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Figure from G.Raffelt

Stars burn lighter elements \When the mass of the core Neutrinos are

into heavier ones until the becomes larger than the trapped inside the SR W S e U

core reaches lron. Chandrasekhar mass the neutrinosphere. TR SRS e L i SR e D s
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collapse starts.

* A huge amount of energy 1s released 1n the form of neutrinos of all flavors.

* The explosion can the host galaxy.

* Similarly neutron start mergers are also very dense 1n neutrinos.
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Neutrino Flavor Conversions in Core~Collal:>se Supernovae
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e Neutrino flavor oscillations 1n i
CCSNe is a very rich and non-linear . |

phenomenon: i v B
Collective Neutrino Oscillations § : /
V2Gr / d”q (1 = vp - vq)(pv = po) :
e Neutrino flavor conversion 1s crucial to NN/ AN Y aE
' 11.2 Msun — !
! 400 | lelO -
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e Production of heavy elements could be very £ Le12
¢ o . . {) lel3
sensitive to neutrino flavor conversions. £200f: — lel4
» Understanding neutrino flavor conversion is §
important to analyze the neutrino signal. ) 200300400500 |
tpb [MS]

Ehring+, Phys. Rev. Lett. 131 (2023) 061401
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Neutrino Flavor Conversions in Core~Co||aPse Supemovae

* In the mean-field approximation:
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e Probing beyond mean-field approximation: multi-body correlations in the
neutrino gas.




Collective Neutrino Oscillations on Quantum Computers
e [t can be modelled exactly within the full many-body picture.

i Jij = \/EGFPI/(I - Cosgij)’
H =H'+ H" = Zb o) + NZ,: Ji6®) - 60,
Am?

P="E

sin(268,), 0, —cos(268,)],

’ e His in the many-body picture!

* This 1s an all-to-all problem!

* The size of problem increases exponentially with N!

e This 1s exactly where quantum computers can help! -
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Collective Neutrino Oscillations on Quantum Computers
e Trotterization error:

AR . SN Ly e R AN T N A
V' a X A AT AR I AT W RSN SE N S

: R A A AT VISV 7 o RN
g L : % R ORI R Y
A YIS AL

OA8 0%

P iSO AR

R N ST

Trotter error

DT 5 1 ->'

ET S R
g B T A TR P TR < TVTHT I g Wi T L

H = H”+H””—Zb o) + — ZJUO' ), A—l—B # €A B

i - B . P @ Ve A TN > . __ e -

e Quantum computers are limited in their gates!
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e Not all the qubits are connected!
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Hgbrid Quantum-Classical APProach

e We choose a trial wavetunction:

e Mcl.achlan’s EoM: M( ) (9 —_— V( )
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* M and V components can be calculated on QC, then can B_é solved on HPC
devices.
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Collective Neutrino Oscillations on Quantum Computers

e Our projects have been selected for the pilot phase ot two of Europe’s
most advanced quantum computing systems at the LRZ.

e Euro-Q-Exa: a 54-qubit superconducting quantum

computer system inaugurated just in March. It 1s tightly integrated
with supercomputers for hybrid workflows

e MAQCS (planqc): 1000-qubit device based on neutral atom
technology:; all-to-all connectivity!
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Summarg

e Core-collapse supernovae and neutron star mergers are very dense 1n neutrinos.
* Neutrino flavor conversions 1s very different in such environments.

e Quantum computers can be used to study this problem in many-body picture.

 Hybrid could help in a number of ways!
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Supernova Neutrino

— Expected distribution

* Nontrivial: what are the spectral parameters ™ Extracted events
given the event distribution at the detector?

» Mathematically speaking, we want to
calculate P(parameters)

15 20

Positron energ

* Al has transformed this field:
Generative Al
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Bavesian Neural Network

 Inputlayer  Hidden layer  Output layer ~ Weights with distribution | : 0'6 .
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