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Little Red Dots(LRDs)
Matthee+2024

Features of LRDs: 
・Red and compact objects( ) 

・ 4,  
(e.g., High-z gal. ) 

・LRD candidates:  
・Almost no detection in radio/X-ray 
・Line width:  -> AGN like?

R ≲ 100 pc

z ≳ Φ(z ∼ 4) ≃ 10−4.5 cMpc−3

Φ(z ∼ 4) ≃ 10−2.5 cMpc−3

a few × 102

σv ≃ 1000 km s−1

-> ?LBol ≃ 1044−46 erg s−1 MBH ∼ 107M⊙

LEdd ≃ 1.3 × 1038 ( MBH

M⊙ ) erg s−1

Discovered by JWST(2023)
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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)



BH + Envelope model 4

Assumption: 
・Spherical mass accretion from ISM 
・Hydrostatic 

Kido+2025

Super-Eddington accretion + Free-fall

rph ≃ 2 × 1016 cm, Tph = ( LEdd

4πσSBr2
ph )

1/4

≃ 7000 K

Stars

Kido+2025

Thermal radiation 
from Envelope

The envelope is supported by  
gas and radiation pressures.

Little Red Dots: SMBHs embedded in dense envelopes
Kido et al. 2025

Matthee+2024
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Copious photons & particles around BH… 
If non-thermal particles are generated  

inside this envelope,  
they will interact with photons and 
particles and produce neutrinos.



Why neutrinos from LRDs? 6

LRDs are high-z objects  
-> Detecting neutrinos is difficult 

 
  

->   

-> Detecting neutrinos with current 
neutrino detectors is very challenging.

z = 5 → D ≃ 50 Gpc = 1.5 × 1029 cm,

Lν ≃ 0.01LEdd ≃ 1043 erg s−1

Fν =
Lν

4πD2
≃ 3.5 × 10−17 erg cm−2 s−1

・LRDs: High luminosity & 
Large number density  
-> They may contribute to the 
diffuse neutrino background.

Red solid line: Required number density and 
neutrino luminosity to explain the diffuse neutrino background.

 ρ(z = 5) ≃ 10−4.5 cMpc−3

Lνμ
≈

1
8

fbolϵpLEdd

≃ 1042 erg s−1fbol,−1ϵp,−1

RK+2026

LRD can contribute a non-
negligible fraction of the 

diffuse neutrino background! 
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Neutrino emission environment
＊We consider a funnel as a particle 

acceleration site. 
・Formation scenario 
Accreting gases have some angular momentum. 
-> A funnel is formed due to the angular 
momentum barrier.

7

RK+2026

・Neutrino emission process:
Funnel interior is dilute. 

-> Photomeson production ( )p + γ → p + π

・What is the target photon field？ 
Thermal radiation from the surrounding 

disks.

We need to estimate the temperature of the surrounding disks 
at the jet dissipation region.

rtr ≈ rdis ≃ 1016 cm

rph ≃ 1.5 × 1016 cm L1/2
44.6T

−2
eff,5000

, MBH ≈ Menv ≃ 106−6.5M⊙, Lj ≈ LEdd Γj ≃ 2.0, θ0 = 1.0
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Efficiency of pγ interactions 8

At the jet dissipation region,  

 

->  

Then, the optical depth of the  interactions is 

Frad ∼ Fgrav

1
3

aT4 ≈
GMBHρ

r
T(rdis) ≃ 1.7 × 105 K r−1

dis,16M1/4
BH,6.5M

1/4
env,6.5

pγ

τpγ ≈ n′￼γσpγrdisθj(rdis)

≃ 9.0 × 103r−5/2
dis,16M5/4

BH,6.5M
3/4
env,6.5(Γj /2)(θ0/1) ≫ 1

Non-thermal particles within the funnel produce neutrinos  
through photomeson production ( ) before escape!p + γ → p + π

RK+2026

To estimate the temperature,  
we assume the force balance.

rtr ≈ rdis ≃ 1016 cm

rph ≃ 1.5 × 1016 cm L1/2
44.6T

−2
eff,5000

, MBH ≈ Menv ≃ 106−6.5M⊙, Lj ≈ LEdd Γj ≃ 2.0, θ0 = 1.0

TeVPA2026@Yamagata, Tendo 2026, Sep. 3rd.



Spectrum Calculation: Timescales 9

Code: AMES(Astrophysical Multi-messenger Emission Simulator)
B. T. Zhang&Murase 2023, Wei Yu-Jia+2025

Basic Equation: Kinetic Equation
∂nEp

∂t
= ·nEp,inj

−
nEp

tesc
+

∂
∂Ep (

Ep

tp,cool
NEp) −

nEp

tpγ
+

∂
∂t (np−gen

Ep
)

Injection Escape Cooling Secondary Injection

·nEp,inj
≈ ·n0E−2

p exp (−
Ep

Ep,cut )
Lp

V
=

ϵpLj

V
= ∫ ·nEp,injEpdEp, ϵp = 0.1
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The photon field is dense ( ). 
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= ·nEp,inj

−
nEp

tesc
+

∂
∂Ep (

Ep

tp,cool
NEp) −

nEp

tpγ
+

∂
∂t (np−gen

Ep
)

Injection Escape Cooling Secondary Injection

·nEp,inj
≈ ·n0E−2

p exp (−
Ep

Ep,cut )
Lp

V
=

ϵpLj

V
= ∫ ·nEp,injEpdEp, ϵp = 0.1

Short

Long

tpγ

tBH

Acceleration time: tacc

Ep, max ∼ 2 PeV

Ep, max : tacc = tloss

Timescales
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Spectrum Calculation: Spectra 12

Code: AMES(Astrophysical Multi-messenger Emission Simulator)
B. T. Zhang&Murase 2023, Wei Yu-Jia+2025

The photon field is dense ( ). 

-> Cooling is dominant rather than escape
τpγ ≫ 1

Cooling processes: 
Photomeson production:  
Bethe-Heitler process: 

p + γ → p + π

p + γ → p + e+ + e−

Basic Equation: Kinetic Equation
∂nEp

∂t
= ·nEp,inj

−
nEp

tesc
+

∂
∂Ep (

Ep

tp,cool
NEp) −

nEp

tpγ
+

∂
∂t (np−gen

Ep
)

Injection Escape Cooling Secondary Injection

·nEp,inj
≈ ·n0E−2

p exp (−
Ep

Ep,cut )
Lp

V
=

ϵpLj

V
= ∫ ·nEp,injEpdEp, ϵp = 0.1

Proton injection

NeutrinoL′￼ν ∼ 5 × 1040 erg s−1

Eν, max ∼ 0.1 PeV

L′￼p = ϵpL′￼j ≃ 1043 erg s−1ϵp,−1Lj,44.6

Spectra
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One-zone & Steady-state approximations



(a) (b) (c)

LRD number densities 13

3 models

・Neutrino luminosity 
・LRD population 

-> We can evaluate the 
contribution to the  

diffuse neutrino background.

To evaluate the contribution to the diffuse neutrino background,  
we need to consider the LRD populations at each redshift.

(ii) Spin model
(i) Lognormal model

(iii) Power-law model
Pacucci&Loeb 2025

Inayoshi 2025

RK+2026

ρ(z = 5) ≃ 10−4.5 cMpc−3

Observation
Theory

Comparison
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Contribution to the diffuse neutrinos (1)14
MBH = Menv = 106.5M⊙ MBH = Menv = 106M⊙

RK+2026RK+2026

RK+2026 RK+2026

LRD populations: Spin or PL => Contribute 20~30% of diffuse neutrinos. 
LRD populations: Lognormal => Contribute 10％.

Thick: , Thin: ϵp = 0.1 ϵp = 0.5
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Contribution to the diffuse neutrinos (2)15
MBH = Menv = 106.5M⊙ MBH = Menv = 106M⊙

RK+2026RK+2026

RK+2026 RK+2026

No dust -> Mass estimate changes. 
 -> Low luminositiesMBH = Menv = 106M⊙

If LRD populations are Spin or PL 
models, LRD can contribute around 
10% of the diffuse neutrinos.

Thick: , Thin: ϵp = 0.1 ϵp = 0.5
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Observational Test 16

①Multiplet signals

・Radio-quiet AGN -> Same energy range as LRDs 
・IceCube-Gen2 can detect multiplet signals for 
RQAGN, but not for LRDs! 
=> Multiplet detection may distinguish 
the contribution to the diffuse neutrinos.

Multiplet limits IceCube 

Multiplet limits Gen2

e.g., Murase+2020

RK+2026
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RK+2026 ②Neutrino flavor composition

Eμ,crit ≃ 1015 eV → Eν,crit ∼ 3 × 1014 eV

tdec

tIC

:  
: 

Eν ≲ Eν,crit (νe : νμ : ντ)⊕ = (1 : 1 : 1)
Eν ≳ Eν,crit (νe : νμ : ντ)⊕ = (1 : 1.8 : 1.8)

Dense photon field -> Efficient IC cooling

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

e.g., Kashti&Waxman 2005, Kawanaka&Ioka 2015

Short

Long

 π± → μ± + νμ

μ± → νe + ν̄μ + e±
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Conclusions 18

Little red dots, compact and red galaxies at high-z, are reported by JWST. 
-> SMBH embedded by the envelope was proposed as the origin of LRDs.

Based on the BH+Envelope model, we discussed the neutrinos from LRDs.
We consider the funnel as a particle-acceleration and dissipation site. 
-> Non-thermal particles interact with the photons provided by the 
surrounding disks and produce high-energy neutrinos!

Contribution to the diffuse neutrinos:  
If LRD populations are Spin or Power-Law model, they can contribute 
~20-30% of the diffuse neutrinos

 

 

 

RK+2026
RK+2026 RK+2026
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Thank you for listening!!
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