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uPrimordial Black Holes (PBHs)

1.Primordial Black Holes (PBHs)

Ø PBHs were formed after inflation.

Ø PBHs are one of the candidates for Dark Matters (DMs).

Ø PBHs lose the energy as neutrinos emission by Hawking radiation [1].

Primary component : Direct emission as Hawking radiation
+

Secondary component : Decay of leptons and hadrons

ØNeutrino can search PBH evaporation and PBH fraction as DMs (𝑓!"#)[2].

ØThe PBH neutrino emission rate is 
calculated for sum of Primary and 
Secondary Component[3].

ØThe PBH neutrino flux is calculated 
separately for Extragalactic (EG) and 
Galactic (Gal).
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ØIn this study, we calculated the PBH 
fraction as DMs and we will show this 
result.

uPBH Neutrino Flux
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PBH neutrino flux depends on 𝒇𝑷𝑩𝑯 .

2.KamLAND Detector and �̅�! Selection[4]

uKamLAND Detector

Ø KamLAND uses an 1kton ultra-
pure liquid scintillator (LS).

Ø KamLAND detects �̅�$ via the 
inverse beta decay (IBD) using 
delayed coincidence (DC) 
method.

IBD reaction : �̅�$ + 𝑝 → 𝑛 + 𝑒%

Ø KamLAND has many advantages.

• Low energy threshold : E! ≥ 1.8 MeV
•High energy resolution : 6.4% / 𝐸(MeV)
• Long data taking period : 4528.5 days (2002/3 ∼ 2020/4)
• Low backgrounds : DC method

u�̅�! selection

•Energy range : 7.5 − 30 MeV
•The fiducial radius : 550 cm
•The inner-balloon cut 
•21DC pairs

3.Analysis and Result
uAnalysis
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• 𝜈< : PBH neutrino flux
• 𝑢< : KamLAND upper limit data (90% CL)

üWe compute the 90% CL (𝜒" = 2.71) limits on 𝑓#$%.

[5]

ØWe calculate the 𝜒&[3] with the 
published KamLAND data[4].

Ø𝜒& depends on PBH fraction. 
← PBH neutrino flux depends on PBH fraction.

uResult

ØWe found the 
improvement of PBH limits 
for 𝑀!"# = (4 – 7)×10$% g. 

4.Summary and Prospect

ØPBHs were formed after inflation and 
PBH mass (𝑀!"#) depends on collapse 
time.

ØPBHs lose the energy by Hawking radiation.

ØPBHs may play a role as one of the DMs.

ØWe prove that PBHs are not DM for 
𝑀!"# = 5 − 7 ×10'(g.

uSummary

• We are calculating the restrictions on PBH 
fraction with shape and rate analysis of the 
KamLAND data.

uProspect

• We will consider evaporated PBHs (𝑀!"# < 8×10$& g).

DC method

Ø This result shows that 
PBHs are not DM for 
𝑀!"# = 5 − 7 ×10$%g.

We cannot show the result …
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