. '
Yo it
0 s H SSEERE

200 300 400 500 600 700 800 900 1000
Source distance [mm]

3 Lea Di Noto - Tests in ARTIC




The coded mask prototype

Pinhole camera Coded mask system

Coded aperture mask techniques
were developed as the evolution
of a single pinhole camera

- matrix of multiple pinholes
to improve light collection
and reduce exposure time

Image formed on sensor is the
superimposition of multiple

pinhole images ....

Advantages:
» Good light transmission (50%)
* Good depth of field

« Small required volume

4 Lea Di Noto - Tests in ARTIC @ INFN (\



First readout

Sensors:
Matrix with 16x16 SiPM with @
different sizes: \Reip .
« 1mm available \SiPM matrix

« 3mm available

e 2mm in progress—> the
baseline for
lens

« The SiPM matrix is acquired by 8 Alcor chips:

- For each channel, we can record:
- Time of the over-threshold (TDC time)
- TOT (Time over threshold)

5 Lea Di Noto - Tests in ARTIC INFN (\




First tests with SiPIyI matrix

Pu

18 counts are expected for each channels

1

1

1

Ised light signal on all channels

6 — s..ln.. ER
Faans  ram
13 12 15 14 17 18 18 18 18 18 12 42 [[Maany v
| S e = 422
S Dy ass

— 14 12 12 10 - 12 14 m 14 15 12 "

41—

12

— 16 13 17 14 15 " 13 " 10 12

7 14 16 " 12 14 13 14 - 12
2 —

— 15 15 15 7 " 18 18

18 12

17 12 15 7 12 12 14 14 15
10—
— 16 17 17 16 18 18 18
17 R 17 7 12
8
— 18 15 15 15 15
— 15 18 18 15
6—
— 18 15 15 15 15
15 15 17 15
41—
— 18 15 14
— 15 15 12 12 18
o—
— 16 18 18 18 15
" 15 12 12 18
g i ol 0
0 2 4 6 8 10 12 14 16

Few channels are broken (due to an ALCOR chip)

Not same efficiency (the threshold have to be optimized -

Not good reproducibility (to be improved)

9999999

ﬁ‘ EEEEEEEEEEEE
™ Econoreyouook.

For each channel the number of
signals with ToT > 200 ns and with
the same period of the pulsed light

is counted

Pulsed light signal on few channels

15U Siylicl
Entries 25
Mean x 7173
Mean y 7.318
Std Devx 1.045
Std Devy 0.7883

10

8

6

4

2

I B 0

(=}

n
~
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ARTIC - Argon Test InfrastruCture

Thermal shields are hanging by
the external top flanges

| 'i? . - ==

Evaporation rate

Installed since 2020 > 0.7 I/h if the N2 level is at 10 cm

—_l =
8 Lea Di Noto - Tests in ARTIC @ (INFN DU



Tests for sensor optimization

« Cosmic ray detection in LAr (+Xe) triggered by an external
cosmic ray system

* In ARTIC we have to install a LAr recirculation (+ Xe doping
system) for collecting scintillation light (by end 2024)

» An external CRT will be mounted on the top and on the bottom

« We plan to use 2 - 3 cameras for reconstructing the muon
tracks

These tests:

- will validate the possibility to use the new detectors in GRAIN

- will allow us to design and test the final detectors and
electronics

- will provide additional measurement of LAr properties

10 Lea Di Noto - Tests in ARTIC ﬁ INFN DUVE



C RT for ARTI C TOP double plane

CRT GOALS: ~58 cm
» Trigger for the LAr acquisition (fourfold coincidence)
* Two-view tracking to help the LAr event reconstruction

K

Two layers with
crossed bars

BOTTOM

\Two layers with
4 crossed bars

Trigger condition: Fourfold coincidence el =l

11 Lea Di Noto - Tests in ARTIC @ INFN (Ve



CRT for ARTIC is completed

v The CRT is in the commissioning phase
—— at LECCE

ot @ et e s

It will installed at GENOVA soon

12 Lea Di Noto - Tests in ARTIC @) (INFN DUVE



GRAIN:
Project plan

Alessandro Montanairi INFN
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CSN1 review
Frascati, 11 Luglio 2024




Test roadmap

« Test campaign through all the Project evolution:
- Imaging technology:
- Cameras with Masks or Lenses in ARTIC (LAr)

- Thermo-electrical qualification:
« At room temperature in Lab

- At LAr temperature in LNL (when Internal vessel and cryogeny ready)

- Full detector test:

« Final configuration of all cameras with Cosmic rays in LNL

2 Review CSN1 - GRAIN Project Plan - Frascati, 11 Luglio 2024 INFN



Timeline (2024-2027)

Internal Vessel delivery Facility commissioned External Vessel delivery

Thu 5/29/25 Mon 6/29/26 Thu 3/11/27
Jan ‘24 |Apr 24 | ul ‘24 |Dct 24 |.|ar1 25 |Apr 'Efi |J|..|I 25 |Dct 25 |.|ar1 26 |Apr 26 ..ll..ll 26 |Dct 26 |.|ar'| 27 + |Apr 27 |.||..|I 27 |Dct 27 |.|ar'| 28 |
Start | et in ARTIC
Mon 1/1/24 | wign 1/1/24 - Tue 3/9/2f
Proximity Cryogenic System
Mon 1/1/24 - Mon 7/23/26
LML Facility
Wed|[5/15/24 - Mon 6/29/26
Thermo-Eectrical test
Mon 1/1/24 - Fri 12/4/26
Test Campaign
Tue 7/28/26 -
ASIC
Mon 1/1/24 - Fri 2/18/28
GRAIN Camera Board (GCB)
Thu 1/29/26 - Fri 3/31/28
] )
Imaging system .
demonstrated ASIC prevalidated
Wed 11/26/25 Tue 11/3/26
Thermo-electrical model
qualified
Fri 12/4/26
3 Review CSN1 - GRAIN Project Plan - Frascati, 11 Luglio 2024 INFN



Timeline (2028-2030)

Apr 2 [Jul 28 |Oct 23 |[fan 29 |Apr2g [Jul 29 |Oct 29 |[}an 30 [Apr 30 [Jul 30

Finish
Wed 9/13/30

Detector test
Mon 4/3/28 - Thu 5/24/29
Ship
Fri
Installation in SAND
Fri 7/20/29 - Wed 5/1,/30
C sssioning
Thu 5/2/30 -

Review CSN1 - GRAIN Project Plan - Frascati, 11 Luglio 2024 INFN



Timeline (overall view)

Task

Mode ~ Task Name « Duration

4 GRAIN
I Internal Vessel
» Vacuum Tank
- External Vessel
> Proximity Cryogenic System
I LNL Facility
 Test in ARTIC
» Thermo-Electrical test
 GRAIN Cold Interface Board (GCIB)
I ASIC
 GRAIN Camera Board (GCB)
 GRAIN Warm Interface Board (GWIB)
 Detector test

Aa3J3333333980a8a843

I Installation and commissioning

321.6 wks
69 wks

58 wks
130.6 wks
124.6 wks
101.2 wks
152 wks
140.6 wks
105.6 wks
196.6 wks
103.6 wks
127.6 wks
55 wks

64 wks

Review CSN1 - GRAIN Project Plan - Frascati, 11 Luglio 2024




100
101
102
103
104
105
106
119

Critical Path

~ Duration

o

Work

Start + Finish « Predecessors

Half 1, 2025

M

< GRAIN 321.6wks Owks Mon 1/ Wed 9/1
i Internal Vessel 69 wks 0Owks  Mon 1/1 Thu 5/29/
o= » Vacuum Tank 58 wks 0wks Mon1/1 Thu 3/13/
= = External Vessel 130.6wks Owks  Fri5/31/ Thu 3/11/ T 1
= . proximity Cryogenic System Datwhs [owks |Mona/imonzjzy [ s e e e s s
L3 > LNL Facility 101.2wks Owks  Wed 5/1 Mon 6/29 I 1
= oot in ARTIC 2ok owks MoniflTuedfofz s
o > Thermo-Electrical test 140.6wks Owks Mon1/1 Fri12/4/2 1
L3 » GRAIN Cold Interface Board 105.6wks Owks  Fri Fri T
(GCIB) 1/24/25 afof27
= 4 ASIC 196.6wks Owks Mon1/1 Fri2/18/2 1
== specs definition 30 wks owks  Mon 1/1 Fri7/26/2 l
0 Channel design 10 wks Owks Mon7/2 Thulo/z492 | [ l
=4 Readout and integration desi, 24 wks Owks  Fri10/25 Thu 4/24/ 93
== Layout design 9 wks Owks  Frid/25/ Thu 6/26/ 94 l
o ASIC interface document reac 0 wks 0Owks  Thu6/26 Thu 6/26/ 95 &6."26
= Final verification 26 wks owks  Fri6/27/ Wed 1/28 96
= Chip Production 5 ke wks  ThullswWedajasgy T lASICenginee AR
L3 Packaging 13 wks Qwks  Thu4/30 Wed 7/29 98 ASIC packaging[100 k€]
= Toct o validation 20wk wks  Wed /8 Tue 4/20] 11885, 120 |
o ASIC prevalidated 0wks 0Owks  Tue11/3 Tue 11/3/ 10055+8 wks [—bo—‘—l.f!
= Final design 34 wks Owks  Mon 12/ Fri9/3/27 101,85 l
=) Final chip production 10 wks Owks  Mon9/6 Fri1l/12/ 102 lASIC engineering run 2[2
= packasing ke owks Mon 11/ Frafiafal o [T - RO
=] ASIC completed 0wks Owks  Fri2f18/ Fri2/18/2 104
=] > GRAIN Camera Board (GCB) 103.6wks Owks  Thu1/29 Fri3/31/2 1
=) > GRAIN Warm Interface Board 127.6wks Owks  Fri Fri 1
(GWIB) 4/18/25 1/7/28

== » Detector test 55 wks 0wks  Mon 4/3 Thu 5/24/ |
= i Installation and commissioning 64 wks 0wks  Fri5f25/ Wed 9/18

Review CSN1 - GRAIN Project Plan - Frascati, 11 Luglio 2024
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Expenditure profile (preliminary

Name Remaining Cost
Cost Internal Vessel 180 k€
00 kE Vacuum Tank TOkE
BOOkE External Vessel 500 k£
TJ00KE o )
600 kE Proximity Cryogenic System 1,000 k£
SD0KE LML Facility
400 ke Test in ARTIC
300 kE -
200 kE Thermo-Electrical test
100 k£ I GRAIN Cold Interface Board
OkE L (GCIB)
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Half Half Half Half Half Half Half Half Half Half Half Half Half Half | ASIC 500 k€
24 25 26 27 28 29 30 GRAIN Camera Board (GCB) 920 k€
GRAIMN Warm Interface Board
(GWIB)
Detector test -
1% 3,500 kE
3000 KE &
1% '
e 2,500 kE E
= 1% 2,000 k€ E
E 0% 1500kE 3
E 1,000 ke g COST
0% S00kE O
0% OkE
R33N 09885508832288 3170 k€
TS EeNNSReTIgNesSS ’
So8d-8g845380845858
SRS gF¥ea’SseRg aase

= Cumulative Percent Complete — Cumulative Cost

Review CSN1 - GRAIN Project Plan - Frascati, 11 Luglio 2024 INFN
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