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The UHE Cosmic Background Radiations

The UHE Cosmic Ray + Neutrino Energy Fluxes
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The conditions the Common Sources must meet

The only narrow parameter space is allowed!
Survival Condition

Escape Condition
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Luminosity Density -

by UHECR flux

Energetics Condition

Fiducial Neutrino
Flux Condition

py optical depth

Yoshida & Murase PRD (2020)
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R\ ces’

NRL. The scorebook of
et ETndmdual transient astronomical object classes

Energetics  Fiducial v flux Acceleration Escape Survival
T, S 0.4(4/56)7021

jetted TDE  Challenging OK OK with nuclei OK Maybe
Biehl+2018  scr = 100—1000  7,, = 0.1 ¢ 2 107%(2/10)7% 1,, S 1(4/22)*

TDE wind OK Challenging Maybe 0] OK
Murase+2020 &pp = 1 — 10 Tpy 2 0.1 &g = 1(2/10) 72 1., S 3 (A/22)*

Low L GRB Maybe OK OK with nuclei OK OK
Murase+2006 &.p = 10 — 100 Tpy = 0.03 £ 2 1072(2/10)~2 Tpy S 1(4/22)*

Engine-driven SN QK Challenging  Maybe 0] 4 0] 4
Zang+ 2019 Ecrn=0.1-1 Tpy = 0.03 ¢ = 1(z/10)72 T,, S 3 (4/22)*

Yoshida & Murase PRD (2024)

Side Note: This is a one-zone model
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The most likely target photons are in X-ray range
in the relativistic plasma flows

Photohadronic interactions

eg. py — A+ - n7T+

T T - v L P, T q 7.4 v ey Ty
<. D. Bloo posium ... 3¢ 2
§  D.O. Caldwell, et al. Phys. Rev. Lett. 25, 1970 F g -1
D. O. Caldwell, et al. Phys. Rev. Lett. 40, 1978 ( p ) k

10/ \1PeV
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direct (jet) plasma

-- multipion

F Lorentz factor of

A
50 100

Shigeru Yoshida - TeVPA 2025



The generic neutrino source scheme
via photo-hadronic framework

in-situ photons

photon luminosity
R LX neutrinos  py optical depth P
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The in-situ photon Iuminosity{

A gauge of the source power

The gauge of the neutrino emission power via the optical depth

The gauge of the UHECR emission power via the CR loading factor
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The UHE Cosmic Background Radiations
L, (2-10 keV) 5x10% erg/s (low luminosity GRB-like )
The expected cosmic neutrino background flux
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Neutrino and X-ray stacking search

the both facilities monitor all-sky and
the data has been archived

———

IE:EI.ZV:VLIBE AT 1034 sec

A neutrino event

Event 138415/56188508-0
Time 2023-10-04 14:39:41 UTC
Duration 23434.2 ns o

EEEEEEE

2keV-10keV
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X-rays! All-sky monitor MAXI is joining the v campaign
* On board the International Space Station (ISS)
e Scans all-sky every 92 minutes with ISS rotation

searching for X-ray transients, monitoring hundreds of X-ray sources, | ONASA
with Gas Slit Camera (GSC) in 2-20 keV ‘
* Operated since 2009 August 15 (over )

* The only all-sky X-ray monitor currently in operation
* Data downlinked in real time - Real time alert

Add great synergy to MM astronomy

before trigger

GSC from: 2020-12-12T17:31:16  from: 2020-12-12T19:04:10
to: 2020-12-12T17:46:00 to: 2020-12-12T19:18:37

1-dimensional position sensitive
proportional counter



The search scheme

2 -10 keV
AR

MAXI
FOV

trigger search

—> ~4(0 sec +— — ~40 sec

V (Time, RA, DEC,Ev)

We employed AT = 103 sec
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Looking at excess of X-ray photons
PDF of the photon counts by the data driven approach

MJD589XX, TotalN1061483.0
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Extended Poisson Likelihood Construction

running over all the IceCube — MAXI data pairs

v signal related X-ray v signal “not” related X-ray

Nobs Nobs I I I . I

O dif g | pbed
{”difPV (E,,0) — H.sing (E*.'»(”}PXDB

sig Sig 1
———— Py (,.6) X Py (Nx, Uxsig(Lx) +
Ratm T N4if Matm + Ndif

Ls ig — ﬂ c —H (

Nope !
obs i—1

N,y © total number of events Nx : Number of X-ray events + Matm pam. £
u : total expected numbers P : Probability Density Function Natm + 1dif v (£y,0)
n : expected numbers of each O - direction of the events -

component € :energy of the events

atmospheric v bgd “not” related X-ray
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Running Pseudo-experiments

When follow up neutrino direction 200k times

lceCub — MAXI taken from 12yr long IceCube archival data, dominated by atmospheric neutrinos.
Purity of astrophysical neutrinosis < 0.1 %

work on progress

Ly = 10*erg/s ny=5x10""Mpc~3 Lsig(Lx)

Lpga
Work on progress
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The expected sensitivity
TS = logl—ILsig(LX)

Lpgd

TS Distribution (=2, ng =5e —09)

Background
L5'9=6.0 x 10%*%erg/s

L35 = 1.0 x 107erg/s if null detection
Median(TS) (6.0 x 10%6):0.0732

-+ Median(TS) (1.0 x 10%7): 0.0793
BG TSQO% :0.0727

—-2/3
Ly S 6 X 10% To lerg/s]
IceCube - MAXI 5% 107°Mpc~3

Work on progress
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Parametrization to describe cosmic-ray/v emissions

CR loading factor éCR determines CR emission power — How hadronic you are?

Ler = ¢cr Ly

/ decide the target photon
Ly

densny
\ r Lorentz factor of
/ (jet) plasma
OC \/ LX F 2 decide the size of

the interaction zone

X-ray luminosity

py optical depth Tp-y determines neutrino emission brightness

Yoshida & Murase PRD (2024)
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Decompose into the source parameter space

Yoshida & Murase PRD (2020)
based upon yYoshida & Murase PRD (2024)

< [§cr/X B X Ly X(VLy, 1)x f(I)
T 1 \ J

Neutrino flux

\ Bulk Lorentz factor

! of the plasma (jet)
Now we are measuring/constraining

L

X

We want to know
this

MW observation/
theory could tell

Shigeru Yoshida - TeVPA 2025 16
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Neutrino and X-ray stacking search

When placing Lx upper limit

For a given n, [Mpc™]

No

LXS6X1046(

5X10~2Mpc—3

Vv &

ICECUBE

diffuse

D, x

|

2

SCR

|

We know this Yes,now we gEt
Lower Bound!

X Ly X(vLy, 1)
J

\

|

) 3erg/s
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the Upper Limit
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The lower bound of CR loading factor

to explain the cosmic background flux data

For a given ny [Mpc3] and '

diffuse

D, iCR X l(X X(\/}L_X, 1)

Yes how we get The upper limit is placed
V4

by the stacking analysis
Lower Bound! )

—2/3
We know this Ly = 6 x 10% (5 > 10_9Mpc_3>
by the 13 diffuse data

[erg/s]

local source number density

We have determined gé,ll_\; (no, F)

higeru Yoshida - TeVPA 2025 18
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local source number density
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The Excluded parameter space for UHECR sources
determined by

LUHECR — 5 CRLX
No Lypgecr < QuHECk
. < 9 X 10%*erg Mpc2 yr?
? Ecr = 10 PeV

Otherwise these sources would overproduce UHECRs!
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The line of Quyrcr

=
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L

o Based upon Yoshida & Murase PRD (2024)
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Constraints on B, &, and I’

2

n 3
B=100 Gauss Ly < 6x10% ( 0 ) erg/s

5X10~2Mpc~3

(1000

Exclude sources with T* >> 1

1 1 _1

L 3 3 n 9
['s13 X o
7 X 10%7erg/s 10~10Mpc—3

- Based upon Yoshida & Murase PRD (2024)
Bulk Lorentz factor
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Summary

Xray transients (e.g. LL GRBs) are the most promising candidate
of the UHECR — neutrino unified origin

Neutrino — Xray multimessenger search will measure/constrain
the cosmic ray target Xray luminosity L, [erg/s]

The neutrino flux determines the CR loading factor (or L ecr)
for the obtained/upper limit of L,

lceCube — MAXI is sensitive to substantially constrain
the LL-GRB scenarios to account the UHE neutrino/cosmic ray sky

Shigeru Yoshida - TeVPA 2025
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Backup
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local source number density

The most likely CR loading factor

-
Bulk Lorentz factor

favored by the cosmic background flux data

For a given ny [Mpc3] and '

diffuse

CDU X €CR X L\X X(@’ 1)

Now we know this
by the stacking analysis

You can determine this!

We know this
by the I3 diffuse data

We have determined €CR (nO, F)

10!
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The most likely CR loading factor

favored by the cosmic background flux data

For a given ny [Mpc3] and '

diffuse

CDU X €CR X L\X X(@’ 1)

Now we know this
by the stacking analysis

You can determine this!

We know this
by the I3 diffuse data

local source number density

We have determined €CR (no, F)

ru Yoshida - TeVPA 2025 24
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The most likely UHECR Luminosity

favored by the cosmic background flux data

For a given ny [Mpc3] and '

diffuse

CDU X €CR X L\X X(@, 1)

Now we know this
by the stacking analysis

| You can determine this!

local source number density

We know this
by the I® diffuse data ecp = 10 PeV
Lynecr(Mg, T)
We have determined — €CR X LX

-
Bulk Lorentz factor



The Excluded parameter space for UHECR sources
determined by

Lyyecr = $ crLx

No Lypgecr < QuHECk

< 9 X 10**erg Mpc3yr?
Ecr = 10 PeV

Otherwise these sources would overproduce UHECRs!

local source number density

The line of Quyrcr
Yoshida & Murase PRD (2024)
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local source number density

The Excluded parameter space for UHECR sources
determined by

LUHECR — f CRLX
No Lypgecr < QuHECk
< 9 X 10%*erg Mpc3 yr?
Ecr = 10 PeV

Otherwise these sources would overproduce UHECRs!

The line of Quyrcr
Yoshida & Murase PRD (2024)
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Needs to search for X-ray counterparts many times!
Then you encounter neayby emitters

— 46 -1
— X . .
LX 10_% 10 erg S X-ray luminosity = 5.000e+46 [erg/s] Bulk Lorentz Factor 5.0 / The EUCIIdean geometrlcal fIUX

— 1 percentile flux

10 percentile flux
— average gemetrical flux

The higher 1 percentile flux
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