Pointing to a supernova with the DUNE experiment
l I ‘ Janina Hakenmuller for the DUNE collaboration, Duke University, Durham, NC
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Multimessenger astronomy and DUNE experiment Supernova neutrino detection with DUNE
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Supernova bursts: Neutrino emission f_mm supernova burst Skymap of recogftructed events (from simulation).
. unique Opportunity to derive infall Neutronization Accretion __Cooling —, E

astrophysical and particle physics %; Ve ~ I:)ergy spectra. - ‘

insights — detect all available signals T 5 0% e T
e over 99% of energy released 2 ool N e

in form of neutrinos E % E A X
- time frame of burst: e 2N/ N\

* neutrinos: ~10“ to ~10s gﬁéi 2002 N NKin

« electromagnetic: 4 = %0‘01 \ OQreS:;S

first signals after a few hours : R N
=> neutrinos as early warning of bursts Eég B EN
. NeL_Jtrinos c_)nl_y Interact very weak 45; = Dominant detection channels in liquid argon:
=> direct pointing back to source £ Charge current interaction v CC: |v, + “Ar — ¢~ + %°K* | Geant4 eES event:
-~ multimessenger astronomy <35 . e
(alerts with SNEWS: SuperNova early — s= ~3000™ events for supernova burst at @10kPc electron neutsing
warning system [2]) 25 5 ? o — overall flat angular distribution _ e
| T | T et T Time (seconds) Elastic electron scattering eES: [Ve T € —7 Ve T €
Need: fast and directional neutrino detection ~300* events for supernova burst at @ 10kPc _,
DUNE experimental setup liguid argon time-projection chambers: — direction scattered eletron related to incoming neutrino o
ionization and scintillation light (*event numbers determined with GKVM model in SNOWGLOBES)

e tO1RINY @Ctive calorimeter — Challenges: directional disambiguation
— Highlights: differentiation of event types (channel tagging)

* large mass: 4 x 10kt far detector
7~ - high statistics
~“~——— eynderground: 1.5km rock/ 4300 m w.e.
— background suppression
* excellent 3D imaging
- pointing to supernova,

[3] Liquid ArgonTPC

i \ R
> s
o

Machine learning and online pointing code

Strategy: fast determination of direction O(1min), increased precision over time
- transfer code to standalone code outside of DUNE LArSoft framework
V => complete workflow to test machine learning upgrades
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&, fff“ff;a multimessenger v within this insitu computing setup
o 7 »V_detection Neutrino skymap of supernova direction:
S 7 . complementarity to : 2000

¥ wire plane waveforms

other experiments
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Evaluation of pointing resolution

of neutrino-induced events, background and noise with
Geant4 and Marley wtihin DUNE LArSoft framework V

reconstruction daughter 3
track

1850,

Negative Log-likelihood

11800

[4] < > 1750
0.68 0.90 0.99
Confidence level

- desired output for multimessenger astronomy
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e [dentify supernova events o ) orimary
* determine energy of primary electron _ electron Machine Learning approaches
* determine direction of primary electron PN _~"" (flipped o | _
daughter flipping RS ¢ —e.g. 1D-CNN to extract low energetic signals from raw waveforms
| | | | | | | "‘ """"" PR all see M. H.L.S. Wang et al., NIM A 1028 /20022) 166371, poster by Van Tha Bik Lian on auto encoder
T Angle between true and || daughter1 . fo ) * combination of hits to tracks:
55 recon. direction: | track (see poster by Joshua 3D pattern reconstruction, track reconstruction at low energies
5| ouy, ; Queen on ,Testing the head tail disambiguity — studies with ICEBERG, poster by Joshua Queen
s 4f & Wor ggggmﬁgs;o[')”m% i * real time event selection above background/radiological noise:
=5 " %Qfess iy ' ICEBERG") start at raw image input 480 x 64 (wire x time) A -
gz. with daughter flipping | electron A’ y - first ever exploration of employing 2D-CNNSs
21l without daugther flipping | (e direction) daughter 2 onogonal plane o on FPGAs for DUNE: |
track primary track Jwa, Yeon-jae, Giuseppe Di Guglielmo, Lukas Arnold, Luca Carloni, _
900 =075 —0.50 —0.25 0.00 0.25 050 0.75 1.00 and Georgia Karagiorgi. "Real-time Inference with 2D Convolutional g
Qirurn * draconstructed Fiducial Mass: 40 kt Neural Networks on Field P"rograrr_]malg)le Gate Arrays for High-rate [
- " oy 10 Particle Imaging Detectors." Frontiers in Al 5 (2022): 855184. ©
combination of events to burst UNg  Event classification (channel tagging):
maximum likelihood estimation . e.g. application of YOLO (you-only-look-once)
of burst direction ? 5 by Georgia Karagiorgi and Judicael S.E. Clair .
. make assumption on ratio of o < for DUNE
mlssreconstructed events E]r.J ' 60 % ¢ COmblnatlon Of eventS tO burStS . . event
O 2 find minimal required amount of information \
LAr volume 40kt 10kt (one < o, o £ for an acceptable precision " eEs || v.cC
module) o : _, focus on fast extraction of these information 7 e N
perfect 3.7deg 7.4deg 0.2 use classifiers from supervised learning for hints e -y
disambiguation | . Fermi
0 - : : : i
4% v CCasekES 5.0deg 10.6deg oo _ . _ . a2 L, mm) implementation of final code in FPGA to be deployed underground,
- publication in preparation [4] CeES - eES his4ml tools (,,high level synthesis for machine learning®)
Literature:
igure Crab Nebula: NASA, STScl Sanford Underground Fermilab

~igure DUNE facitlities: https://www.dunescience.org/ Research Facility
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