LAr1PC lechnolog

Yun-Tse Tsal (SLAC)

N0 A N NATIONAL .
SLAL Kl Beam Dump in PIP-I W
May | Ith 2023

“kshop



Supernova Neutrino

Core-collapse supernova
neutrino energy:

O(1-10) MeV

DUNE has unique
sensitivity to Ve via
charged-current (CC)
Ve-Ar Interactions



Ve-Ar Cross Sections
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SN Neutrino Detection

400 Arrived/10’
£ 300 A. Friedland &
= P Mukhopadhyay
g% arXiv: 2009.10059

100

800 002 004 006 008 010

Energy [GeV]
400- —— Detected via Ar
9300
©
o
<200
>
L

800 002 004 006 008 010
Energy [GeV]

®

0.10
— —— Ve-Ar >
€ 10739 ©0.08
@] >
- o
5 10~40 %o.ocs
g ® 3
8 £0.04
w1074 E
8 3
o 0.02
O . i MARLEY &

10 o

20 40 60 80 100 0.02 0.04 0.06 0.08 0.10
Energy [MeV] Neutrino energy [GeV]

® [Detect convolved Vv flux and interaction
Cross sections

® Disentangled Vv fluxes are desired

® [hese V.-Ar CC cross sections have
never been measured

® Uncertainties from cross section
models are relevant
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https://arxiv.org/abs/2009.10059

Measure Ve-Ar CC O

T we measure the total 0 and o(45 MeV) at the precision
of 20%, as suggested by arXiv:2303.1/00/
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https://arxiv.org/abs/2303.17007

SNeND Constraints

T we measure the cross section with a well-controlled
neutrino source and a functional equivalent detector.
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Statistical uncertainties Preliminary result. Paper in preparation.
In collaboration with Gianluca Petrillo (SLAC),

not included yet Yen-Hsun Lin (NCTS)



Fluence [10° v/0.2 MeV/cm?]

vV from T Decay-At-Rest

8
— Yy SN NH v,
vy, SN IH ve
61— e

N

N

o
o ]

10 20 30 40 50
Neutrino Energy [MeV]

8

60



\/

V]

Why LAFTPC?

iquid-Argon | ime-
“rojection Chamber

_Ar:large interaction rate

odular and scalable

llimeter resolution

Calorimetric measurement

e/Y separation

Supernova Ve (E~10 MeV)

Low detection threshold

Technology used for

200cm

Run 3493, Event
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.072005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.072005

| ArTPC

Cathode

J lonization e

Anode

< E=500V/cm
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Incoming
neutrino

interacting
with LAr

Charged secondary
particles ionize LA,
producing electrons
and



| ArTPC

_ight collected by
bhoton detectors
(10-100ns),
Anode determining
event time 1o

< E = 500V/cm




Cathode

| ArTPC

E=500V/cm

Anode

Flectrons drift

towards anode

(drif

- time at ms
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| ArTPC

Cathode

clectrons detected
by the pixel plane
at anode,
providing the

spatial, kinematic
< E = 500 V/cm information.




| ArTPC
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Cryogenic
system

Detector
control

—ligh voltage
-leld shell

5. Charge detector
6. Light detector
/. Pure LAr

8. Calibration

< E=500V/cm
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Cooling power;
Thermosyphon

High Voltage

Fleld Cage/Shell

Cathode

Temperature
Sensors

Charge
Readout
(LArPix)

Cryostat

Heaters



Fleld Shell

® [ime projection requires
uniform electric field

® Maximize the active
volume in a modular TPC

— thin panels

® Keep the electric potential
inear and smooth

— resistive materials
® Operate at 500V/cm

® Heat local density
< |00 mW/cm?

= Dupont Kapton sheets or
carbon coated panels




Cosmic Muon Track

E = 500V/cm

Electron lifetime
(LAr purity)
~ 225 pus

Data taken on
July 31st (P
Tsang)

~| cosmic ray
track every 2
minutes
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GAMPIX

500um-pixels triggered by
mm scale wire readout.
Low noise level (50e) for
MeV Yy detection

R&D underway at SLAC

Combine the signals on wires and
pixels to obtain fine tracking,
calorimetry, drift distance, etc.
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Plots by B. Trbalic (SLAC/Stanford)



Potential LArlPC

e« Primary electron

® Optimal detector dimension
depends on the neutrino
intensity, distance from the
target, background rates, etc.

° enable
opportunities, e.g. axion-
ike particles

® Slow detectors ( ):
requiring shielding and veto
systems
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L ArTPC Dimension

® Assume proton beams |.3 GeV at 2 MW, operating
5000 hours per year (SNS upgrade configuration)

2/.5m from the

® (ross section ca

N the active volume,

g target
culation from MARLEY

Dimension Ar Mass (kg) Est. Ve-Ar CC
(cm) per year
Fiducial 30x40x40 66./2 559
Partly 40x50x50
Contained -30x40x40 72.23 60.6
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sSummary & Remark

measurements: one of the
primary physics goals In

® \/.-Ar CC 0 measurements in LArTPCs with well-
controlled v, will reduce the bias

detection in LArTPCs not largely
explored; a number of R&Ds underway

capabilities enable opportunities

Slow feature ( ) requires appropriate
shielding and veto systems

Density of LAr might be more sensitive for search
for BSM via interactions than via decays
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Backup




Long Baseline Experiment

Deep Underground Neutrino Experiment (DUN

Sanford
Underground
Research o
Facility -

vvvvvvvvvvvv
-------

| 300km

| 7k ton by 2029, /0k ton in ~2032

® Aim to measure:
® (P violation in lepton sector

® neutrino mass ordering

® neutrinos from supernovae, proton decays, etc.

® v, from Fermilab accelerator, detected by LArT
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Supernova Neutrino Flux

Pinched-thermal form: to fit simulated flux
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Cooling Power

Cooling power from the thermosyphon
at Liquid Noble Test Facility at SLAC, the
same technology used In LZ experiment

- | I8

i

s i
-

26

N>

Reservolr

Vacuum

Vacuum
Pump

=

(_

Main
Vessel
2641

|00-200 W of
cooling power

\.M/\./

J

Not to
scale



Detector Control

Based on lgnrtion: industrial detector control & monitoring,
programmable In python
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Time-Projection Chamber

High voltage S| ACUbe HV power
(V) power 30x30%30 ¢m3 supply
supply ground =
building ground

PicoAmmeter
(Current
measurement)

saedl
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..

Nominal field: ifeld shell
oo HV filter
(15 kV total) (low pass)
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L Ar Purifier

Single pass purifier, ~ 1 80L of LAr
Top: 4.6 kg molecular sieves (water)
Bottom: 5.2 kg copper sieves (oxygen)

Ar and 2% H)+Ar gas to regenerate
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the molecular and copper sieves

Filter Top
Filter 2nd
—— Filter 3rd
Filter Bottom

® |5 [/min gas flow/kg
o ~)00°C

® H+O—-H,O
exothermal reaction



