Bnnadume nocCT-
PEKOMOUHALIMOHHOW aKKpeLunn
Ha cnudaHua N4 s Bl TM

KoHoBanoB A. A.*

[MocTHoB K. A. **

[ocynapCTBEHHbIN aCTPOHOMUYECKUIA
MHCTUTYT nM. IN.K.LLITepHOepra

*konovalov.aa22@physics.msu.ru
arXiv: 2607.06737 **kpostnov@gmail.com



mailto:konovalov.aa22@physics.msu.ru

9Noxum akKpeummn n CMaHnm

41+ bopMMpoBaHme CNNAHUSA CAnsHUA
(HayanbHO ABOWHbIE) (HayanbHO OAUHOYHbDIE)
Akkpeuus: HeaheKTNBHas achchbekTUBHAS HeathdeKTBHas
>
KpacHoe << Bpems
cMmeuleHune
pekomMbunHauns hopmmpoBaHme

BIr' TM** ranaktuk

z_i~1100 z_cut-off ={7,10, 15}

*nepBUYHbIe YEPHbIE Ablpbl, ¥* BUpMann3oBaHble rano TEMHON MaTepumn




Mooenu akkpeumn

Mopgenb Bougu-Xoinna-Jiurrnrona (BHL)

YuntbiBaeT Kocmosioruyeckme hakTopbl:
KOHeYHble pa3Mepbl pe3epByapa rasa
(Xab6n10BCKUIN FTOPU3OHT), KOMATOHOBCKOE
TOPMOXXEHMNE O MUKPOBOTHOBbIN hOH

MonpaeBka K KlacCnu4eckoi mogenu:
A(M, z) - KoahdbrUmneHT

[MpuBOAUT K BypHOIA akKpeLmmn

dMpmnr,

T = 47rlp3rf§veff

Mogpenb Mapk-Puxkottn (PR)

YunTbiBaeT NoKasibHble haKTopbI:
paguaumMoHHas obpaTHas CBA3b

MonpaBka K KNlacCMYeckon Moaenu:
c™in_.s=25c_s

[MpBOANT K NOAABNEHHOMN aKKpeLumn

dMPR 111 111 ln
— = Anpy'ry(vag) Vi,




TpaHcdopMaumna napHon pyHKLUMMU Macc

M = m1 + mgo

-CyMMa Macc
_ __mamp
d (m14+mz2)?

-CMMMETPUNYHOE
COOTHOLUEeHNE Macc

OOHapy>keHHble achdhekTbl
(coBurv Boonb ocein):

® CYMMapHOW MaccChbl
(bonee Taxenble
CUCTEMBbI)

® CUMMETPUYHOTO
COOTHOLLIEHMSA MaCC
(accumeTpuyHble

countour lines: My(M)ny(n)

NG e
-3‘ ,,,,,, \i\) \\\\\ ‘
10 N N ) |
N
10 \\\\\f
N
N | e W
10-9, \
107"+

102 10° 102 10* 108 108
M [Mo]

countourv/ines‘: MWSM)an(U) ' '
< RN
N

T

4
7,
\

107}

! ' 5 "
e e o A A,
1 L . )

1079+

1072 10° 102 10* 10°
M [Mo]

Figure 2. Reshaping of the binary mass function ¢ (M) (n) at fixed (M); = 20 Mg and v = 1 due
to post-recombination accretion. The left and right panels correspond to the BHL and PR accretion

models, respectively.
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Figure 4. The gain coefficient £ — 1 of the merger rate of binary PBHs as a function of the initial

distribution parameters (M);, and . Rows correspond to the two-body (top) and three-body (bottom)
channels, while columns represent the BHL (left) and PR (right) accretion models.



Pe3ynbTaThl

PocTt TemnoB ciivsHnii R (U cBSI3aHHbIX BEIMYMH) C yBenuyeHune cpegHein maccol {MO) 1
YMeHbLUEHUe KOCTPOTbI» Y HaYaNlbHOro CNeKTpa Macc, a Takxxe npu no3gHem zcut-off
3aBepLUEHMM akKKpeL M. 3HaumTeNnbHasa 64/1blias 3HAYUMMOCTDb NPeLLIECTBYOLLEN
aKKpeLuun ana TpEx-, Hexxenu AByxX4acTMYHOro KaHana.

[MonyyeHbl orpaHndenmnsa Ha gonto MY/ B TM fi Ha MOMeEHT pekoMbuHaumu.

[MokazaHa TpaHchopmauns npoduraen CNMSHNA: caBUAT B 001aCTb TAXKebIX Macc,
pacniouieHmne No COOTHOLLEHNAM Macc.

[MokazaHo, YTo moaenb akkpeunn BHL gonyctrma TonbKo npu aKCTpeMasibHO HU3KOA
HavanbHol gone MY/ B TM fi unu npm goctatoyHo paHHem zcut-off okoHuaHum
aKKpeuuu.

OueHeHo oXkngaemoe 4Yncno cobbiTuiA B rog ans dyayLiero kocmmyeckoro B
nHtepcdepomeTpa TianQin. MNokasaHa NpUHUMNMaNbHas BO3MOXXHOCTb (Moaenb BHL)
perncTpaumnm cobbiTnin B N03gHEM TPEXYACTUYHOM KaHare.

HeobxoammocTb y4éTa akkpeumoHHoro Habopa macc MY B no3gHnx KaHanax.




Oona N4 B TM

The evolution of the mean mass over the distribution is directly coupled to the evolution
of the PBH (initially unassociated) mass fraction in DM, which can be defined as follows:
(M)
. QpBH _ MpgH i + Macc » _ fi (M), (3.5)
° Oomz  MoMmit Maccs 14 fi (% _ 1) ‘

(M);

where Mppy ; and Mpy ; are the total masses of PBHs and DM at the recombination epoch,
respectively, and M. , is the accumulated accretion mass of PBHs due to post-recombination
accretion up to the redshift z. Furthermore, factors of (1 4 z) cancel out in this expression
because both the PBH number density (inverse volume) and the matter density contain the
same scale factor dependence (1 + 2)3.

An upper limit on the possible binary PBH merger rate formed through the late two- nad
three-body channel is set at the LVK level. Based on this constraint, a bound on the initial
PBH mass fraction in DM f; can be derived for the investigated range of initial parameters.
For this purpose, the equation

R(fi,z=1.5) = Riyk ~ 10> Gpc 3 yr™! (4.10)
is solved, where the merger rate corresponds to that of the three-body channel. This choice
is justified because the rate of the two-body channel, as demonstrated above, is significantly
lower and would consequently yield a less stringent constraint.
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Figure 3. Enhancement of the initial PBHs fraction in DM % due to post-recombination accretion

as a function of the initial distribution parameters (M);, and 'yl. The left and right panels correspond
to the BHL and PR accretion models, respectively.
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Figure 7. Constraints on the initial PBHs fraction in DM f; from the LVK merger rate limits as a
function of the initial distribution parameters (M);, 7. The left and right panels correspond to the
BHL and PR accretion models, respectively.
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onda TianQin

The signal-to-noise ratio threshold is set at SNRget = 10, corresponding to a confi-
dent event detection. Consequently, this yields an implicit equation defining the surface
SNRget = SNR(21im, m1, m2), which can be solved numerically to obtain the dependence
Zlim = Zlim(mh m2)~

To estimate the event rate per year, the merger rate must be integrated over the comoving
volume assuming isotropic distribution of sources across all sky directions, with the radial
integration limit bounded by zj;, to ensure a signal-to-noise ratio above SNRgps:

. Zlim (M1, M2) dRr(m1,ma, z) A D? (2)
N= dD dmy d — L
/0 i(z) // O T G dma 1+2

(5.5)

where the factor of (1 + z)~! accounts for the cosmological time dilation between the source
rest frame and the detector frame.
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Figure 8. The predicted annual merger rate N of binary PBHs as a function of the initial distribution
parameters (M);, and 7. Rows correspond to the two-body (top) and three-body (bottom) channels,
while columns represent the BHL (left) and PR (right) accretion models with fixed values f; = 1076
and 1073, respectively.
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Figure 9. The predicted annual profiles for late three-body channel at fixed (M); = 20 Mg and v = 1.
Rows correspond to the functions of total mass M (top) and symmetric mass ratio n (bottom), while
columns represent the BHL (left) and PR (right) accretion models with fixed values f; = 1075 and
1073, respectively.



