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MeV-scale physics in LArTPCs

Phys. G: Nucl. Part. Phys. 50 033001 Topical Review resulting from Snowmass
(Way more than can be fit into a 25 minute talk)

10P Publishing Journal of Physics G: Nuclear and Particle Physics
J. Phys. G: Nucl. Part. Phys. 50 (2023) 033001 (60pp) https://doi.org/10.1088/1361-6471/acad17

. . . 2. LE physics and v LArTPC physics goals
Low-energy physics in neutrino LArTPCs . - :
2.1  LE signatures in high-energy neutrino events

S Andrmga J Asaadi® JTC Bezerra F Capozzn . 2.2 LE signatures in BSM searches

D Caratelli® Y F Cavanna E Church’, Y Efremenko 5 . .
W Foreman®, A Friedland'°®, S Gardiner®®, 2.3 LE neutrino LArTPC physics

1 Gil- Botella11 A Hlmmel , T Junk® G Karaglorgl . .

5 K"_by " J Klein'®, G Lehmann- Mlotto "I T Lepetic'® 3. Modeling challenges for LE LArTPC physics
S LI ,BR thtlejohng & , M Mooney J Re|0henbaChel' 3.1 Neutrino_argon cross-section physics

P Sala'®, H Schellman19 K Scholberg20 M SOreI

A Sousa ,J Wang'’/, M H L S Wang®, W Wu®, J Yu? ) 3.2 Particle propagation and interaction in liquid argon

T Yang and J Zennamo

4. Detector Parameters
! Laboratério de Instrumentacio e Fisica Experimental de Particulas, Lisboa and

§ oimbra;. Borseal , , , 5. Reconstruction
University of Texas, Arlington, TX, United States of America
3 University of Sussex, Falmer, East Sussex, United Kingdom 6 D o oge / . id .
* Instituto de Fisica Corpuscular (IFIC), CSIC & Universitat de Valéncia, Paterna, Spain . ata acquisition / processing considerations

3 University of California, Santa Barbara, Santa Barbara, CA United States of America
% Fermi National Accelerator Laboratory, Batavia, IL, United States of America
7 Pacific Northwest Nanonal Laboratory, Richland, WA, United States of America
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https://iopscience.iop.org/article/10.1088/1361-6471/acad17

A brief tour of energy scales...

Shower reco talk by
Xin Qian later today

blip
E ~ 0(0.1-1 MeV)
Compton scattered

y-rays, neutron
inelastic collisions
RUN 8617 SUBRUN 46 EVENT 2328

LiMe-tiCKS

Track reco talk by Alice
Campani later today

April 4, 2024

W. Foreman - SBN Workshop



Primary energy scales for accelerator v's

SBN neutrino signals
~100s of MeV to ~10 GeV

RUN 8617 SUBRUN 46 EVENT 2328

Run 3493 Event 27435

Accelerator Beam Neutrinos
Atmospheric Neutrinos

1 MeV 10 MeV 100 MeV 1 GeV 10 GeV
Energy of Signals
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Neutron detection in GeV-scale v events

Phys. Rev. D 99, 036009 (2019)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.036009

Particle discrimination for BSM searches

April 4, 2024

Up-scattered dark v

Charged
lepton pa/r

A

Blips from
nuclear de-
excitation ys
°

Charge & 1/u discrimination

, Michel
electron

Low-E

activity from

capture y's
o

Benefits of MeV-scale reconstruction capabilities in
large liquid argon time projection chambers

Phys.Rev.D 102 9, 092010 (2020)

~
Nuclear capture & Accelerator Beam Neutrinos
de-excitation y-rays
Y BSM Atmospheric Neutrinos
1 MeV 10 MeV 100 MeV 1 GeV 10 GeV
Energy of Signals
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https://inspirehep.net/literature/1803328

Astrophysical neutrinos (not SBN, but still cool)

8,,, Am;,, and solar neutrino fluxes Mass ordering determination
Phys. Rev. Lett. 123, 131803 2020 J. Phys: Conf Ser 1342
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https://iopscience.iop.org/article/10.1088/1742-6596/1342/1/012052/pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.131803

Demonstrations in ArgoNeuT

Demonstration of MeV-scale physics in liquid argon time projection
chambers using ArgoNeuT

ArgoNeuT

R. Acciarri,’ C. Adams,” J. Asaadi,’ B. Baller,' T. Bolton,* C. Bromberg,’ F. Cavanna,' E. Church,’ D. Edmunds,’
A. Ereditato,’ S. Farooq," A. Ferrari,® R.S. Fitzpatrick,’ B. Fleming,” A. Hackenburg,” G. Horton-Smith,* C. James,’'
K. Lang,"” M. Lantz,"" L. Lepetic,"™" B.R. Littlejohn,'>" X. Luo,” R. Mehdiyev,'” B. Page,” O. Palamara,' B. Rebel,’
P.R. Sala,"* G. Scanavini,” A. Schukraft,’ G. Smirnov,® M. Soderberg,'* J. Spitz,” A. M. Szelc,"* M. Weber,”
W. Wu,' T. Yang,' and G. P. Zeller'

(ArgoNeuT Collaboration)
Phys. Rev. D 99, 012002 (2019)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012002

Demonstrations in ArgoNeuT

TPC Box

BIAS VOLTAGE DISTRIBUTION CANDS

n-v-»nmxmuml\

ELECTRODES &

V Beam

COLLECTION
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Improved Limits on Millicharged Particles Using the ArgoNeuT Experiment at Fermilab

R. Acciarri,' C. Adams,” J. Asaadi,’ B. Baller,' T. Bolton,* C. Bromberg,® F. Cavanna,' D. Edmunds,’ R. S. Fitzpatrick,®

B. Flt:ming.7 R. Hamnik,' C. James,' 1. Lepetic,s" B.R. Liltlejohn,8 Z. Liu,” X. Luo,"’ O. Palamara,"'
G. Scanavini,” M. Soderberg,” J. Spitz,® A.M. Szele,”” W. Wu," and T. Yang]

(ArgoNeuT Collaboration)

Phys Rev Lett. 124, 131801 (2020)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131801

Demonstrations in ArgoNeuT
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https://doi.org/10.1088/1748-0221/17/01/P01018

Remaining Challenges

= Successful demonstrations in a small LArTPC...
but can we do the same in large ones?

— Lowering thresholds Critical for maximizing
SBN's and DUNE's

physics potential

— Precise energy reconstruction
— Controlling low-energy backgrounds

Recent results from
MicroBooNE address all three!

April 4, 2024 W. Foreman - SBN Workshop



Signal readout and processing

JINST 13 P07007 (2018)
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https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
https://indico.nevis.columbia.edu/event/6/contributions/8/

Signal readout and processing

Raw After Noise Filtering After 2-D Deconvolution AU.
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https://iopscience.iop.org/article/10.1088/1748-0221/12/07/P07010/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007

Signal readout and processing

Raw wire signals For blips, avoiding false
matches becomes a challenge
WireCell toolkit ol Phys Rev D 99, 012002 ArgoNeuT
I asooz—
Filtered signal ROls R 'ME: i
1 I oE . g
E s00 . Below Threshold
. . = - Fiducial
GausHitFinder 0 = Track
00— Cone
] = Passing
Hits (recob::Hit) i
2000 —
1000 E—
= |
Pandora 3D track E |
) e . )
recons:cructlon I =t s J
Tracks (recob::Tracks) . E— - !
! = ' 1
0(:' n ‘2:)A " ‘45. n Asi). " Ae{). i .“l)o.v; .‘lNéo",\o; .1101 i .1é°A " .1&)A " ‘2(1)0. " ‘250. " ,2L

April 4, 2024 W. Foreman - SBN Workshop


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012002

Signal readout and processing

MICROBOONE-NOTE-1076-PUB (2020)

Raw wire signals

MeV-scale Physics in MicroBooNE

MICROBOONE-NOTE 1076-PUB MICROBOONE-NOTE-1050-PUB (2018)
WireCell toolkit Study of Reconstructed *°Ar Beta
| Decays at the MicroBooNE Detector
Flltered Slgna/ ROIS The MicroBooNE Collaboration*
GausHitFinder Blip Reconstruction

— Techniques pioneered in ArgoNeuT have been

Hits (CeCOb-'-'H"f) further developed in MicroBooNE

v — Dedicated algorithm class has since been written
Pandora 3D ’Frack encompassing these tools > flexible integration
reconstruction into other reco & analysis workflows

Tracks (recob:-Tracks) * Millicharged particle searches

* v NC1p selection background mitigation
l l_ * Neutron tagging
« Take non-tracked hits, * Radiogenic calibrations

Bllp reconstruction perform plane matching
* Reconstructs 3D blips
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1076-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1050-PUB.pdf

Blip reconstruction in a nut-shell

Plane A Plane B
1. Isolated hits identification % ° -
Hits within tracks > configurable length are o ¥ '
vetoed; optional 2D masking in regions —— g® . "
surrounding long tracks E

Plane B

2. Hit clustering per plane

Hit width ('RMS') defines proximity threshold
for clustering in wire-time space

Time ticks >

3. Cluster plane-matching

4. Crossing-wire requirement
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Ambient blips In MlcroBooNEdata

-g = MicroBooNE Off-Beam Data 2-3 planes matched
O 00— (collection + 1-2 induction)
S
50 —
of—
-50 —
-100 :— :
~150 o 200 400 600 — s(l)o — 10100
Z [cm]
— 150
e - MicroBooNE Off—Beam Data 3 planes matched
O, sl (collection + both induction)
>_ - g . ; .
50— : G
E |
o # ’
- | Y
-50 :— A ; : . .
= = U-plane (induction)
100 [— | ‘ V-plane (induction)
= | | | .= Y-plane (collection)
-150 — * E—

1
0 200 400 600 800 1000
Z [cm]

April 4, 2024 W. Foreman - SBN Workshop



Radon studies in MicroBooNE

= During its 2021 R&D run, MicroBooNE explored
radon's calibration potential by doping Rn into

the active volume of LAr

— 22Rn has a 3.8 day half-life
- mixes throughout active volume

— 2%po has a short 164 ps half-life
- can tag the associated 2"Bi B

True decays
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214Bj - 214pg Decay Tagging

charge drift direction wires

(@)
t<0 214B;

—y 164.3 usec

7.7 MeV

Pb

22.3 years
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214Bj - 214pg Decay Tagging

charge drift direction wires
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t<0 214B;

Bgi ionization
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214Bj > 214PO
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214Bj - 214pg Decay Tagging

charge drift direction wires

(@)
t<0 214B;

Bgi ionization

214Bj > 214PO

1 214pg
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214Bj - 214pg Decay Tagging

charge drift direction wires
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214Bj - 214pg Decay Tagging

charge drift direction wires

>

(@)
t<0 214p;

Bgi ionization

214Bj > 214PO

1 214pg

Qp, iONization

t1 hO r
214Pg > 210Pb

drift drift
t> t-] @)

210pp

April 4, 2024 W. Foreman - SBN Workshop



214Bj - 214pg Decay Tagging

Rn

214Pg o (7.7 MeV) 3.8 days
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214Bj - 214pg Decay Tagging

214Po . (7.7 MeV)
A

E T1/2 =164 LS

Electron

dE/dx ~ 2 MeV/cm
Mean ~ 15,000 e-
up to ~80,000 e-

214Bj B (@=33MeV)
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214Bj - 214pg Decay Tagging

Heavily ionizing alpha
Eg| L @Oy dE/dx ~ O(100) MeV/cm

A

1

; Extreme "charge quenching"
: Ty =164 us (e--Ar* recombination + collisional effects)

- Signal is fainter, < ~4000 e-

7.7 MeV o deposits only as much

214N charge as a ~150-200 keV electron!
B1 B (Q =3.3 MeV) (‘Electron-equivalent energy' = MeVee, KeVee)
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Lowering the energy thresholds

Raw wire signals m Settings tweaked to achieve
lower energy threshold
WireCell toolkit > 1 Phys. Rev. D 109, 052007
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052007

Bi-Po candidate rate in radon-doping data
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https://iopscience.iop.org/article/10.1088/1748-0221/17/11/P11022

Bi-Po candidate rate in radon-doping data
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https://iopscience.iop.org/article/10.1088/1748-0221/17/11/P11022

Remaining questions...

MicroBooNE Data
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 What is the ambient Rn rate?
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https://iopscience.iop.org/article/10.1088/1748-0221/17/11/P11022

Taking a closer look...

Phys. Rev. D 109, 052007
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* Follow-up study performed with improved
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052007
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Phys. Rev. D 109, 052007
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Rate per 3.2 ms readout

1.5

Phys. Rev. D 109, 052007
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Calorimetric validation: 0-3 MeV f;

Phys. Rev. D 109, 052007
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Calorimetric validation: 7.7 MeV ap,

... and same for the

O'P energy Spectrum 0.25 Phys. Rev. D 109, 052007
© o - MicroBooNE Data —e— Data
charge yield/quenchin - Filter bypass mode : - MC, NEST . QY
ge v q9 9 Q@ 0.2 S Ty MC, NEST o QY x 120%
= - i i s=mma=s MC, NEST o QY x 80%
cand atea C B
Collec ~n o B
plane oniy 8 O 1 5 __
N -
s T
s 01
c i
© u
9 L
<C 0.05[-
l candidate :
é O_ | . '..... 3 ’__,_
£ 0 0.05 0.1 0.15 0.2 0.25

Reconstructed o, energy [MeVee]

April 4, 2024 W. Foreman - SBN Workshop


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052007

Energy resolution [%]
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MC energy resolution

16' MicroBooNE Simulation
i * Electrons with cosmic overlay
- Low-threshold reconstruction
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MC electron resolution:
= 10% at 1 MeV

= 8% at 5 MeV

DUNE requirements for:
= SNe v: ~10-20%

Euro. Phys. J. 81, 423 (2021)

= Solar v: ~7% for > 5 MeV

Phys. Rev. Lett. 123, 131803 (2019)



https://link.springer.com/article/10.1140/epjc/s10052-021-09166-w
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.131803
https://arxiv.org/abs/2307.03102

Bi—=>Po rate in physics data

Phys. Rev. D 109, 052007
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Bi—=>Po rate in physics data
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Broader implications for SBN / MicroBooNE

Phys. Rev. Lett. 128, 111801

% 805[:] NC A - Ny 1 NC 17° Coherent

(3 70FE NC 17° Non-Coherent @EmCCv, 1n°

© .| BNB Other [ CC v,/¥, Intrinsic

S 60 (=1 Dirt (Outside TPC) Z=3 Cosmic Data

S 50 EAA Total Background and Error LEE Model (xMB=3.18)

g §+ BNB Data, Total: 153 MicroBooNE

0 40 7 Runs 1-3 (6.80x10% POT)
w 30 E 1yOp Selection

Unconstrained CV

3 é_ -- gnconst.rla::‘ed Backg‘roll:n:sE:jrror
e, Y W -
WY 0.2 03 0.4 05 0607
Reconstructed Shower Energy [GeV]
Millicharged Particles MicroBooNE Simulation
Low-energy proton detection for Beam-induced BSM
1g90p background discrimination like millicharged
A particle signatures
........................ See talk on BSM in uB
l -------- from Justin Evans
low-E proton See talk on LEE in uB
(missed by Pandora tracker?) from Erin Yandel
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801

Conclusions

= MeV-scale features in LArTPC events contain information that can
enhance the physics potential of SBN experiments

= MicroBooNE has demonstrated MeV-scale capabilities to
unprecedented levels for a large LArTPC

= Tools are being incorporated into other analyses and experiments

Thanks!
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Photo-ionizing dopants

Preliminary
Doped SO Sure Liuid A
4 .E. 10_ + —®— ure Liqul rgon
o —=— with P.S. Dopant, 25% Q.E.
3 sf—‘r —=— with P.S. Dopant, 100% Q.E.
8 | +
0 N
=) S [S%
c Q B —il— ——
— c 4— —i— ——
o L L i ;
7 ol 2%.. e Bl s TR SR W
1% e

---------------------- ‘_1; Ry LRy L L) e
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N R S S S S S S SR
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Improving LArTPC Performance with Photo-lonizing Dopants, Joseph Zennamo
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https://indico.fnal.gov/event/22303/contributions/245966/attachments/157748/206865/SnowmassSummerStudy_PSDoping_2022.pdf

Solar neutrinos in DUNE

DUNE as the Next-Generation Solar Neutrino Experiment

Phys. Rev. Lett. 123, 131803

Am4,? probed by day-night flux asymmetry
L
Ap/n = (D —N)/5(D + N)

Can break degeneracy between 064, and $(2Bi) by
measuring two interaction channels via crude angular

cuts:
Ve + 0Ar — e + “OK* mmmp R, x $(°B) x sin® 61,

Veyu,r +€ — Veur + € == R, ox ¢(°B) x (sin? 612 + & cos? 012)

W. Foreman - SBN Workshop
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FIG. 3. Estimated precision of the v. and v, r content of the
8B flux, present (SNO [5}[53]) and future (DUNE), with the
ellipse for DUNE alone. Based on a simplified analysis, with
only statistical uncertainties (1) but assuming 2 d.o.f., and
with SNO fluxes slightly rescaled to match their global-fit 8B
flux. Note small axis ranges. Full analysis in text.



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.131803

Energy resolution improvements in LAr

TABLE I. Detection thresholds according to the DUNE CDR
document [5]. The values given correspond to the kinetic energy
of each particle.

P o+ Y u e others

Thresholds (MeV) 50 100 30 30 30 50

(1) CDR thresholds: Any particle created below the
thresholds listed in Table I is lost.

(2) Total charge calorimetry: Thresholds are set to zero
and no information about the hadronic system other
than the total ionization charge is used.

(3) Detailed event reconstruction: Thresholds are low
and recombination corrections are applied to each
particle in the event individually.

Phys. Rev. D 99, 036009 (2019)

3.5
—— CDR th, 17%

3.0 —— Charge, 12%
—— Best rec, 6%

257 E,=3GeV

2.0~

1.5 1

dP/dE (GeV1)

1.0~

0.5

0.0 T T T T T
1.5 2.0 2.5 3.0 35 4.0 4.5

Reconstructed neutrino energy (GeV)

FIG. 14. Simulations of reconstructed neutrino energies foi
E, = 3 GeV true energy in the CC v, + *’Ar scattering process.
The histograms correspond to three different sets of assumptions,
as described in the text.

Understanding the energy resolution of liquid argon neutrino detectors

Alexander Friedland” and Shirley Weishi Li'
SLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo Park, California 94025, USA

® (Received 13 December 2018; published 13 February 2019)
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FIG. 15. Same as Fig. 14, but for 7, + “’Ar scattering.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.036009

Low-energy physics

Light-based
reconstruction

Charge-based
reconstruction

Primarily dark-matter
experiments

See previous

Pads/
pixels

Wires

In R&D phase

ML Traditional /

algorithmic

talks from
Nicholas and

April 4, 2024

Kazu

—

Traditional reconstruction
Wire signals are noise-filtered and
processed with deconvolution
algorithms
ADC thresholded hit-finding via
Gaussian fits to pulses
Advantages:

— Software infrastructure in place in
LArSoft & demonstrated with published
results

— Based on ffirst-principles’, no need to
train a network

Disadvantages:
— Lowering thresholds is challenging
— Limited by noise floor

W. Foreman - SBN Workshop 45



Remaining Challenges

= Successful demonstrations in smaller LArTPCs...
but can we do the same in large ones?

— Lowering thresholds Critical for maximizing
— Preci tructi SBN's and DUNE's
recise energy reconstruction physics potential

— Controlling low-energy backgrounds

222

3s2¢| Rn | Radon  (@,n) reactions = diffuse neutrons

Oy

18 214 210

160 ps
3.1m PO P
314/[3(?4;"; 210/B(

0 Po
0L"214/B‘83Bl \)2ﬁ/B(S3Bi %
82

138 d

27m| Ph 2m | Ph 5

82 82 22y
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Remaining Challenges Opportunities?

. roaoa] {W’\ 214Bi (Qg = 3.274MeV)
Short 2'4Po half-life g | — Data
. 2 3 —— Monte Carlo
makes it taggable i \
(delayed coincidence £ ol
w/ 24Bj B decay) = “‘ NEMO-3 OvBp
waon |- \‘“ experiment
gaseous tracking/
i scintillator detector
arXiv:1210.7666
222
3824 | Rn o R
86 Energy of the electrons (MeV)
Oy
218 210
160
3im| Po e Po |1384
84 210 /B( 84
Oy Bi Oy
214 /B( 83 206
27m| Pb 5d Pb
82 22y 82
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https://arxiv.org/abs/1210.7666

Radon in dark matter experiments

222Rn Levels

= Existing methods of radio-purification in LAr: / 'DarkSide-50: ~2.1 qu/kh
o 2DEAP-3600: < 0.2 pBa/kg

— rigorous material screening
— outgassing campaigns

— specialized systems for filtering
Rn from gaseous argon

= DUNE aims to achieve < 1 mBg/kg to
accomplish the goals laid out in previous slides

'Phys Rev D 98, 102006 (2018)
2Phys Rev D 100, 022004 (2019)

= How will we accomplish this?

— Filtration in the gaseous phase will be more
challenging at large scale

Bq = decays per second

April 4, 2024 W. Foreman - SBN Workshop


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.102006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.022004

The MicroBooNE Detector

2017 JINST 12 P02017

~10m x 2.5m x 2.3m
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https://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017

Signal backgrounds
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Doping radon into MicroBooNE

500 kBq radium

source attached to Filters aim to remove
i t a S line electronggative
S5uiios a=> " Rn+a contaminants
bt
Condenser

4A molecular sieve
1.6-2.6 mm beads

removes water o,

Cryostat
Boil-off .
Gas 0 B Filter Sr itcl
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Doping radon into MicroBooNE

Design by Mike Zuckerbrot

The original pipe will be cut, a conflat tee will
be pressure fit, the source will be added, the tee will be
sealed, the system will vacuum pumped, leak checked,
and then operated

; Argon Gas| -----

Assembly Sketch .~ __

Radon Gas

Doped gas
flows to

Radon + Argon Gas v

i e B T R e TR AR
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166.5 cm

3 yrem/h 5
3 yrem/h

3 yrem/h
8 yrem/h
226Ra source housing: 12 premh
15 prem/hr 12 yrem/h
12 yrem/h
8 yrem/h [

3 yrem/h

LAr flow direction

3 yrem/h
3 yrem/h

1 yrem/h
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= Looked at ratio of dE/dx for segments of ACP

tracks near and far from the wire planes

= Confirmed average ~8 ms lifetime (weighted by

B candidates over time), consistent with

previous estimate from scaling the Bi214 beta

sbectrum
3 MicroBooNE Data
3 - Rn-doping periods
% I —e— Filter bypass
o I _.— Fullfilter
b L
E 2 L] I | | |
: FHHLT
(<2} o
o +
s +
© [T | o
T ] +++
C 4+t
0 " 1 P _‘_ " _*_—é—_ ) Corerre! e | ' _‘_'_*_ l_—‘—
. £ S o~ _+_ T x 2 —’_*_ _*_ " § B o
C 1 1 L 1 | 1 L 1 1 1 | 1 l
0 10 30 40
Time [hr]
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scale

Anode-cathode piercing tracks

20-40 cm from anode
220-240 cm from anode

| -

I
5 6

7

8

dE/dx of trajectory point [MeV/cm]

Time period Far/near Equivalent

[hrs] dEdx ratio lifetime [ms]
0-5 1.01(2) >180

5-10 0.940(8) 29 4/-12
10-15 0.902(8) 18 +/- 3
15-20 0.855(11) 12 +/-2
20-25 0.828(12) 9.6+/-1.8
25-30 0.820(9) 9.2+4/-0.5
30-35 0.776(6) 7.2+/-0.5
35-40 0.758(7) 6.6 +/- 0.6
40-45 0.735(7) 59+4/-04
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—— —— Background region (time-reversed)
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lon mobility in LAr

] ) 214pp |, 218pg |, 222Rn
Some fraction of isotopes are 268min | CO2MV 5 o0g min [SAOMYV 3 01 cay
positive ions - drift toward 2 O
cathode at very slow speeds 19‘931 —
99.98%
210p}, |, 214p N\ g
PhVS ReV C 92, 045504 22.20yr ‘7':;79;’;:\/ 163.8 s
Results from LXe in EXO-200
222Rn > 218Po* f,=50.3 £ 3.0%) o
v4~0.3 cm?/ (kV s) “°'
214Pb - 214Bi+ fa=76.5+5.7% Cia
Implies that measured Bi=>Po rate
can't be directly translated to a 222Rn | T A
rate, as some isotopes will have
drifted and plated Onto CathOde Figure 8. (Color online) Scatter plot of *'*Po drift distance

versus time between the **?Rn and *'*Po decays. Displace-
ment (Az) is defined as positive when movement is towards
the cathode.
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.92.045504

Toy MC assumptions

Decay Half-life | Mean lifetime lon fraction Drift speed at 273 V/icm
Daughter =T,,/In(2)

218Po | 3.1 min 4.5 min 37% +-3% 023cmis

214Pb 27 min 39 min Estimated 37% Estimated 0.23 cm/s

214Bi 20 min 29 min Estimated 56°081] Estimated 0.23 cm/s

214Po 164 us 237 us Not relevant Not relevant

April 4, 2024

[80] P. Agnes et al. (DarkSide), Measurement of the ion frac-
tion and mobility of 218Po produced in 222Rn decays in

liquid argon, J. Instrum. 14, P11018 (2019).

[81] Albert and others (EXO-200 Collaboration), Measure-
ments of the ion fraction and mobility of a— and 3-decay
products in liquid xenon using the EXO-200 detector,

Phys. Rev. C 92, 045504 (2015).
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Converting charge to energy

> 5" MicroBooNE Simulation % MicroBooNE + LArIAT: Michel electron showers
=, [ Meanfield:273Viem f — For blips, assumed constant dE/dx (i.e., constant
o) _ 'Modified Box' recombination I . .
2 4[ space charge effects included recombination)
(/)] -
8_ L Linear fit ! ft
® [ x?/NDF 146/119 T :
D [ slope 24690 £ 80 e/MeV . ArgoNeuT: Nuclear de-excitation y analysis
(@)] - I .
o | — Used NIST data on low-E e, together with
c L . . .
w | recombination, to directly relate Qreco to energy
2_
i v 5 ’
I $ ..&. ArgoNeuT
e o Phys. Rev. D 99, 012002 (2019)
L o
L .
O—...I 1 1 l 1 1 1 I 1 1 1 1 | 1 1 I | 1 1 I | 1 1 X103 ‘ﬁ;
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120 140
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012002

Energy spectra backgrounds
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Simulated energy spectra

£ 8000
'E : 1 [ﬂ True decays
o) ol
g' 7000 j“l True decays (reco'd on coll plane)
[0} - |
= & l
5 6000
5000 H.L True simulated
- Hdecays
4000 ]
= h !
3000 1
2000F- Decays producing
1000C- KTS on coll plane
E AJLW"“L,\_RLI i
O—IIIIllllIllllllllllll;_.V‘H"'lllll
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Decay vertex energy, Bgi[MeV]
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Calorimetric validation: ap,

Using NEST-parameterized alpha charge-yield (QY) model
https://zenodo.org/record/7577399

12

t 6120keV  Exjsting data for a

t 5305 keV . . /
cand ate a 0] e NEST Charge y|e|d in LAr /
Collec ~n /
plane oniy

8 1\
At 273 Vicm, #H
~390 e/MeV T

Charge yield, e/keV
o

candidate

time-ticks ——»

T 10
Field, V/cm

Figure 9: Charge yield model comparison with data from Po-210 and Cf-252
April 4, 2024
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Monte Carlo Efficiency

a QY: +/-20%

\ Systematic Uncertainty
D :+ 10, D11+ 30% Alpha QY + 43%

™~ Electron diffusion +26%, -17%
All charge scaled +/-5% ———— Energy scale + 15%
Recombination modeling + 1.9%

'Birks' model, and enhanced / Total +52%, -49%

recombination fluctuations

Final efficiency for BiPo
rate measurement:
£€=(8.3+£4.2)%

April 4, 2024 W. Foreman - SBN Workshop



Contributions to efficiency

Relative Relative
probability probability

(NEST) (LArG4)
Volume remaining after 2D cosmic track-masking ~86% same
Bi214 beta decays producing collection plane hits* ~51% same
Bi214 blips plane-matched ~62% same
Po214 alphas producing collection plane hits ~22% ~43%
Total ~6% ~12%

April 4, 2024

* Using ‘low-threshold’ reconstruction
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BlipReco code structure

ubreco/BlipReco (3.3 MB total) Blip e TN=
Alg
BlipAna_module.cc _-- ]
blipreco_badchannels.txt Utils cone/cyllnder
blipreco_configs.fcl - region
BlipRecoProducer_module.cc BlipUtils.cc
CMakeLists.txt BlipUtils.h -
job classes_def.xml -~
ParticleDump_module.cc classes.h
TrackMasker_module.cc CMakelLists.txt

"Blip" data object prototype (C++ struct)

Utils <Illllllllllllllllllll DataT)Kes.h
]

DataTypes.h : = Encodes XYZ, charge, & energy of 3D blips

struct Blip { .
= Includes distance to nearest track & track cone-
int D0 = =9; // Blip ID / index . .
bool isvalid = false; // Blip passes basic checks Cyllnder reglon ﬂag
int TPC = -9; // TPC . . .
int NPlanes = -9; /1 Num. matched planes =  Truth-matching information also encoded
int MaxWireSpan = =9; // Maximum span of wires on any plane cluster
float Charge = =9; // Charge on calorimetry plane
float Energy = -999; // Energy (const dE/dx, fcl-configurable)
float EnergyESTAR = -999; // Energy (ESTAR method from ArgoNeuT)
float Time = -999; // Drift time [ticks] DataTypes. h
float ProxTrkDist = =9; // Distance to cloest track
int ProxTrkID = =9; // ID of closest track e
bool inCylinder = false; // Is it in a cone/cylinder region? // True energy depositions
struct TrueBlip {
TVector3 :«_asiti;n: . x 30 posiFion ’Ar\/ei;o%rs " int b b) = -9; // unique blip ID
float igmay. = -9.; ncertainty in intersect [cm . K
float dX = =9; // Equivalent length along drift direction [cm] int T?C S /1 T?C D
float dyz = =9; // Approximate length scale in YZ space [cm] float Time = -999e9; // time [us]
float Energy = 0; // energy dep [MeV]
g{,Pla:?/éi““‘-’r;s"“if;ini;f”m;““" int DepElectrons = 9; // deposited electrons
4p::HitClusticlustersikliplanes; int NumElectrons = 0; // electrons reaching wires
// Truth-matched energy deposition float DriftTime = =9; // drift time [us]
blip::TrueBliptruth:IIIIIIIIIIIIIlllllllllllllllllllllllllll’ int LeadG4ID = -9; // lead G4 track ID
/i Pratotyne ‘oatEer: fivotions int LeadG4Index f -9: // lead G4 track index
double X() { return Position.X(); } int LeadG4PDG = =9; // lead G4 PDG
double Y() { return Position.Y(); } float LeadCharge = =9; // lead G4 charge dep
double Z() { return Position.Z(); } TVector3 Position; // XYZ position
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