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什么是引力波记忆效应

自由运动粒子间距离的永久变化
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Linear memory
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Linear memory

+ O(a)



total energy carried by GW along a 

given direction per solid angle

Christodoulou

PRL 67, 1486 (1991)

Linear partNonlinear part

Non-linear memory
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Memory and soft theorem

memory = ‘linear part’ + ‘nonlinear part’

‘linear part’: changement of charge distribution (ejection of charge to spatial infinity)

‘nonlinear part’: charge flux at null infinity
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Linear memory        : 

Non-linear memory :
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EOBNR waveform model for GW memory

• GW memory mainly happens at merger for BBH

• PN approximation is not valid for merger stage

• We need a REAL waveform model for GW memory
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Cao, Han, CQG 33 (2016) 155011

Limited by NR accuracy; 

spin aligned equal mass cases



NR results on memory before 2021
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Einstein Toolkit SpEC
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Calculate GW memory accurately

X. Liu, X. He, and Z. Cao, Phys. Rev. D 103, 043005 (2021)

Balance relation at null infinity

Null infinity: mathematical 

word of radiation region

PN approximation → adiabatic approximation (otherwise exact)

Weak field + 

slow velocity
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引力波记忆效应恒等式

X. Liu, X. He, and Z. Cao, Phys. Rev. D 103, 043005 (2021)



NR results on memory after 2021
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Einstein Toolkit SpEC



Memory on detector

So, our previous GW memory calculation result is exact, no approximation is needed

Instead of measure the waveform, 

we concern the overall GW memory on the detector



The overall GW memory depends on parameters

Where             has been calculated by our previous EXACT calculation,

is determined by



Golden events for GW memory



Stochastic background of GW memory

Multiple successive GW 

memory events

behave as one dimensional Brownian motion 



SGWMB for BBH mergers

:

For Gauss type Brownian motion:

: variance of the Gauss distribution

: averaged time between two successive GW memory events





parameters are independent

and are independent

uniform distribution of

0

, and are determined by and only by event rates of BBH merger

Corresponding theoretical D:



Power spectrum of SGWMB



Detectability of SGWMB



Energy flux and GW memory
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GW memory from cosmic radiation
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GW memory from cosmic radiation
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From source frame 

to detector frame



Anisotropic cosmic radiation 
produce GW memory
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GW memory effect on FRW metric
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GW memory due to CMB
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(                             )



GW memory due to CnuB
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[MNRAS 519, 4841 (2023)]



GW memory due to SGWB
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Standard inflation theory predict: for above frequency  



GW memory due to SGWB
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CMB + BAO + BBN:



GW memory due to SGWB
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From CBC:

LIGO:

PTA:



GW memory due to SGWF
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From GW foreground of binary white dwarfs:



Summary

• GW memory is an outstanding character of GR

• Waveform model of GW memory has been constructed and 
detection is possible

• Overall GW memory has been estimated, and golden events 
have been shown

• SGWMB of BBH mergers is promising for LISA/Taiji/Tianqin

• GW memory of CnuB may be detected or be used to constraint 
mass of nu
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