MANCHESTER

1824
The University of Manchester

Q-PiIx:

pixel-based charge readout for kton scale LArTPC

Shion Kubota
The University of Manchester



Ccontents

1. LArTPC
a) How it works
b) Examples
c) Shortcomings

2. Q-Pix
a) Challenges with pixel base technology
b) How it works with toy example

3. Physics studies with Q-Pix
a) Beam studies
b) Supernova studies
c) Solar studies

10/4/24 Shion Kubota | IOP 2024 2



Liquid Argon Time Projection e
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Chamber (LArTPC)

Traditional wire-based LArTPC has been used in many different
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Liquid Argon Time Projection e
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Challenges of LArTP

* Depending on the topology,
degeneracies in the solution
when reconstructing 3D tracks of
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Solution : Pixelization
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1) the number of channels

2) the amount of data

1) Electronic principle of least

Challenge:
Solutions:

Information

10/4/24

Shion Kubota | IOP 2024



MANCHESTER
1824

The University of Manchester

Solution : Pixelization
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Toy Example

®
Gl N

®)
()
(®)
£

(@)

ol <
In Out
A S

Reset Threshold 1

V=% Reset
> 5
RERRRRRRRRRRRREE RERRRRRRRRRRRRELE

1 1

10/4/24 Shion Kubota | IOP 2024 9



Toy Example
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Toy Example
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Qlo
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Toy Example

Qlo

X the reset happens for 5 elect
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Toy Example

Qlo
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Toy Example
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Toy Example
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Toy Example
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Toy Example
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Toy Example
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Toy Example
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Toy Example
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Toy Example
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Toy Example
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Toy Example
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Toy Example
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Toy Example

We are measuring
how long it took (At) to accumulate fixed amount of Q

X the reset happens for 5 elect

Just with time stamps of reset signal,
we can reconstruct the current detected by
the pixel
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Solution : Pixelization
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Solution : Pixelization
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Solution : Pixelization
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Solution : Pixelization

My |
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Physics with Q-Pix

‘maximize the discovery potential of a kiloton scale LArTPC’
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‘maximize the discovery potential of a kiloton scale LArTPC’

paper published from
JINST in 2020

Enhancing
beam event studies

|

Enhancing
supernovae studies

Paper .
n preparation

Enabling
solar studies
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Beam physics with Q-Pix

Enhancing
beam event studies

10/4/24

Enhancing neutrino event reconstruction with pixel-based
3D readout for liquid argon time projection chambers

C. Adams,*! M. Del Tutto,” J. Asaadi,? M. Bernstein,© E. Church,® R. Guenette,®
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Good tracking . MANCHESTER

Beam physics with Q-Pix ;
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Enhancing neutrino event reconstruction with pixel-based

ub\\Shed from . . .
Paper 2020 3D readout for liquid argon time projection chambers
JINST N
Enhancing Enhanced
O C. Adams,*! M. Del Tutto,” J. Asaadi,? M. Bernstein,© E. Church,® R. Guenette,® 1
bea m event stu d i1es J.M. Rojas,> H. Sullivan and A. Tripathi® event reconstruction
“Argonne National Laboratory, Lemont, IL, U.S.A. a ccu ra cy

b Fermi National Accelerator Laboratory, Batavia, IL, U.S.A.
©Harvard University, Cambridge, MA, U.S.A.

4 University of Texas-Arlington, Arlington, TX, U.S.A.

¢ Pacific Northwest National Laboratory, Richland, WA, U.S.A.

Improved
eff|C|ency and purity for
'severa | channels
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Supernova physics with @Q-Pix
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Enhanced low-energy supernova burst detection in large liquid argon time projection
chambers enabled by Q-Pix
(The -Pix Collaboration)

§. Kubota,! J. Ho,'»* A.D. McDonald,>% " N, Tata,' J. Asaadi,® R. Guenette,®! J.B.R. Battat,*
D. Braga,® M. Demartean,® Z. Djurcic,” M. Febbraro.® E. Gramellini,* 8. Kohani,® C. Mauger,” Y. Mei,'"
F.M. Newcomer,” K. Nishimura®* D. Nygren,” R. Van Berg? G.5. Varner.* and K. Woodworth?
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Enhancing
supernovae studies
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Enhanced low-energy supernova burst detection in large liquid argon time projection
chambers enabled by Q-Pix
(The -Pix Collaboration)

§. Kubota,! J. Ho,'»* A.D. McDonald,>% " N, Tata,' J. Asaadi,® R. Guenette,®! J.B.R. Battat,*
D. Braga,® M. Demartean,® Z. Djurcic,” M. Febbraro.® E. Gramellini,* 8. Kohani,® C. Mauger,” Y. Mei,'"
F.M. Newcomer,” K. Nishimura®* D. Nygren,” R. Van Berg? G.5. Varner.* and K. Woodworth?

T

60 Q-Pix res
clustered j

H|gh Efflcnet\cy and purltv i
' insupernova event identification

DUNE DP T

DUNE

ool MEL L Supernova pointing

T T
10 100
number of interactions from SNB

Shion Kubota | IOP 2024 38




Good tracking - MANCHESTER
_LOwW energy thresholo

SOIar phyS|CS Wlth Q-PIX E:etterenlergyresolutiqn

Paper oublished from
JINST in 2020

Solar neutrinos offer many
. Enhancemerﬁ)ﬁ)rpgggﬂ%'lli@"r:’parameters
measurement
« Understanding solar models

* Potential discovery of hep neutrinos
— Requires :

better tracking

. lower energy
Enabling threshold

solar studies
better energy
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Good tracking
_LOwW energy thresholo

SOIar phyS|CS Wlth Q-PIX E:etterenelrgyresolutiqn

Enabling
solar studies

10/4/24

Solar neutrinos offer many
. Enhancemerﬁ)ﬁ)rpgggﬂBilliicﬁ"r:’parameters
measurement
« Understanding solar models
 Potential discovery of hep neutrinos

— Requires N
better tracking Exactly the
lower energy Improvements

threshold Q-Pix can

offert——

better energy U
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Conclusion

* Wire based LArTPC has been proven to be successful
IN many neutrino experiments but have some
challenges.

* Q-Pix is a new technology whose default state is ‘do-
nothing’ — which Is suited for large scale detector

Good tracking
Low energy threshold

* Q-Pix offier energy resolutig@nabling solar neutrino
studies.
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Work presented by Yuan Mei and Peng Miao from LBNL on Jan 19t
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Q-Pix tests
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Supernova Pointing

* The intrinsic 3D nature of the pixel data collected by Q-Pix allows us to get
directional information from the identified supernova events.

« ~10% of all the events collected are neutrino-electron elastic scattering
events (v, ES) and the rest are neutrino-charged current (v,-CC).

* v,-ES events preserve information about the direction of the neutrino

o The direction of the neutrino tells us where in the sky the supernova burst occurs
o Thisis a critical aspect of the identification of a SNB event for astronomers and particle physicists!

‘ Ot 322
ST 320
i —F r' :
3 318 —
& ‘ £
0.75 - |
< vx ES LT 38 2
£ 050 1 314
& ‘
‘g 0.25 || T 312
“ 0.00 J 310
-0.25 344
-0.50
20 £
-0.75 2224 4 :
2830, 339§
0 10 20 30 40 0 10 20 30 40 Xlem, 34 338
Neutrino energy [MeV] Neutrino energy [MeV]
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Supernova Pointing

* By reconstructing a direction vector for each neutrino interaction, we
can come up with a hypothesis of where the SBN event occurred in the
sky

o We correctly identify the SBN direction within 20 degrees 80% of the time
o The other 20% we have the direction wronq bv 180 deqrees
* Repeating this over 10,000 g

unique SBN events, we
computed how confident we
are with the direction with a
10 kTon Q-Pix module

o 10 kpc supernova would be

AO(Oreco — Otrye) [rad]

reconstructed within 6 = 33- and - ' ' ' ' A¢(¢,eco;¢t,ue) [ra;]
¢ =45c at 1o,and 6 =99- and ¢
= 135- at 30.
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Directionality Flipping
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Directionality Flipping

()
PY () l
el [y
PY ()
()

!

Gives us cos(@) =-1
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Directionality Flipping

()
PY () l
el [y
PY ()
()

Gives us cos(0) =1

!

Gives us cos(@) =-1
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Electron scatters more often as it loses
energy.

More scattered = less energy = end of
the track

Less scattered = more energy =
beginning of the track




Directionality Flipping

o
o
© o i
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Gives us cos(0) =1

!

Gives us cos(@) =-1
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Directionality Flipping

Pick data points at both ends

Draw line from two ends to every single data
point

Gives us cos(0) =1

Gives us cos(@) =-1
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Directionality Flipping

Pick data points at both ends

Draw line from two ends to every single data
point

Calculate the cosine of angle between the lines

and computed axis, and sum them

Gives us cos(@) =-1
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Directionality Flipping

Casel

Case?2

Gives us cos(@) =-1

10/4/24
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Pick data points at both ends

Draw line from two ends to every single data
point

Calculate the cosine of angle between the lines
and computed axis, and sum them

0 values are smaller — cos(8) values are bi
sum_cos_casel = cos(f;;) + cos(64;) + cos(043) = * -

0 values are bigger — cos(f) values are sm
sum_cos_case2 = c0S(f,1) + cos(6y,) + cos(6y3) * * -

sum_cos_casel >sum_cos_case?



Clustering
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=1RTD

For this example, we start by analyzing the

RTD’s on a particular pixel
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| =1RTD

We now define an
interval in time
around which‘'we
will “cluster”

together RTD’s and
begin from the first
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| =1RTD

The process now
repeats growing
outward in time till
there are.no more
RTD’s to cluster
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The process now
repeats growing
outward in time till
there are.no more
RTD’s to cluster
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We now have a 11
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The process
repeats until all the
RTD’s arein‘a
cluster
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