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Overview

* 40 kton fiducial volume liquid argon detector

« Capable of detecting supernova neutrinos ) DEEP UNDERGROUNL
| - NEUTRINO

« Goal: Determine and improve detector’s pointing s
resolution for supernovae

« SNEWS, finding progenitor for no-supernova case
* Interactions
* Ve charged current - majority of events

« elastic scattering of neutrinos on electrons - most
anisotropic, correlated with supernova direction

« Steps: Use simulations to find pointing resolution for...
* single electrons

* neutrino-electron elastic scattering events

« supernova samples of elastic scattering events

« supernova samples of elastic scattering and charged image: symmetrymagazine.org
current events
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Reconstruction of supernova direction

« Supernova neutrinos interact in liquid Anode wire plane

Uuvey
argon Liquid Argon TPC

« Detected by products of interactions -
electrons, gammas

. . . . . Cathode
* lonize liquid argon, ionized electrons are =t

collected using electric field and wire /
planes

* Software used to reconstruct particle tracks ; .
Edrift~500V/cm —

 Direction of particle tracks gives info about
. . image: Bo Yu (BNL)
supernova direction



“E X VS Z E
S . I I t ~=20.25 MeV electron , e
I n g e e eC rO n S .- Dots = true trajectory : 3
; F Line = reconstructed track 4 ]
» Simulated and reconstructed isotropic single - e :
09— cm —
electrons - E
* No noise or radiologicals (yet) e ——————
g yvsz E
 Several tracks, chose longest e E
« Is primary electron ~90% of the time b E
. : 1945— L i g;-h.sh'e _E
« There is error between true and reconstructed  DUNE E
directions “E preliminary 2ch o
« Reconstructed direction = direction vector of T e
. . . Reco’'d
the first point of the track (as defined by track « direction
. ’
reconstruction software) R
’
T
« Calculated angles between true start electron {8 direction
. [ . . '
direction and reconstructed direction (0) S
s
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Directional ambiguity

 Plotted cos of angles between true start

Cos of angular difference

electron direction and reconstructed

2 03F
direction () @ F
S 0.25
« Can see directional ambiguity - two 3 o
peaks e
: .. . 0.151
« Resolving this important for determining DUNE
supernova direction 01 preliminary
« One method: daughter tracks (from 005
bremSStrahlung gammas compton 01=208 06 04 02 0 02 04 06 08 1

Cos(Angular Difference)

scattering, ionized electrons, etc.)
20.25 MeV electrons

correlate with electron direction
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Daughter Flipping

Probability of vertex being start point as a function of avg(cos(angle))

Vertex o1
Primary electron track £ E
] 0.9F
True § 0 85 —e— 10.25 MeV
direction = .
Starting side of track 0.7 T anesle
chosen effectively b e
randomly by tracking Tk
algorithm 05F
¥ Reconstructed 04b-
1 direction E
03F
/3 o02F-
- DUNE
0.1 .
- reliminar
2 07" 08 06 04 02 0 o0z ‘0‘4‘p‘ 06 08 ”y1
“/  Daughter tracks com T T "~ Avg(Cos(Angle))

 Flipped tracks using reconstructed daughters

 Calculates average cos of angles between reconstructed track direction and location of
daughter tracks, for each end of electron track

« Choose starting point of track to be the side for which avg(cos(8)) is largest

 True starting vertex should have larger avg(cos(9))
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Directional ambiguity

Fraction of tracks
with correct sign
(cos(B) > 0) vs
electron energy

With daughter
flipping, higher and
above 50% correct
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Fraction with Correct Sign

Fraction with Correct Sign vs Electron Energy
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Single electron pointing resolution

Pointing Resolution vs Electron Energy

« Pointing resolution = 5 160r
Angle at which 68% % 140 /M
of events are closerto 5 120
truth & 100 DA
e Daughter flipping g 80
helps more at higher £ F
energies - more O bune
daughter tracks with 201 prefiminary
more energy % 020 a0 a0 B0

Electron Energy (MeV)
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° ° e 2 2 T 2 2 2
Vv-e e|a5t|c Scattenng T = o L9a+av)” +(gv —ga) (1_E—y) +(9A—gv>(Ey)2]

. . . species | ga %
ointing resolution et e By+me [T
Ve 5 2sin” Oy + 5 | cosf = z T+ om
U —2 | 2sin” Oy + 3 v ¢
« Wrote event generator, simulated and Vur | —% | 2sin® Oy — 3 | AlexNikrant Ranjan Laha &
. . — T 24 29 — 1 Shunsaku Horiuchi, Phys. Rev. D
reconstructed neutrino-electron elastic Vp,r 2 SIn” Uw — 3 97,023019 (2018)
scattering events (500 per energy and 68% Angle vs Neutrino Energy
per flavor, no noise or radiologicals) 5 F
T 45—
« Total pointing resolution comes from 2 b . v,
f F —o— Vx
combination of: 2 b Dy
* neutrino-electron angle spread 0E
. 25—
» electron reconstruction error wof
« Computed angle at which 68% of true sE
electron directions are closer to true o DUNE
neutrino direction 55 preliminary
OO_ I1|OIIII2|0IIII3|0IIII4IOIIII5|OII

Neutrino Energy (MeV)
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Pointing Resolution vs Neutrino Energy

140—

M M g - A/\/@
v-e elastic scattering R e
'S 100
pointing resolution i
* . DUNE '
« Computed pointing resolution of mf Preliminary
. . ok\\\\\\\\\\\\\\\\\\\\\\\\\\\
reconstructed electron direction N
Standard reconstruction
Wlth respeCt to neUtrIno dlreCtlon . Pointing Resolution vs Neutrino Energy
S 140F
« Standard reconstruction vs 5 0 %
. . é 100F-
daughter flipping C
. . S 6ol *Ve
« Daughter flipping helps . DUNE >
resolve ambiguity 2o Preliminary ’
O He a0 a0 50

Neutrino Energy (MeV)
After daughter flipping

"y DEEP UNDERGROUND
DUkC UNIVERSITY D, m— NEUTRINO EXPERIMENT



Events vs neutrino energy

Events

10000

Supernova samples of
elastic scattering events =

« Chooses neutrino interacted energy .
and flavor (GVKM model distribution
from SNOwGLOoBES)

4000

DUNE
« Simulated 500 isotropic supernovae 2000 preliminary
« 260 elastic scattering events each in . L
same direction (GVKM model 10kpc POT00E 003 00T 08000 00T O ey GV
SN) do  G%*m, T mel
) _ ar - gﬂ [(9a+9v)? + (9v — 9a)*(1 — E—)2+(9,24—9\2/)(E )2]
- Elastic scattering events = ~7% of v g
species | g g
total, charged current ~93% > T T
e | 2 1 =5 2 E,+m. [ T
N . d I . I Ue —% 281n20W—|—% cosfh = =~ e
« No noise or radiologicals vr =t [ 2emZoy — 1 E, T+ 2m,
Upr % 2sin® Oy —%
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Supernova samples of ES + CC events

* Used a pre-existing CC sample (made using
MARLEY generator)

* Sampled according to GVKM model SN
energy distribution from SNOwGLoBES

Event rates vs neutrino energy, nueCC

60

Event rates

50
DUNE

40 . .
preliminary

« Rotated to match ES neutrino directions

30
« Ignoring detector anisotropy for now

 Added to ES sample to get 500 ES+CC SN
samples

20

° EaCh SN has 260 ES and 3350 CC events 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 En%%?,(ee\(/)f
(GVKM model 10 kpc SN)




Cosine of angular difference, reco energy 24-26 MeV
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Fermi: 1 -+ % COS 6 %7 08 06 04 02 0 02 04 06 08  1

Cos(Angular Difference)
G amOW_ Te]_]_er : ]_ — % 2 COS 9 Cosine of angular difference, reco energy 24-26 MeV
C

DUNE
mmCC .
mes  preliminary

Fraction of events

« CC events less directional, but
still have directional information

« We will include them in the fit

02 04 06 08 1
Cos(Angular Difference)
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Reconstructed supernova direction

« Wrote likelihood function to find supernova
direction from all electron directions and energies

L = H P(EMC/Z\MC/Z\SN)

E; = reconstructed electron energy
a[l- — reconstructed electron direction
dgn = reconstructed SN direction

LLH fcn vals

—

180 deg from —750
reconstructed
SN direction

os( I neta)
o
[e0]

* Minimum of negative sum of log likelihood function is 0.2
reconstructed supernova direction

DUNE

+ Used 250 supernovae to make probability distribution
preliminary

functions for likelihood function, then found pointing
resolution of remaining 250

II||II|III|I]I|III|III|III|II

Reconstructed
-0.8 SN direction

3

» PDFs only represent ES events for now 3 -2 -1 0 1 2 (rad)

« Adding CC events could make them more realistic
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Supernova pointing resolution

« Daughter flipping & likelihood function help a lot

 Difference after adding CC events probably just
small fluctuation (low statistics), but shows CC

events don’t drown out directionality of ES events

ESonly |ESonly [ESonly |ES+CC
No extra |Daughter [Daughter |Daughter
flipping, |flipping, |flipping + |flipping +
maximum |maximum (likelihood |likelihood
binis SN [bin is SN [function |function
direction [direction

Pointing 147.2° 30.6° 9.7° 7.5°

resolution
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Fraction of SNe

Cos of angle btwn true and reco'd SN direction

DUNE
preliminary

0.05¢ \:
0

1

R s
02 04 06 08 1
Cos(Angular Difference)

08 06 04 02 0
No extra flipping, no likelihood function

Cos of angle btwn true and reco'd SN direction

Fraction of SNe
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DUNE
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of

A I B R A
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P RN EFRTE AU N
-08 -06 04 -02 O

ES + CC, daughter flipping, using likelihood function
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Future steps

« Add noise and radiological backgrounds

« Find pointing resolution assuming different ES/CC
distinguishing capabilities

 Pointing resolution as function of SN distance

* Try to use multiple scattering to disambiguate direction
and improve pointing resolution
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Summary

+ Goal: Determine and improve DUNE's pointing resolution for supernovae
« Simulated and reconstructed

+ single electrons

« neutrino-electron elastic scattering events

* supernova samples of elastic scattering events

« supernova samples of elastic scattering and charged current events
* Found current reconstruction has track direction ambiguity

« Negatively affects pointing resolution
» Used daughter tracks to flip tracks
+ Used a likelihood function

* Pointing resolution = 7.5 degrees (10kpc supernovae, elastic scattering + charged current events,
no noise or radiologicals)

« Further work needed to get more realistic pointing resolution and study as function of supernova
distance
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Backups
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Single electron cos(B8) comparisons

Standard reconstruction With daughter flipping

Cosine of angular difference Cosine of angular difference
2 E 2 C
c = e =
L% 0.45 - d” |.T>JJ 0.8 ;— —H
5 0.4 == 10 MeV //; - o 2310 MeV ////
§ 0350 #+ 50 MeV s O7F 4450 MeV 7
g 0350 7 8 060 Z
£ oaf £ 0%
= 7. 0.5F 7
0.255} Z - 7
= 1 0.4F
0.2 DUNE 5 S DUNE 5;;
015 _ 5 0.3 — 7
7 preliminary X - preliminary 7.
0.1:37 N 0.2 ?ég
SRR NS o1t
0.05k5 0% S \s\\é’; SN 5
1208 06 04 02 0 02 04 06 08 1 077208 06 04 02 0 02 04 06 08 1
Cos(Angular Difference) Cos(Angular Difference)

Pointing Resolution gets worse with energy
because of directional ambiguity and inclusion of
narrower peak at cos(8) = -
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Pointing Resolution improves with energy because
of better directional disambiguation




Elastic scattering cos(6) comparisons (Ve)
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)1 208 06 04 02 0

Standard reconstruction

Cosine of angular difference

02 04 06 08 1
Cos(Angular Difference)

Pointing Resolution gets worse with energy

because of directional ambiguity and inclusion of

narrower peak at cos(8) = -
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Fraction of Events

With daughter flipping

Cosine of angular difference

preliminary

0.5

N ~ 10 MeV
0.3
0.2 DUNE

f&{_\\ .. \\TT\I_
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00 e : X
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1

Cos(Angular Difference)

Pointing Resolution improves with energy because

of better directional disambiguation
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Channel tagging

De-excitation gammas: “isotropic cloud”

« Work underway by Erin

Conley G
« Charged current and =)
neutrino-electron elastic
scattering produce different S
topologies T Bremsstrahlung gammas: “Forward-moving jet”
« Erinis attempting to use |

these to distinguish types of
interactions in DUNE




Another view of the SN cosb6 distribution (with daughter
flipping and the likelihood function)
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