M 3 b &
.

20184 £ 63% 5 28-29 . 2967 ~ 2973

@(Hﬂﬂ%) Jeiiil

SCIENCE CHINAPRESS

BN LA S B w) R

Fh R —
VAL B BTS2 BT, BRVE A BE Y AT S0 %, P2 710069
E-mail: ddscy@163.com

2018-03-31 Yit#, 2018-04-08 14 [H1, 2018-04-10 $25%, 2018-09-27 FIL& I & %2
[E R A 4R B 2234 (11405130) %% B

e AFHEND RN BFEERNENERRE. FWERRRT FHEHOEM, o5 R AR R A R EAT X
FH 7 HE AN, B, R K AR R B0 T B R A A e U AR HEAT BB, T DL B A A
BN o DURE. R AR RSN m A A EENTRNE. R E SRR A Z M, K
SR E BB KR L B LR B P R AT B R AL “Carr-Hawking” 35 45 A% AL AH X Xk 2 R Al B4 A
AA R B R RER G ETREXRFEANMNFHGARTE. R, AFNHEHTHERRAGERAERAE
AR E. AlERREEAT, FNEARANRENHERREX RS H. AXEENAAKBEEERIRED
RIBEA) B — e EAMA: B BRRNOYRAE. RUBRAGRE. PR EEAEEGE RENARENER
F 0TS LB A T N B R B B 4 R A R A R OR i R

XHtin RAEE, R GERRE RWERFE

T T FIE A SRR R M IR ) SRR U R
T8 W R AT B ML A 2 F. B an, A 3 S s
%) K e 38 %5 B e 3 T LA 88 4 A R A B Y, o R
HA A AR i B — 4 M s BE L B S 9% (cosmic
string)t T D38 45 R0 SRR M R — R AR
T AR PR A Y LA U 2 (] ) A T DA P A A S
TS0 R, W R SRR, RATA] LA A
g AL A I R E AR T, T R
We/NRUEE R4 3l, a2 7E dF A A1 RETE Bl 2B
T, k19 B Bz sh BT, PRt s a2 i
e INROBEHIE 8l 11 B ME— TR R . 586, R AE
SR AT DUIE R /N 2 B e A ) 2R
HAMREWE SRR, BT LU B 058 &
SERET R B R,

T HL 5 ) 28 3 S — B R AR (1 V2 15 4 T (cold
dark matter, CDM)). Z4F5 | 9 i I 25 S % A

Je, A SCEINA AR B 1S 5 1 K BRI AR v]
R R T 5 40 o v A i) 2 10 AR R IA T
A LI 3 I A PRI B A AR, (R I AN M L X
Ji ) PRI = TE R . A A, XX D BT A A
5R R HeAn, B A — 5k B PR X —
i8] R SR O X ) 1R 1) A B 8 BRI R ) P IR
HEESFH BRI )RS T BRI
B<107~107°. 41, 8% AR FAK P2 AR T ) Y
JEE P B 1, R B G R R B e A R A SR
DAL Ik, OR300 e D Aoy S 3R] iy R i) b 2 v R ] T i A
ELJ[B]-

JE A B HLAT A AR ST L, A ORI T Y
R AR Z, 28R 3 3 0L SR [14~19]. A0
O a0t R, X R I 9 B B0 35 48 TV B ) D ) P T
PERRTEL A28 K 20 T80 A 28 D) B ) ) i AR A8
SOE A B, B R A A ), Rk

SIARER: M —. JEIA B 5 A B . A4, 2018, 63: 2967-2973

Sun C Y. Primordial density perturbation and primordial black holes (in Chinese). Chin Sci Bull, 2018, 63: 2967-2973, doi:

10.1360/N972018-00314

©2018 (PRI ) Ikt

www.scichina.com  csb.scichina.com




4 % b & 20184108 £63% 28208

B G SR SRR S e R B A ATHE.

1 ) SRR A A &

e b, A 2 B B AR ] BETE R A AR
N, S S I AU A DA R R S RE M B A A R
G T B8 350 45 A ) I Y, LA A T A Y
— YA MR, BT BT AR 4 R R,
O — UM AR S o v 7 A A R 9 T G I
AT B A T R OIS e |, 3 e L ] # A2
FUAR 0 B R, 75 2L TR B A 2 B S L A
PF. AER, J AL A IR %A 200 R Y A A
P, AR 3OS SR8 3 T 55— FhHL R IF e,

1.1 B BRI AR
TEFH ], AR — U Rk i X S BA R
) DA SE IR R D 0 B i, IR0 XS AE 2 ARG )
PS5 5 25 B 24 0 i W — 1 D) SR AR A SCER 3],
— R4 N R DX I8 RE 2 353 46 1l SR 1) 25
o <o <1,
XL SY =6, (t,) F2 X I RTE 1 21 0E A TR 1472
EEWEE. 8,¢) & X
0, =f§(x,t)WR (x)d3x, (D)
Horp w0 WE CREG 00nn =[p(x,0)/ p)] N T H:
PRIRE R BEIRBIEL, p(x,1) F p(r) 4390 0 BE 2
T RRe % A, Ry TP o B T
(separate universe). J5k, #F—LRIHISERM, BIE
o >1, WARSTHM BT, Hit bR 1T
T DX R BEAS IR 4 SRR ) A5
o <o <1, )
WS B SRR X8 1 AR5 1) 21 A2 250K T Jeans 2
1, B X e 5], B4 8. =w(w=p/p
NEFBEOC. ABUEBBINGEREN, 65w
DL KSR 4 XS R B . X PR (w=1/3), 1K
WA A EL, 5 =0.45~0.66 "2 STk 23100 44
TN R AR BT 4

o. =sin’ (ﬂ} 3)
HHEE S, =w, G RABUE S A5 515 4T

1.2 PR R o
JE 4] B TR ) R SO B B R g B R .

2968

SR PR MERBROS PRI Aa A, R “Carr-Hawking” 35
2 B8 2 X8R R T B S ) BRI S5 R M, 3
I

ct

3 t
dengzwfﬁ%% “4)

BCHL M, S RIEA LS L
M, =T 1)), 5)

X H@) NWEEHSEG 1, R AR B 2GR H
W W FRE R ik 21, R 20
a(tR)H(tR)szER_I, (6)

Hodra(@) 5 R, SCHR[L]1E A5 815X — 25
S SCHER 218 WA R ) B B S AT LS 3T | T a
5. 'W, AR R R — B AL, TR e
AR I 32 I R 23 B G T R RN T ] 2P
e 2R IR 3 10 M Cha 5 3 S5 45 SR 1 0 o i) 1Y
YL, (HJE UL XTI 28 A R AR B A BRI, PRIk
TEARK — Bt 1Al Y, 5 A0) SR 3R 4 0 S AN AT BB A7 7E B8
BB AR A B Sk (313 L TR AN R R
B A o 5 2 ] 20 498 R BRoxs o R T
fite, PR ) R Y B i AN 2 B 3 R, BESS Y
W78 i — A B ax — 45 24200,

1E iR f)“Carr-Hawking” jS SR 4a B AU rp | JF 4] 22
] 19 3 o 30 L A5 T R T B B A A B . (RS
K, ZABE I R 45 R R AR TE — Fhlis 508 4
(critical collapse)P 42630 Rl ) BT () i i 5 o
ZIAFAEA R R R

M,, =KM, (61 -6.), ™

FEAR KL y g W80 3k —RRLBERR Sy “Ilfs 5350 S 2.
TEMCAETY R B4 o b AN P DL 5 TR B B,
Je— MK 6 1Y BRI

1.3 B R JE e ]

HEIA, AR R SRR Q2), X R K AEHEA
W LA S AR DS 40 B R . P, R B R X
JEAT) B T R T) . BRI b, ot AT DABUT R (E, D
TEAT R 2, #AFE % B2 P sh i A 0e 2 0 5 i 458 4
BRI A T B, (ER, S IO S L A
PR AT ~I Mpe™ B9 REE b, % B 46 3 19 IR R
=107 PP 5@ i (13) X, Bl o, =107 LA 8. = 0.3,



FATAR S T e B L 14 J5L 40 PR3] = 32 /I 21 W] LA 22 Wi
ANTE. PR, 3 AR AR T BT SR A UL R
JE B S BRI . FRATTIRCL Mpe T I
SOOI A R /N, R AR BARIE 2 801 % XK it
A AL G B FAT AR T i v A A R
Py, XRS5 8] T ik 4

l+z, =H)' \[1+z, ~107, (8)
For z,,, A5 5 o3 45 W TR o3 AT A IR A 5 SR AL
¥ . P, 38 A O IR 2 7 e G 5 g
(z>z, A A ATBEIE LAY,

L4 BRI an

A7) R (1 7 i 0 Ay HE ek 4 A 2R g
I 5 B e fe U

3
M
(M, )= - A =10" [ﬁj Gyr. )

Jite My, ~10°g B 9] 800 H T IEE %, W
H 3K 2K A SR 14 A B K 52 380 4 S 2 UL A 3
BRI 4. B Y S R 4 R R S, RIBMER S
RO 33 2% PR A AR 5 R A 500 2B ] 28
KI5 T AR E W BB R, W] LU BLTE B9 ) o o
£ B A ok 286 A BT, S A A E R AR
SE R JX A BRI 27 A G | 1 SRR, I RARZ
RICELG ™ H 2w, AT AT LML b %ok Hofin LA BR
il A7 RIX 5 T B RITSE T TR WL SCHR[14,15,19].

2 PR R R

F AT K T BT A i R TR s R B 2l B 4 LR o
5 A0 PRI O i (B AN [+ o 9% D40 PR ) o B )
T3 T . BB FE A Bl i JL 38 43 A o v 3 43 A
XK, e, XERRAYT- % BB L 6, () &b T
X [ (8,0, +dR) HIJLR N

2

1 0
- R dé,, (10
zwm“"{ 20;(,)} o 1O

BCHL M, =4 (aR)’ () /3 1) 2 DR X R 9 -
Filit: o2 JE¥77 2 (it )7 2%)

P(M,,1)dé, =

0§U)=J7%(k¢)wﬂ(kR)%§, (11)

Forp Py (ke r) B FEPL SN DRI, W2 (kR) 2T 11 PR L
W (o) B {81 L 72 £

2.1 JfEsdE
e t, B2, X IRIE 5 AT 2 1 A Lk B8

B, =2[P(Myt,)d6,. (12)
5

R, ERH BRIy RS, 5288 sh
SIAPFER ZH AL 5, > 0, XA
ﬁ[“]

ABNNE
= - . 13
o e S

K (D XY op () & A B R K TRV
DX 48 1Y) ARG N, T DL AE “Carr-Hawking” 35 4 #5584 o |
LR TE BT A T G My ) SR SR Y S LR (M
s LS. R, FERESHEIRTR, BREE
My 3G 0GR /)N, BRI B O L Ay 2 o
M, = M, 1} )54 SR 5400 46 - B

TEIG IR AR, X RIE AL 7] BETE B
4 Ji 4] SR AT ) Jo e AN P e — N E A, T —
WA Sri R A ARG BB M, = M, SR Y LA
e KW ABSEN R B T My, =~ M, (S5 4) SR (1
WG F A PR —MRArry i L. mH, BPETR AR
F“Carr-Hawking Y5 4 175, 3R A1] o 75 22 06 oA %) )i
W1 LAR B, DU A MRS RS B 25 3 WL
D&

2.2 LSS

M2 3 “Press-Schechter” ] 77 B 59431 S5 345 3¢
JEAT) ST R ) A2, FRATTE AN TR A4y 10444

F(Mg,t)= TP(MR,t)daR, (14)
Oc

F(Mg,t) 2Bl 21, Frf 35 sei it di ot M, (R4
1R I HAF 5 s R T S, 9 IX 48k o5 8 2 [l fy
MBI N, M%), PSR E KT 8 HAy
JR AT K] (M, M, +dM, ) (9 X3 15 G151
< oF
f(MR,d..)=—aMR-

E—2, RATHA 20 et 20, V3% sh b T
X [A] (8,8, +d8,) I H 5 5 Bt 5 4b T IX 8] (Mg, Mg+
M) (HI 72 4 T X6 (R, R+dR) 1) 16 I8k 1 45 %

j‘j [40,44,45]

(15)

2969



a4 3 b %

2018 10 A % 63% % 28-29#
n(My,6,)dM dé,

2 p(1) |90, (6, &
x M[az 1]‘”“’{ 20;} (16
Xl SR A T 4 0 67 = 5, T

T Mo,
LR TE R . R, o2 5 AL T X ] (Mg,
M py+dM ) 1) BB B0 By

nBH (MBH)dMBH

7 M, 95, M, 35, |

= M, o | R R R R_1doY, 17
!”( " R”&wm,aéf as? am,, | 7

TR, I 22T B Rl a2, J13E i) 2
TE U Z]. — A R AT ARG, A TG
PR It e 28 R (17) 2L PR T35 ) 2 A ok
A B G 23 I8 W 8 (B Ak T ] (M, Mg+
dM ) 9 DX I ¢ 6 220 0 50058 6 T8 B 0 ¢ 1) 221y
FEFAGE R (RPHE S 3 S I 01T ) B s 221

[t AL T XA (Mg, Mpr+dMigy) B9 J5) 284 1 1
N 22 1) B 2t 5 B A np (M) M prdM gy W0 RAR B A
TR WS HARFE B RS, R4 5 ) A H T
fE L 1 L Ry 1!

1 (a i
QPBH _p_[(;j '([MBHn(MBH)dMBH’ (18)
Horp p JEBUAE A9 I 5L RE 5 % ¥ (critical density), a,
1 ay B2 L 60 R T

A0 2R 7% 5 R 1Y) BB 4 R A RO, IR 4 W) Bk B

A M 1) IR A 2B 220 4 S () 22 ) (1 56 3 SR )

My, = (m +3ar')”, (19)
Horh ot 55 2RI Fir e 58 SR 19 B Hl BE A G Y AL
FR 5 3 W SCHR [45). 7E ¢ B 20, J i Ak T X ]
(m, m+dm) B4 JF40) S A4 2508 B2 ) Ay

3

~ ’ a; m’ ; A3

o (a7 ) = {a(t')J 3ai+m’ " ((mz +3ar )
(20)

AR B RE R FEED 7, (.t mdm . 1SR L
S5 BEAEA )50 SR £ 20 Rl 2

2.3 BB )

PRAE Y T 7 BRSO 00 1R 1 25 B2 8 3l vh 22 ik
PR . TR, AR KA 25 s IR A Sl R4 5 2
R P, (ko). EILZIIET, 8 (x,r) B0l Bt A2 45
6, (1) H5Bardeen®#Y A UNTF KL FR

2970

2 (kY
5k(t) = —g (a—H) \Pk' (21)
MY R AERNE FAFE, HAWTF R
3(1+w)
U T W 22)

Htk, —H B, (k) g, AT LUE i (21)
A2 A D) A% B sh D RE, ST
H ) BA R A

FATH B4R e R 14T
k2
S, =—a21'j12 Sy, (23)
L&
4
ol = s o (24)

XHE TR RT TG Z B BUE. Wi, 3
1A

% (o)
Hrh oy =0,@t,) . FRERBWKE n(M,,0,) B
A= e =N = | S N = R o S B
WA, BT DL 215 3 5 49) BT 1% 00 0 5 4 *of 7% Bk
1 18 Py FR 1)

3 R

TE R SRR AL A 22, AR SO AT R
I 1 I K R A R 3 3 e AL R B B SR
. FATE e 43 1 ILA ) J IR i FE A & OF 1
A PR R R A A ) RIS T it
D PR Y R R, R iy DA R K ASE AR I 45 ¢ Y
J5A) i R0 B Dy A 1 A 2 I R A 2

AR SO R A0 2 s e sh (s PR A D) I
AT JRCEESRAR KB 88 BE DL 8, BT LA v 307 A4 52 i ]
REAR R, A 51X 5 W AW 5831 = 7% SCHi [48,49] B
FIH.

FATAE2.3 /01 h A 1 A9 AL S — R i+ 53 8 g
Un SRR SR AT il R I8 Bh By A o 14 30 A AN AR
W, IR AATE BB BAR B BRI, s nT LU J5H)
Iy AR A A B 5 B 1) S BRSO 5540, AE3.3
AN B G 25 B BE I ) B A, A OGP RE
IR 6] ) 38 P XoF J 490 2R I ) 52 137 1R DL SR [46,47).

(25)



it AR B 2. 2/N YRR, RATA T A A ARG RIE R, R ER A N o). (B2
#REIE T “Carr-Hawking S A 80, G I Tl B¢ 7 XRSeff B0, I 57 3 46 1 B B8 6 4t T 96 ) 19
AR, FEAR 2 00T “Carr-Hawking "B 4R AU 255

5% 30k
1 Zeldovich Y B, Novikov I D. The hypothesis of cores retarded during expansion and the hot cosmological model. Sov Astron, 1967, 10:
602-603
2 Hawking S H. Gravitationally collapsed objects of very low mass. Mon Not Roy Astron Soc, 1971, 152: 75-78
3 Carr B J, Hawking S W. Black holes in the early universe. Mon Not Roy Astron Soc, 1974, 168: 399-415
4 Hawking S H. Black holes from cosmic strings. Phys Lett B, 1987, 231: 237-239
5 Crawford M, Schramm D N. Spontaneous generation of density perturbations in the early universe. Nature, 1982, 298: 538-540
6 Hawking S H, Moss I G, Stewart J] M. Bubble collisions in the very early universe. Phys Rev D, 1982, 26: 2681-2693
7 Bertone G, Hooper D, Silk J. Particle dark matter: Evidence, candidates and constraints. Phys Rept, 2005, 405: 279-390
8 Abbott B P, Abbott R, Abbott T D, et al. Observation of gravitational waves from a binary black hole merger. Phys Rev Lett, 2016, 116:
061102
9 Bird S, Cholis I, Munoz J B, et al. Did LIGO detect dark matter? Phys Rev Lett, 2016, 116: 201301
10  Sasaki M, Suyama T, Tanaka T, et al. Primordial black hole scenario for the gravitational-wave event GW150914. Phys Rev Lett, 2016,
117: 061101
11 Blinnikov S, Dolgov A, Porayko N K. Solving puzzles of GW150914 by primordial black holes. J Cosmol Astropart Phys, 2016, 11: 036
12 Lyth D H, Liddle A D. The Primordial Density Perturbation: Cosmology, Inflation and the Origin of Structure. Cambridge: Cambridge
University Press, 2009
13 Carr B J, Gilbert J H, Lidsey J E. Black hole relics and inflation: Limits on blue perturbation spectra. Phys Rev D, 1994, 50: 4853-4867
14 Carr B J. Primordial black holes as a probe of cosmology and high energy physics. Lect Notes Phys, 2003, 631: 301-321
15 Carr B J. Primordial black holes-recent developments. arXiv: astro-ph/0504034
16  Carr B J. Primordial black holes: Do they exist and are they useful? arXiv: astro-ph/0511743
17 Khlopov M Y. Primordial black holes. Res Astron Astrophys, 2010, 10: 495-528
18 Carr B J, Kohri K, Sendouda Y, et al. New cosmological constraints on primordial black holes. Phys Rev D, 2010, 81: 104019
19  Green A M. Primordial black holes: Sirens of the early universe. Fundam Theor Phys, 2015, 178: 129
20 Kopp M, Hofmann S, Weller J. Separate universes do not constrain primordial black hole formation. Phys Rev D, 2011, 83: 124025
21 Musco I, Miller J C. Primordial black hole formation in the early universe: Critical behavior and self-similarity. Class Quant Grav, 2013,
30: 145009
22 Polnarev A G, Musco 1. Curvature profiles as initial conditions for primordial black hole formation. Class Quant Grav, 2007, 24: 1405
23 Harada T, Yoo C M, Kohri K. Threshold of primordial black hole formation. Phys Rev D, 2013, 88: 084051
24  Bicknell G V, Henriksen R N. Self-similar growth of primordial black holes. II. General sound speed. Astrophys J, 1978, 219: 1043
25 Lin D N C, Carr B J, Fall S M. The growth of primordial black holes in a universe withastiff equation of state. Mon Not R Astron Soc,
1976, 177: 51
26  Choptuik M W. Universality and scaling in gravitational collapse of a massless scalar field. Phys Rev Lett, 1993,70: 9-12
27 Evans C R, Coleman J S. Critical phenomena and self-similarity in the gravitational collapse of radiation fluid. Phys RevLett, 1994, 72:
17821785
28 Choptuik M W, Chmaj T, Bizon P. Critical behavior in gravitational collapse of a Yang-Mills field. Phys Rev Lett, 1996, 77: 424-427
29 Abrahams A M, Evans C R. Critical behavior and scaling in vacuum axisymmetric gravitational collapse. Phys Rev Lett, 1993, 70:
2980-2983
30 Niemeyer J C, Jedamzik K. Near-critical gravitational collapse and the initial mass function of primordial black holes. Phys Rev Lett,
1998, 80: 5481-5484
31 AdeP AR, Aghanim N, Arnaud M, et al. Planck 2015 results. XIII. Cosmological parameters. Astron Astrophys, 2016, 594: A13
32 Inomata K, Kawasaki M, Mukaida K, et al. Inflationary primordial black holes as all dark matter. Phys Rev D, 2017, 96: 043504
33 Hawking S W. Black hole explosions? Nature, 1974, 248: 30-31
34 Page D N, Hawking S H. Gamma rays from primordial black holes. Astrophys J, 1976, 206: 1-7
35 Vainer B N, Naselskii P D. Observable consequences of the evaporation of low-mass primordial black holes. Sov Astron Lett, 1977, 3: 76-78

2971



4 % b & 20184108 £63% 28208

36

37
38
39

40
41

42

43
44
45
46
47
48
49
50

2972

Zeldovich Y B, Starobinskii A A, Khlopov M Y, et al. Primordial black holes and the deuterium problem. Sov Astron Lett, 1977, 3:
110-112

MacGibbon J H. Can Planck-mass relics of evaporating black holes close the universe? Nature, 1987, 329: 308-309

Carr B J. The primordial black holes spectrum. Astrophys J, 1975, 201: 1-19

Press W H, Schechter P. Formation of galaxies and clusters of galaxies by self-similar gravitational condensation. Astrophys J, 1974,
187: 425-438

Kim H I, Lee C H. Constraints on the spectral index from primordial black holes. Phys Rev D, 1996, 54: 6001-6007

Bringmann T, Kiefer C, Polarski D. Primordial black holes from inflationary models with and without broken scale invariance. Phys Rev
D, 2002, 65: 024008

Yokoyama J. Cosmological constraints on primordial black holes produced in the near critical gravitational collapse. Phys Rev D, 1998,
58: 107502

Padmanabhan T. Structure Formation in the Universe. Cambridge: Cambridge University Press, 1993

Kim H I. Primordial black holes under the double inflationary power spectrum. Phys Rev D, 2000, 62: 063504

Bugaev E V, Konishchev K V. Constraints on diffuse neutrino background from primordial black holes. Phys Rev D, 2002, 65: 123005
Bugaev E, Klimai P. Constraints on amplitudes of curvature perturbations from primordial black holes. Phys Rev D, 2009, 79: 103511
Lyth D H, Malik K A, Sasaki M, et al. Forming sub-horizon black holes at the end of inflation. J Cosmol Astropart Phys, 2006, 0601: 011
Bullock J S, Primack J R. Non-gaussian fluctuations and primordial black holes from inflation. Phys Rev D, 1997, 55: 7423-7439
Ivanov P. Non-linear metric perturbations and production of primordial black holes. Phys Rev D, 1998, 57: 7145-7154

Green A M, Linddle A R. Constraints on the density perturbation spectrum from primordial black holes. Phys Rev D, 1997, 56:
6166-6174



&
K

Summary for “J5H]% EH 35 P 2

Primordial density perturbation and primordial black holes

Chengyi Sun

Institute of Modern Physics, Northwest University, Xi’an 710069, China
E-mail: ddscy@163.com

The black holes formed in the early universe are called primordial black holes. Primordial black holes provide a profound
tool to detect the primordial cosmological structures and study nontrivial physics of the early Universe. By fitting the
theoretical predictions about primordial black holes to the observational data, we can constrain the cosmological models.
There exist several mechanisms about the formation of primordial black holes. In this review, we focus on the primordial
black holes formed by the collapse of over-densed regions. This paper is organized as follows. The first section is the
introduction. Then, in the second section, we introduce briefly several basic concepts on the primordial black holes
formed by the collapse of the over-densed region, including the condition for an over-densed region to collapse into a
primordial black hole, the mass, the formation time and the lifetime of a primordial black hole. About the primordial-
black-hole mass, usually, in the over-densed-region-collapsing mechanism, the “Carr-Hawking” collapsing model is
adopted to describe the formation. This collapsing model tells us that primordial black holes always form with the mass
approximately equal to the mass contained by the Hubble horizon at the time when the over-densed regions enter the
Hubble horizon. This is called the horizon-mass relation. But, recently, the numerical simulations show that the phe-
nomenon of the critical collapse happens in the formation of primordial black holes. And primordial black holes with a
range of masse are formed. The mass function of primordial black holes is given by a scaling relation. Here, both of the
relations are introduced. Then, in the third section, based on the assumption that the primordial cosmological density
perturbations obey the Gaussian distribution, we review the calculation of the mass spectrum of the primordial black
holes. In this section, we, firstly, review the widely-used approximate expression of the initial mass spectrum of the pri-
mordial black holes. This approximate result is based on the horizon-mass relation that is implied by the “Carr-Hawking”
collapsing model. Then by using the Press-Schechter method, we introduce the exact expression of the initial mass spec-
trum of the primordial black holes. This exact expression is based on the scaling relation that is implied by the critical
collapse. Then by neglecting the effect of the Hawking radiation of primordial black holes, we express the present mass
spectrum of the primordial black holes in terms of the initial mass spectrum of the primordial black holes. However, usu-
ally, the effect of the Hawking radiation of primordial black holes cannot be neglected. Then we also review how to cal-
culate the mass spectrum of the primordial black holes by considering the effect of the Hawking radiation. Since the
mainstream cosmologists believe that, up to now, inflation is the best mechanism to generate the primordial density per-
turbation, we assume that the initial over-densed regions also origin from inflation. Then in the subsection of the third
section, we relate the primordial power spectrum generated by inflation to the initial mass spectrum of the primordial
black holes. The fourth section is the summary and discussion.

primordial black holes, inflation, critical collapse, abundance of primordial black hole
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