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Search for Neutrino Emission from X-ray Binaries with KamLAND

Introduction Method Simulation & Summary

o 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 T 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 vears, 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.

and enhanced mass transfer (flare) lead to X-ray brightening and increased
hadronic acceleration. A correlation between flares and neutrino emis-

e Injection Recovery Test: Testing whether the algorithm can recover the
number of signal neutrinos injected according to S; each ny,; has 1000

N trials.
sion is therefore expected.
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Figure 3: An artist’s concept of the Neil Gehrels Swift Observatory.
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Figure 1: Schematic of an X-ray binary, —k: index of KamLAND period. Figure 5: Recovering the injected signal neutrinos.
Predit: NASA/CXO/MINEEES —4: index of the 7-th neutrino in the dataset.
_ N, 2 S - e Significance: Testing the detection potential of KamLAND for the XRB
e KamLAND: Short for Kamioka Liquid Scintillator Antineutrino Detector. It Nz totakl) nunflber of neutr}inos H peglod ];.RB V 4go 4 Cye for the enegrgy range 10 - 1?0 MeV. Each tested point of flux has
- = : : - — N number of neutrmos that come from S. |
was designed to detect v, primarily from surrounding nuclear reactors using s | . . T A 10,000 trials (the uncertainty in BE is not included for now). The flux is
inverse beta decay: —&: PDF of the signal neutrinos. S = &% X &' x § . .
' r 7 | , , averaged over the flare period (9 days). Please note the 3o line is calculated
Ve +D — e’ +n. (1) 5™ energy PDE of the signal neutrinos; a power law is assumed but the oo line is fitted due to an insutficient number of trials
It contains 1 kiloton of ultra-pure liquid scintillator housed in a ~13 m diam- «S - assumed _tO be P?OPOTUOH@J to the X—ray' intensity, ob-
ol nylon Selllaariime e a aeirloatn e Sphere. tam.ed by applylr}g Bayesmn Blocks .tO the XRB hght Curvg and 30_...., ................ :...—. ............ | R R "
e KamLAND Periods: The experiment is divided into 4 periods, depending setting a dynamic threshold, following the IceCube analysis [1].
: 55 . V404 Cyg 95 4
on whether the inner balloon (IB) is inserted: ool . <
— Period | (2002—2011) without IB. 0.5 Bayesian blocks /[ % () -
— resho -
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Out'ﬂ;‘;iﬂfgﬂ)@f” o | . 1 : 13 :-. /"-(”P‘zz;‘ﬁgﬂ close to 100%. | = T et e Summary: We have developed an unbinned likelihood search for MeV-
. mlume\" ) i ’,'f;: .‘;‘E\: K 4 | - _BZ:S’ }EDF of the backfr(;uns nlfutrmos 5 B 5 | X lB 1 x (lf . .h' scale neutrino emission from X-ray binaries, using KamLAND IBD events
(@ = 12m) N4 y ijl m ~\ / (tkon + 57 energy PDE of the background neutrinos; calculated by histogram- time-correlated with Swift /BAT and MAXT flare light curves. The method
Sairlest atecl tank mazZan: A ming the neutrino energies measured by KamLAND. ' : RS ' o doo
p N Qe ) & 3 Y is validated by injection-recovery tests, and we estimate KamLAND’s de
- 18m >y uffer o . L - . - . . : :
( ) i =% pullerl « B time PDF O.f the background neutrinos; calculated by averaging the tection potential for V404 Cyg. The low IBD-like background in 10-150
| 2 number of neutrinos detected by KamLAND. MeV makes even a few flare-correlated events significant.
/1;';";;3;? « B detector-efficiency PDF'; taken be the same as S as an approx- P
' imation for now.
— fin¢ threshold of the light curve (minimum 5% of the max). 1] R. Abbasi et al. Search for high-energy neutrino emission from galactic x-
—I": maximum time lag allowed between the flare and the neutrino arrival ray binaries with icecube. The Astrophysical Journal Letters, 930(2):1.24,
time; set to =7 days. may 2022.

Figure 2: The KamLAND detector —wy: signal weight of period k; the fraction of ST falling within period k.



