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PBH is the hypothetical black hole formed in the early 
universe. 
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PBH emits particles due to the Hawking evaporation. 
It emits particles with masses lighter than its 
temperature

Hawking Radiation
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emits  
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Master mode and memory modes
The information of a system is proposed to be stored in 
the quantum state, which is composed by   “memory 
mode”
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Gia Dvali
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Master mode and memory modes
The Hamiltonian is 

Energy gap for each memory mode
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Master mode and memory modes
The Hamiltonian is 
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Energy difference between different occupation number 
(or “memory pattern”) is  
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Master mode and memory modes
The Hamiltonian is 

Energy gap for each memory mode

Energy difference between different occupation number 
(or “memory pattern”) is  

If               or negligible , we can have a lot of 
degenerate states contributing to entropy  
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Master mode and memory modes
Instead, we introduce the “master mode” by adding 
attractive interaction 

Interaction strength
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Master mode and memory modes
Instead, we introduce the “master mode” by adding 
attractive interaction 

Interaction strength

with various value of 
are degenerate. The entropy
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Master mode and memory modes
The energy of         pattern is the local minimum. 
Changes in     requires a climb uphill the energy barrier 
and creates the resistance against the loss of the master 
mode.
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Master mode and memory modes
The energy of         pattern is the local minimum. 
Changes in     requires a climb uphill the energy barrier 
and creates the resistance against the loss of the master 
mode.

We assume PBH is initially at                    pattern,
as PBH evaporate,                   ,
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Memory burden of PBH
When free parameter     is large, the memory burden can 
be delayed until half-decay. 
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Memory burden of PBH
When free parameter     is large, the memory burden can 
be delayed until half-decay. 

Semi-classical phase

Memory burden phase
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Memory burden of PBH
The mass loss rate and the emission rate are suppressed 
by entropy factor 

duration of semi-classical phase

unsuppressed rate
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Memory burden of PBH
The mass loss rate and the emission rate are suppressed 
by entropy factor 

duration of semi-classical phase

unsuppressed rate

P. Y. Tseng, Y. M. Yeh, arxiv:2511.01848

The double peak spectrum is a feature due to burden effect

low energy 1st peak

high energy 2nd peak
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Graviton-Photon conversion
(Gertsenshtein effect)
Instead of studying the gamma-ray directly from PBH, 
we consider the photon converted from graviton. 
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Graviton-Photon conversion
(Gertsenshtein effect)
Instead of studying the gamma-ray directly from PBH, 
we consider the photon converted from graviton. 

energy-momentum tensor of EM field
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Graviton-Photon conversion
(Gertsenshtein effect)
Instead of studying the gamma-ray directly from PBH, 
we consider the photon converted from graviton. 

energy-momentum tensor of EM field

Cosmic filament magnetic field

V. Domcke, 
C. Garcia-Cely
arxiv: 2006.01161

Memory Burden Effect and PBH constraint - P. Y. Tseng,  Y. M. Yeh



26

Graviton-Photon conversion
The photon flux at red shift     is given by 

Memory Burden Effect and PBH constraint - P. Y. Tseng,  Y. M. Yeh



27

Graviton-Photon conversion
The photon flux at red shift     is given by 

P. Y. Tseng, Y. M. Yeh, arxiv:2511.01848

Memory Burden Effect and PBH constraint - P. Y. Tseng,  Y. M. Yeh



28

Graviton-Photon conversion
The photon flux at red shift     is given by 

P. Y. Tseng, Y. M. Yeh, arxiv:2511.01848

Memory Burden Effect and PBH constraint - P. Y. Tseng,  Y. M. Yeh

P. Y. Tseng, Y. M. Yeh, arxiv:2511.01848



29

Graviton-Photon conversion
The photon flux at red shift     is given by 

P. Y. Tseng, Y. M. Yeh, arxiv:2511.01848

Memory Burden Effect and PBH constraint - P. Y. Tseng,  Y. M. Yeh

P. Y. Tseng, Y. M. Yeh, arxiv:2511.01848

valley between region I and II
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Graviton-Photon conversion

P. Y. Tseng, Y. M. Yeh, arxiv:2511.01848
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Summary
•The MB opens a new mass window for PBH DM lighter 
than              . 

•The MB spectrum exhibit double peak feature.

•The MB photon spectra from         conversion provide a  
complimentary constraint on            for photon spectra 
directly from PBH.
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Backup
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Backup

NFW

Isothermal

By scanning over the coefficients of the effective potential B, C ,D, 
𝜆, the asymmetry parameter, 𝜂DM, the Yukawa coupling 𝑔𝜒, and 

the mass of dark fermion 𝑀𝑖, we select six benchmark points that 
lie on the best fit band of 511 keV line and calculate their gamma-
ray spectra.

lower mass, higher temperature, higher energy peak
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Backup
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