UNIVERSITY OF DELAWARE

BARTOL RESEARCH
INSTITUTE

Search for Neutrino Emission from X-ray Binaries with KamLAND

Chaoxi.an Lin, Spencer Axani
chacelin@udel.edu .

'Depar.tment of Physics and Astrorjomy, University of Delaware, Newark, DE 19716-2570, USA

Introduction Method Simulation

e X-ray Binary (XRB): A binary star system in which a compact object e Source Selection: Using publicly available Swift/BAT and MAXI data Varying ng, fin, and 1" to maximize L gives the best-fit values of these three
(neutron star or black hole) accretes matter from a stellar companion. from the last 20 years, we found 94 high-mass XRBs and 165 low-mass parameters, based on the PDFs described previously.
Neutrino emission is predicted from the disk and the jet. Disk instabilities XRBs. e Injection Recovery Test: Testing whether the algorithm can recover the
and enhanced mass transter (flare) lead to X-ray brightening and increased number of signal neutrinos injected according to S; each nyy,; has 1000
hadronic acceleration. A correlation between flares and neutrino emis- trials.
sion is therefore expected. aayor
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Figure 1: Schematic of an X-ray binary. k=Ii=1L 1Vk k : 0-
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—1: index of the 7-th neutrino in the dataset. Nin;

e KamLAND: Short for Kamioka Liquid Scintillator Antineutrino Detector. It — Ny total number of neutrinos in period k.

was designed to detect v, primarily from surrounding nuclear reactors using .t number of neutrinos that come from XRBs. Figure 5: Recovering the injected signal neutrinos.

inverse beta decay: . . .  CE T doff

V. +p— e +n. (1) 5: g DF of, tigSignal neut]?mos. 5 _.S Xo% X5 | e Significance: Testing the detection potential of KamLAND for the XRB
It contains 1 kiloton of ultra-pure liquid scintillator housed in a ~13 m diam- ’ ST: energy PDF of the signal neutrinos; a power law is assumed. V404 Cyg for the energy range 10 MeV - 150 MeV. Fach tested point of flux
#S7: assumed to be proportional to the Xeray intensity, ob- has 10000 trials. The flux is averaged over the flare period (9 days). Please

tain.ed by applyipg Bayesian Blocks .to the XRB light bkl and note the 30 line is calculated but oo line is fitted due to insuflicient trial
setting a dynamic threshold, following the IceCube analysis [1].

eter nylon balloon inside a stainless-steel sphere.
e KamLAND Periods: The experiment is divided into 4 periods, depending

on whether the inner balloon (IB) is inserted: V404 Cyg number.
~Period I (2002 2011): without 1B o o /r PR P I s —
— Period IT (2011-2015): with IB; reactors shut down after the Fukushima o :ﬁiijﬁblm j 30 —
event, and the science goal shifted to neutrinoless double-beta decay:. % 0.4 i
— Period IIT (2015-2016): without IB; it was removed due to silver (Ag) . /\ / 0 25-
contamination. :jg ' / \’ | :;
—Period IV (2016-—present): with IB; a cleaner IB with more Xe was in- = Z.;:.--*u--;ﬁ J L | T 207 —®— median signal TS
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B wiuoe i $| Dt et —B: PDF of the background neutrinos. B = B x B! x B!, :
- Ny [ ’] 4 « BE: energy PDF of the background neutrinos; calculated by histogram-
@=18m) N\ T - AT | Buffer o ming the neutrino energies measured by KamLAND.
\q R e £ «B": time PDF O.f the background neutrinos; calculated by averaging the Figure 6: The detection potential of KamLAND for V404 Cyg.
SESECEEEI @2k number of neutrinos detected by KamLAND.
S22 4| « B detector-efficiency PDF; same as S9! References
. — fine threshold of the light curve (minimum 5% of the max). | | | o |
~T: maximum time lag allowed between the flare and the neutrino arrival 1] R. Abbasi et al. Search for high-energy neutrino emission from galactic x-

= N ray binaries with icecube. The Astrophysical Journal Letters, 930(2):1.24,
time; set to =7 days.
Figure 2: The KamLAND detector may 2022.




