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Introduction 

Neutrino Energy (eV)

Detected astrophysical high-energy neutrinos by 
IceCube → what is the origin of diffuse neutrino 
emissions?? unified origin of the UHECR??
Hard X-ray transients origin, such as standard long 
GRBs, has been ruled out by MM analysis

Soft X-ray transients are key • In relativistic plasma flows, soft X-ray 
photons are good targets for PeV protons 
via pγ reaction

Data and Analysis – MAXI and IceCube

Both have over a 10-year overlap in their all-sky monitoring and 
similar angular resolution.

Γ : bulk Lorentz 
factor of the plasma

Soft X-ray transient model (YM24) 

n0 : Source 
density

Results

In-situ X-ray luminosity is the gauge of both the 
neutrino emission power via the optical depth 
τpγ and the UHECR emission power via the CR 
loading factor (ξCR).

Goals of our analysis :
• Detecting the X-ray counterpart of the 

neutrino signal using the new MM likelihood 
test 

• If there is no sources, still we can provide
lower-limit of the ξCR

Check corresponding MAXI data for all neutrino track events and test for significance.
The rate is ~2 mHz and ~1/1000 of that is astrophysical-origin. 
When Δt is set to 90 minutes, the number of coincident events over 10 years is ~200,000.Idea for MM likelihood test

Pν : Two-dimensional PDFs of neutrino energy and 
angle (atmospheric, diffuse, soft x-ray transient model) 

estimated by MC simulation.

Distance distribution of the transient required to 
calculate Pxsig in pseudo-signal simulation

Using it for pseudo-signal simulation, sensitivity can be evaluated.

Pxbgd is estimated from MAXI real data every 100 days, 
considering long-term variations in bgd.

1. Generate pseudo soft X-ray transient sources 
• Calculate the number of sources in each redshift bin based on the assumed transient density and the evolution factor (here assuming SFR).
• Determine the expected numbers of events detected by IceCube for each redshift bin based on the effective area of IC. 

2. Sample atmospheric, diffuse (except the transients) and the transients ν according to the expected energy and angular distribution
3. Distribute background X-ray photons according to the 4000 days MAXI background data
4. Assuming all soft X-ray transients have the same LX_sig. Then, simulate the detected numbers of X-ray photons by MAXI
5. Calculate the TS

Procedure of Pseudo experiments

Define the Lx value where the 
median of the pseudo-signal 
simulation distribution exceeds 
90% of the bgd scramble's TS 
distribution as the 90% discovery 
potential (Lx90).
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Fig. 3.— Jointed contours of the logarithmic GRB detection rate [log(dN/dt)] distribution in a 2-dimensional (2-d)
[logL, log(z)]-plane as compared with observational data [panel (a)], assuming that the HL- and LL- GRBs are two
distinct populations. The two firm LL-GRBs are denoted by stars, and the Swift HL-GRBs are denoted by solid dots.
The hatched region marks the limitation of the Swift/BAT detectability, where the threshold is derived by using the
Swift/BAT sensitivity in the 50-150 keV band for a standard GRB with Ep = 200 keV in the GRB local frame. The
bold-faced, solid curves in panel (a) marks the 3σ confidence level of the 2-d distributions for the HL- and LL-GRBs. The
comparisons of the observed 1-d distributions of logL and log z with the model predictions are presented in panels (b) and
(c), respectively. The dashed curve in the panel (a) and the dashed lines in the panels (b) and (c) are, respectively, the
3σ contour of the 2-d distribution and the corresponding 1-d distributions derived from a LF with αHL

1 = 1.05, αHL
2 = 3,

and !LHL
b = 6× 1052 erg s−1, which gives a 3σ contour that can enclose all the HL-GRBs observed by Swift and pre-Swift

missions (see §7 in the text).
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Calculate Lx90 for several n0 and gamma values, modeling within the range n0=10-7-1011/Mpc3, 
Γ=2-10 (systematic error approximately 20%).

MAXI is not as sensitive as 
the current Einstein Probe, 
but by utilizing its overlap 
with IC over 10 years, it 

can constrain the 
contribution of soft X-ray 
transients like LLGRBs to 

the diffuse sources.

U.L of Lx
(preliminary)

L.L of ξCR
(preliminary)

L.L of LCR
(preliminary)

Yoshida & Murase, Phys. Rev. D 
110, 043045 (2024)
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assuming unified origin of UHECR and ν
αCR = 2.3, QUHECR = 2.3 x 1045 erg Mpc-3 yr-1

CR
Neutrino
diffuse

Yoshida & Murase, Phys. Rev. D 
110, 043045 (2024)


