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DUNE at work

Sanford Underground
Research Facility

Fermilab
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« Using the same type of target in ND and FD helps reducing systematics

3 6/22/2023 SAND Phase Il - Phase Il ND Workshop - June 2023 - London INFN w\ :
_——



Near Detector Complex Phase |

» High statistics constrains cross section and neutrino flux

Primary Beam Enclosure

Apex of Embankment ~ 60

MI-10 Point of Extraction

Near Detector Absorber Hall Target Hall Complex
Service Building Service Building (LBNF-20)
(LBNF-40) (LBNF-30)

Primary Beam
Service Building
(LBNF-5)

Absorber Hall
and Muon Alcove
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Near Detector Complex Phase I

Three main components:

* Liquid Argon detector (NDLAr)

* Downstream Tracker with gaseous Argon
target in magnetic field (NDGar)

« System for on Axis Neutrino Detection
(SAND), in magnetic field

NDGar and NDLAr can move off-axis (PRISM
concept)

5 6/22/2023 SAND Phase Il - Phase Il ND Workshop - June 2023 - London



SAND features

SAND is a multipurpose detector with:

Superconductive Solenoid Magnet
High performant ECAL

Light Tracker (see R.Petti talk)
active LAr target

Requirements:

Monitor beam changes on a weekly basis

Indipendent measurement of the flux and flavour content of neutrino beam on event-
by-event basis

Remove degeneracies when other detectors are off-axis
Add robusteness to ND complex to keep systematics and background under control

Could contribute to oscillation analysis and other physics measurements thanks to
high statistics
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SAND Electromagnetic Calorimeter - ECAL

Lead/Scintillating fiber
calorimeter of KLOE
experiment (operated
from 1999 till 2018):

» 24 barrel modules +
2x32 endcaps modules

* Resolution:
oe/E = 5.6% /NE(GeV)

o, =58 ps /VE(GeV) ® 135 ps
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GRAIN (GRanular Argon for Interaction of Neutrinos)

1t Liquid Argon

active target

placed upstream

iInside magnetized volume of SAND

Supporting Structure

\ STT Central supermodule
GRAIN—

LN | 1
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GRAIN cryostat

* It will not change in Phase |l External Vessel

(Carbon Fiber/Al honeycomb)

(Stainless S Aa t

190 cm

47 cm |

83 cm

' 200 cm
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GRAIN: imaging with scintillation ligth

 We are developing an Innovative technique to exploit Argon scintillation light

to reconstruct charged particle tracks like in an imaging device (ionization not
used)

« Challenges for the imaging device:
- Single Photon cryogenic sensor - Silicon PhotoMultiplier 32x32 matrices

- Optics for 128 nm Ligth Wavelength - Lens and Coded Aperture Masks
- Low Power electronics for O(50 k) channels = ASIC (1024 channels)
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GRAIN imaging cameras

LENS: MASKS: |
- Good near view
- Few photons on sensor

- Good far view
- Ligth concentration
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Coded Aperture Masks

* Principle of pin hole camera

» Light pattern on sensor need interpretation

Pinhole camera Coded mask system SIPM
matrix

 On-azis shadow
B Of-azis shadow
B Overlap of both shadows

oded
aperture
mask
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3D reconstruction algorithm

* LAr volume is divided in voxels and, through an iterative combinatorial
procedure, each voxels is assigned a number of source photons compatible
with the pattern observed on the sensor.

* Few millimiters resolution on single track

* Improvements on algorithm still possible
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GRAIN combined with Tracker

0 —5:_10 15050 , o
*‘\T\H Hy4NN | - Assuming that muon track is measured by
,...,J‘ ‘ ‘ SAND tracker:
| E =38 R Resolution on vertex O(1 cm)
L=y i
 comme—— ‘ o ‘ ECAL+Tracker energy can be corrected by

T resmenentie | T energy measurement of the proton stopped
u ‘ M=% inside GRAIN

‘ |—— e '*.:t -
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GRAIN event

* v, 2 X+t +p+p (neutrino energy 2.5 geV)
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Lens based optical readout for GRAIN

. light shield
Since the glass refractive index might be close to the LAr refractive index NG
. . LAr LAr
the focusing effect can be done by placing N, gas between the lens surfaces -\
=HE
The lens material must show high transmittance = we use Xe doped LAr (>99% at 178 nm) Y 3?::2’
first prototype Simulations performed with 38 sensors in

GRAIN for a n event at center
total width 14 mm

L e
/? LAr + Xe

' n=1.26 (175nm)
I

I

I

I

LAr + Xe
n=1.26 (175nm)

R, R,

2mm
- >4

/

Fused Silica HPFS 8655 N, gas
R, = -R, = -80.5mm n=1
f =~ 89mm

n = 1.597 (175nm)

sensor
plane

Diameter 50 mm

lens-sensor plane distance = 10 cm
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Track reconstruction with lenses

Reco track
— a
Y 7lazy
X P {)'/az X MC-truth track
« 3D track reconstruction: track z
: . : Fon 3 T o
endpoint, track direction, matching " of . " lstd. D St i)
r Std. DEV. _"“l':‘m:‘je”_“ “'G: . ev. — wivoxel it
. M:— _ 50 . 12C|;— ~ 30 wi endpoint
with downstream tracker. J: _- -
i . b | af
Endpoint 3D residuals a3 rUi “of-
5 3D residuals gl '_:n "—”HJ - ...;17\7"-'.1'7113.--“.,;.@#-‘-20 2z5_ n
o 2 Entries 13021 - T
D) ENDPOINT Mo 7212
= . ev 7.637
S 1 3D residual
rl\z_l - MATCHING with STT
'« 1'8: Mean ~ 7.2mm RECO
: 6 Std. Dev. ~ 7.6mm \ | Bound \
= F Median ~ 4.9mm TRUE contained | !ac;l;f; ary |
04— Entering 3% 97% ‘ I
¥ STT l
0.2—
B Not ent. 74% 26%
00 10 20 30 I I4—ICIl — ISIIJI#‘JSIUI = I?BI I STT

7 = | Xtrye — Xrecol [MmM]

17 6/22/2023 SAND Phase Il - Phase || ND Workshop - June 2023 - London




Demonstrator

SiPM 16x16 matrix (256 channels)
Frontent based on 8 ALCOR (32 ch ASIC)
Readout and control through XilinX FPGA

1024 channels ASIC under development
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GRAIN: phase |l

1) Improve SiPM Photon Detection Efficiency

- we have a joint project with FBK-Trento to develop Back Side llluminated SiPMs

2) Readout both lonization Charges and Scintillation Light

- Just an idea, needs some work to demonstrate feasibility

m
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The Standard SIiPM

A set of Geiger avalache photodiodes (SPAD) connected in parallel:
the analog output is «linearly» proportional to number of impinging photons

Cathode (K)

hv

quenching resistor (poly-Si) Rq Rg Rq Rq

front contact metal
TR TR RN TR

GM-APD GM-APD GM-APD GM-APD

buried metal grid

Anode (A)

back contact metal
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Back Side llluminated SIPM

FrontSide llluminated BackSide llluminated

b

guenching resistor e metiLgﬁd hw

front contact

S
=
I -
4 4 o
£
£ f{
= i
£l 2 » thin dopant layer p-type isolation trench
S ?p"ﬂ(}"ﬁﬁa?ﬁ% Flipped g
n-type cm- :
ok A L epitaxial layer
& isolation trench P i
& "
S substrate
§ n-type ( 10'® cm3)
v '\
o
e

front contact L ,
quenching resistor buried metal grid

In BSI entrance window is clear: better Fill Factor, more possibilities for Anti Reflecting Coating:
Improvements in VUV Particle Detection Efficiency is expected
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GRAIN: TPC + Scintillation Ligth Imaging

Coded Aperture Masks are pixelated and
form the anode.

« A Cathode grid is added in the middle to
form a TPC with horizontal drift.

« Standard mask on top and bottom

__ J'Cathode

« Combined reconstruction of tracks by
scintillation light and charge readout
allows to solve superimposed events

« Charge identification thanks to magnetic
field
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Dual purpose Camera
* Holes in a FR4 (or else) form the Coded Aperture Mask

« 3x3 mm? metallic pads are placed in the mask positions free from holes (50% surface)

* Dedicated ASICs read the charge and SiPM response to light

ASIC
(Alcor)

SiPM
Matrix

ASIC
(type LarPix)

Pad
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Conclusions

SAND for phase | will be made by a consolidated Superconductive Magnet and a
performant ECAL (from KLOE)

The Tracker (STT) and the active Argon target (GRAIN) will be completely new

GRAIN with optical readout will be an innovative detector already for phase | (with
track resolution O(cm))

New ideas for phase Il to improve track resolution down to O(mm).
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Backup
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Rates in GRAIN

 Neutrino interactions:

- inwhole SAND: 80/ spill
- in GRAIN : 0.1/ spill

* Neutrinos interactions with tracks (> 6MeV) in GRAIN: 1.5/ spill
* Number of tracks (> 6 MeV) in GRAIN:
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Events in an entire spill
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GRAIN integration

« Dimensions (clearance included) increased wrt first draft design

- Internal vessel volume is the same but some mechanical parts and tubes were missing

Il
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ASIC wire bonding

8 Alcor (32 ch) were succesfully wire bonded and are working fine

- Thanks to INFN Torino group!!

©é 6O

)
YXD IIL 5455"3
Sl ssv-0

29

6/22/2023 SAND Phase Il - Phase Il ND Workshop - June 2023 - London



	SAND detector�Phase II   
	Outline
	DUNE at work
	Near Detector Complex Phase I
	Near Detector Complex Phase II
	SAND features
	SAND Electromagnetic Calorimeter - ECAL
	GRAIN (GRanular Argon for Interaction of Neutrinos)
	GRAIN cryostat 
	GRAIN: imaging with scintillation ligth 
	GRAIN imaging cameras
	Coded Aperture Masks
	3D reconstruction algorithm
	GRAIN combined with Tracker 
	GRAIN event  
	Lens based optical readout for GRAIN
	Track reconstruction with lenses
	Demonstrator
	GRAIN: phase II
	The Standard SiPM
	Back Side Illuminated SiPM
	GRAIN: TPC + Scintillation Ligth Imaging
	Dual purpose Camera
	Conclusions
	Backup
	Rates in GRAIN
	Events in an entire spill
	GRAIN integration
	ASIC wire bonding

