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Little Red Dots(LRDs) z

Matthee+2024 Discovered by JWST(2023)

Features of LRDs: 2
| - Red and compact objects(R < 100 pc)

GOIL)L"E'-.‘:‘-le:lJ JI148-7111 : ) 7 Z 4, ®(Z ~ 4) ~ 1()_45 CMPC_3
' (e.g., High-z gal. @(z ~ 4) ~ 1072% cMpc~)

- LRD candidates: a few x 102
| - Almost no detection in radio/X-ray
|+ Line width: 6, ~ 1000 km s~ -> AGN like?|

GOODS-N-144109

Lg, =~ 10%% erg s71-> My, ~ 10'M 7

M
Lpg ~ 1.3 x10% ( BH> erg s~ !
Mo
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Little Red Dots(LRDs)

Almost no detection in radio and X-ray bands.
If LRDs host accreting SMBHs,
one might expect detectable X-ray emission.
-> Something covers and obscures X-ray ?

-> BH + Envelope (Kido+2025)
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BH + Envelope model 4
thtle Red Dots SMBHS embedded |n dense enveloes

KldO et al. 2025

Super-Eddington accretion + Free-fall
1/4

L
ron = 2x 10 cm, T =< ~ 7000 K
4rospry,

Assumption:
- Spherical mass accretion from ISM
- Hydrostatic

The envelope is supported by
gas and radiation pressures. . —

—— T =4000K, Ay=0, Lgg =6.60 x 10%%ergs™!
— T =5000K, Ay=1, Lgg =6.82 x 10*%ergs?
e T =7000K, Ay =3, Lgg =7.43 x 10%*ergs?
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BH + Envelope model

| COplOllS photons & partloles around BH
- If non-thermal particles are generated

inside this envelope,

| they will Interact with photons and
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Why neutrinos from LRDs? :

LRDs are high-z objects Red solid line: Required number density and
-> Detecting neutrinos is difficult neutrino luminosity to explain the diffuse neutrino background.
o 10° 45 3
z=5—- D ~50 Gpc = 1.5x 10% cm, é 107 p(z=35) ~ 107" cMpc
— 106
L, ~0.01Lgy ~ 10% erg s~! = X — foo1€,L
;dd ::> 105 Q ﬁ)ol p—Edd
SV _
-> F = . l”)z ~35%x 107" erg cm™? 57! > 104 ~ 10* erg s lﬁool,—lep,—l
7 5 103 Lo 3o A
-> Detecting neutrinos with current S 102 ‘ \\\
neutrino detectors is very challenging. ?) 10 RGN
8 101
= = - D
- LRDs: High luminosity & 3 10°
: > 1071
Large number density 2 o
Q | Ce, e SN
_ ' + _ . |RK+2026 DTN
> They may contribute to the || 5 1038558 o srpserggmrosioRionnoe

diffuse neutrino background. Effective Neutrino Luminosity L, e [erg s™1]
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Neutrino emission environment

My % My, = 105550, L % Lygy T = 20, 6 = 10 **We consider a as a particle
acceleration site.
ron = 1.5 X 10" em L3 T2 0 - Formation scenario
O Accreting gases have some angular momentum.
Enve'j?yJ -> A funnel is formed due to the angular
" momentum barrier.

Funnel interior iIs dilute.

. - What is the target photon field ?

Disk(CDAF)

RK+2026

We need to estimate the temperature of the surrounding disks
at the jet dissipation region.
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Efficiency of py interactions :

Mgy % Moy, = 10°7°°M, L % Lggq, I'; = 2.0, 6= 1.0 To estimate the temperature,
r =~ 15% 101 em LIAT 2 we assume the force balance.
o At the Jet dissipation region, Fq ~ Fy,,
Envelj;i/J
3 S T4 ~ BH
. i 3 r

N 5 1 1/4 1/4
> T(rgis) = 1.7 X 10° K 7501 6Mpy 6 sMen 6.5

Then, the optical depth of the py interactions is

Disk(CDAF)

RK+2026

Non-thermal particles within the funnel produce neutrinos
through photomeson production (p + y — p + z) before escape!
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Spectrum Calculation: Timescales -

Code: AMES(Astrophysical Multi-messenger Emission Simulator)

B. T. Zhang&Murase 2023, Wel Yu-Jia+2025

Basic Equation: Kinetic Equation

E
an n n flEp,inj ~ If'lOE_2 exp (— P )
Ep e Ep a Ep N EP a p—gen ’ EP,CUt
=y ——+ e | —— +— (nEp )

p,in] p L el
ot fese  OE, \ 1, o0l t,, Ot =N el J g, wEdEy €, = 0.1
Injection Escape Cooling Secondary Injection
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Spectrum Calculation: Timescales

Code: AMES(Astrophysical Multi-messenger Emission Simulator)

B. T. Zhang&Murase 2023, Weli Yu-Jia+2025

Basic Equation: Kinetic Equation

E
an " n ﬁEp,inj ~ r'LOE—Z exp <_ p )
Ep . Ep a Ep Ep a p gen : Ep,cut
=Np — + Ng | — + — (n )
ot pin

P L L.
tesc aE p cool tpy ot 71’ = Ep—V] JnE iniEpdE,, €, =0.1
Injection Escape Cooling Secondary Injection

One-zone & Steady-state approximations

The photon field is dense (r > 1).

-> COOllng IS dominant rather than escape

| ‘Cooling processes:
Photomeson production: p+y - p+x

Bethe-HeitIer process:p+y—>p+e’+ .
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Spectrum Calculation: Timescales

Code: AMES(Astrophysical Multi-messenger Emission Simulator)

Basic Equation: Kinetic Equation

ong ng %, L np . 9
- =i T — + N, | —-—2 4+ — (np gen)
ot S A dEp lhcool Loy ot L,
. - —_— T 14
Injection Escape Cooling Secondary Injection

. o =2 _
g o~ nok, “exp <

E iniEpdE,,

€, = 0.1

B. T. Zhang&Murase 2023, Weli Yu-Jia+2025

EP
Ep,cut

One-zone & Steady-state approximations Shortloo t:‘l
The photon field Is dense (r > 1). _ i,??
> COOllng IS dominant rather than escape j';lo_l l;na:_l
1 I Coollng processes R L
Photomeson production: p+r—-p+nx |
Bethe Heltler process: p+y — p+ e+ +e - | Lon glo B 190 ENEEEEAN
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Spectrum Calculation: Spectra

12

Code: AMES (Astrophysical Multi-messenger Emission Simulator)

Basic Equation: Kinetic Equation

B. T. Zhang&Murase 2023, Weli Yu-Jia+2025

The photon field is dense (r > 1).

:1042

-> COOlIng IS dominant rather than 1 escape n
‘ - Coollng processes I S 1
'Photomeson production: p+y - p+=x -
ﬁ 1040

Bethe-HeitIer process:p+y—p+e+ .

| === Proton injection

One-zone & Steady-state approximations 1043

éL —€L~1043ergs €, 1L 446

'Proton injection

= Neutrino

)
on,, ny. 3 r 1y, P iy A T, 2 exp (— Ep,]: m)
azp ~ B T -t OE \ ¢ —Ny, ) - f "t ot (np “N L
esc p p,cool pY 7”:% JnE inE,dE,, €,=0.1
Injection Escape Cooling Secondary Injection
| Spectra

E ~ 0.1 PeV ‘

U, max
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LRD number densities

To evaluate the contribution to the diffuse neutrino background,

we need to consider the

( 3 models l

(aho__—.; Comoving LRD number densities for the various models

Observation (1) Lognormal model inayoshi 2025

Theory (ii) Spin model I

i) Power-law model )

* Neutrino luminosity
- LRD population
->

Pacucci&lLoeb 2025
ﬁl'_)—l 10_4
' p(z=5)~107* cMpc™ -

13

| == | ognormal model
| === Spin model

Power-law model

RK+2026

Redshift z
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Contribution to the diffuse neutrinos (1)-

Thick: e, = 0.1, Thin: e,=0.5

MBH — Menv — 106.5M®

RK+2026
— | 0ognormal model - lceCube MESE
6 == == = Spin model =4  IceCube CF

10 = = == Power-law model

10~/

10-8

RK+2026
-9 | -
10~ 102

E, [GeV]

LRD populations: Spln or PL. => Contribute 20~30% of diffuse neutrlnos
LRD populations: Lognormal => Contribute 10%.
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Contribution to the diffuse neutrinos (2):

Thick: e, = 0.1, Thin: e,=0.5

MBH — Menv — 106M®

— | ognormal model - lceCube MESE
== == = Spin model HH lceCube CF
= w == Power-law model

RK+2026

-
9
o

-
o
3

-
9
(0]

all
V

2
v

E

4 N X
1 /', : \\
] / ¢ \\
s A .
/
] /, . 1
\ .
] // \
A \ 2
/ \
A \ 2
RK 2026 / '
+ A \ k

102 103 104 10° 10° 10’

=
O
@

If | RD populatlons are Spln or PL |
-} mcdels LRD can contribute around
o o W '10% of the diffuse neutrinos. |
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Observational Test
d@Multlplet signals|.. . .

108 =
. . A “ \ == |ceCube Line
107+ \ % \ = = Multiplet Limits (IceCube)
| LL'.AGN N " ... Multiplet Limits (IceCube-Gen2)

*<-I\/|ult|plet limits lceCube

LRD

I
[

=
o O

ffective Source Density &,nEf [Gpc3]
=
4 <

5 1070361 371 381 63916401641 16216 16%16%5109°107 1042

Effective Neutrino Luminosity L, < [erg s™!]

- Radio-quiet AGN -> Same energy range as LRDs

Murase+2020
ceCube-GenZ can detect multiplet S|gna?s for

RQAGN, but not for LRDs!
=>
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Effective Neu
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trino Luminosity L, o [erg s™!]

- Radio-quiet AGN ->

RQAGN, but not for
=>

Same energy range as LRDs
Murase+2020

- lceCube-GenZ can detect multiplet S|gna?s for

RDs!

Observational Test

@Neutrino flavor composition
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Muon Timescales at rgis =1.0e + 16 cm
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Dense photon field -> Efficient IC cooling

E E cr1t (U
E,ZE v,crit* Ly,

i V)g=(1:1:1)
V) =(1:18:1.8)

Neutrino flavor composition will
change depending on energy.
=> Implying LRD contributions!
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Conclusions

Based on the BH+EnveIope model

N/
%?

o» We consider the funnel as a particle- acceleratlon and dlssuoatlon Site.
-> Non-thermal particles interact with the photons provided by the
surrounding disks and produce high-energy neutrinos!

o Little red dots, compact and red galaxies at high-z, are reported by JWST.
-> SMBH embedded by the envelope was proposed as the orlgln of LRDS
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Contribution to the diffuse neutrinos:

If LRD populations are Spin _or

RK+2026, Phys. Rev. D 113 033048
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Thank you for listening!!



