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Tom tit

Cdc quan sat thién van chieng t6 rang vii tru trong giai doan sém rdt thuan nhdt va dang
huong, do khong thuan nhdt chi c& 10°. Tuy nhién hién nay vii tru dwoc xem la khong thuan
nhat trén nhing giai khodng cach c& 100 MegaPasec, s¢ di ¢é hién twong nay la do cdc nhiéu
loan nhé ban dau cia vii tru dwoc khuéch dai 1én nho luc hcfp dan, dan dén viéc tao thanh cdu
triic Vil try nhw ngay nay. Trong bai bdo nay, ching t0i bdt dau tir ham mdt d¢ Lagrangian khd
tong qudt f(R, ¢ , X), né la mgt ham cia vé huwéng Ricci R, truong vé hudng ¢ va tham sé
dong luc X = —(V¢)2 12 dé rit ra mot phuwong trinh xac dinh nhiéu loan vdt chat cua vii tru
trong giai khodng cdch nhé hon dwong chéan troi vii tru( sub- horizon). Ké dén chiing t6i xét
triweong hop han ché hon khi f chi phu thuée vao R va ¢é dang ham mii — da thire. Rit ra phwong
trinh cho nhiéu loan mdt dg vat chat va nghién ciru sw phat trién ciia cac nhiéu loan ciia vii tru
& gan ding tuyén tinh. Két qua khdo sdt cho thdy mé hinh cho dang diéu phdt trién cia vii tru
hoi khdc véi trong mé hinh vii tru chuan ACMD, dam bdo dwoc ti s6 WY1 ® nam trong gici
han cho phép cua thuc nghiém.
Tir khéa: nhiéu loan tuyén tinh, dang ham mii - da thirc, hdp dan cdi tién
Abstract

LINEAR PERTURBATION OF UNIVERSE IN MODIFIED GRAVITY F(R) OF
POLYNOMIAL -EXPONENTIAL FORM

Astronomical observations show that early universe is very homogeneous and isotropic,
with no uniformity is only about 10-5. However, the universe is now considered inhomogeneous
on scales of 100 MegaPasec. This phenomenon is caused by the initial small disturbances of
the universe that are amplified by gravity, which results in forming the structure of the universe
as it is today. In this paper, we begin with a general Lagrangian density f (R, X), which is a
function of the Ricci scalar of R, scalar field ¢ , and a dynamic parameter X :—(V¢)2 /12,
derive the equation to describe the disturbation of the matter density of the universe at a
distance smaller than sub-horizon of universe. Next we consider the more restrictive case
where f only depends on R and has the exponential-polynomial form. We derive the equation
for material density disturbance and study its development in linear region. The results show
that the model notes the development of disturbance of the universe is slightly different from
that in the standard ACMD model, it also ensures that the ratio of @ /¥ is within the
allowable range of the experiment.
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1. Mé& dau

Tu nam 1998, cac nha khoa hoc d3 xac nhan r?mg vl tru chung ta dang that sy gian nd
tang tdc tir nhidu dit kién quan sat chinh sat [1,2,3,4]. Dé giai thich sy gidn né ting tdc ndy, cac
nha khoa hoc dua ra nhiéu hudng tiép can, nhung co thé 1iét vao hai 16p chinh[5,6]. Lép dau
tién, giai thich su gidan nd nay do cac truong vé hudng nhu mé hinh quintessence [7] va k-
essence [8]. L6p thar hai twong tng vai md hinh hap dan cai tién chang han nhu hip dan f(R)
[9], ly thuyét tensor - vo hudng [10] va cac md hinh braneworld [11]. Trong bai ndy , chiing t6i
khao sat sy phét trién ctia nhiéu loan vat chit §_ va thé hap din @ theo thoi gian vil tru trong
mot 16p nhé hon ciia hudng hdp dan cai tién f( R) d6 1a mé hinh f( R) dang ham mii — da thirc.
Két qua thay rang co thé dwa vao cac dang diéu phat trién nay dé chi ra sy khac biét cua 16p md
hinh hip dan cai tién vdi mé hinh chudn ACMD va véi md hinh khac hién nay .

Trong hap dan Einstein ta biét rang nhiu loan tuyén tinh trén giai nhé hon duong chan
troi (sub-horizon) théa man phuong trinh: &, +2HS, —47Gp, S5, =0 (1)

O day H l1a tham s6 Hubble, G la mot hang s6 hap dan Newton's, p. 1a mat d¢ ning
luong cua cac vat chat phi twong ddi tinh, va mot cham 1a dao ham theo thoi gian t. Trong ky
nguyén vat chat théng tri nay 161 gidi cho mo hinh ting truong &, oc a oc t*® dan dén sy hinh
thanh cac ciu trdc giai Ion. Trong mé hinh hip dan cai tién mac nhidu loan 1a khac nhau do su
hiéu chinh cua hang sé hdp dan ciing nhu su thay d6i tién trién cua nén. Trong pham vi ciia hap
dan f(R), dac biét dd c6 mot s cdng trinh gan day vé sy tién trién ciia mat do nhidu loan trong
ki nguyén vat chat thong tri va bét dau ki nguyén niang luong t6i théng tri [12].

Bai bao duogc bd cuc nhu sau: trong phan 2, chung t6i din ra cic phuong trinh nén co ban
gdm cac phuong trinh trudng hip dan va phuong trinh chuyén dong cua truong vo hudng ¢ ;
trong phﬁn 3, chung t61 dan ra cac phuong trinh cho sy phat t;ién cua n’hiéu~ loan vat chat va thé
hap dan; phan 4, khao sat sy phat trién cta nhiéu loan vt chat trong hap dan f(R) dang ham mi

. ¥ e
— da thirc, khao sat ti sO 6 va so sanh thuc nghiém.

2. Phuwong trinh nén
Chung ta bat dau véi cac tac dung 4 chiéu voi ham tac dung kha tong quét sau:

s:jd“x,/—ng(R,¢,X)+Lm} )
O day glamot dinh thirc cua métric g, , f 1a mot ham theo tham s6 vo huong Ricci R,
mot truong vo huong ¢ va mot s6 hang dong luc X = —¢°p. 12 . L, lamatdo Lagrange cho vt

chat khong ap sudt, mat d6 nang lugng ciand la p,. . Ching ta sir dung ki higu métric (-, +, +, +) .
Phuong trinh truong hap din va phuong trinh chuyén dong cta truong ¢ dugc cho boi:

1 1 m
FG,, = E(f -RF)g,, +F,, —Fg,, s fid.8,+T0 ()
(fyg°) . +f,=0 4)
Oday F = ?C—R , G,, lamét tenxo Einstein, va T;Ln) Ia mét tenxo nang - xung lugng cua

vat chat khdng ap suat.
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Trong vii try phang Friedmann-Robertson-Walker (FRW) métric véi nhan sé giai a,
ching ta duoc cac phuong trinh nén sau day:

3FH? = f, X +%(FR—f)—3HF’+pm (5)
—2FH = f X +F-HF + p, (6)
1 .

g(a3¢ f,x)_ f,¢ =0 (7)
Pn+3Hp, =0 8

a TN s ; : 5 o
Trong 46 H =—,R=6(2H*+H), va d4u chdm ky hiéu cho dao ham theo thoi gian vii
a

trut.
Dé dbi chiéu phuong trinh trang thai ctia nang lugng t6i DE v6i cac quan sat nhu dit kién
sao siéu mai loai Ia (SNIa), ching téi viét lai phuong trinh (5) va (6) nhu sau:

SFOHZ = Ppe T Pn C))
—2FH = ppe + Poe + P (10)
trong do:

Poc :%(FR— f)-3HF + f, X +3H?*(F, - F) (11)
pDE=|5+2HIf—%(FR—f)—(2I—'| +3H?)(F, —F) (12)

O day chi s6 dudi “ 0 ” tugng trung cho gia tri hién tai. D& dang dé ching minh rang p,.
va Py NO duge xac dinh theo cach nay thoa man phuong trinh bao toan nang luong

Poe +3H (Poe + Ppe) =0 (13)
chiing ta sir dung phuong trinh (7). Diéu nay di duoc ching minh 1 ding trong pham vi
tenxo vo huéng hap dan [22,23] ciing nhu hap dan f (R) [24]. Chung ta dinh nghia phuong
trinh trang thai cua DE nhu sau
Poc 2f X +2F —4HF —4H (F,-F)

WOpe

=-1+ .
Por 2f X +FR— f —6HF +6H?(F, —F)
Lay tich phan (8) ta dugc:
P, =3FQOH2(1+2)? (15)
trong d6 z=a,/a—-1 la dich chuyén do va Q¥ Ia ty 1¢ niang lugng hién tai caa vat
chat phi‘tuorng doi tinh. o
Bang cach sir dung phuong trinh (9) va (10) phuong trinh trang thai @, c0 thé viet lai:
Tl
trong @6 r=H?(z)/H? . Pay la hé thic giong nhu hé thic duge rit ra tir hip dan
Einstein [6]. Do d6 @, bi rang budc theo cach thuong thay tir quan sat SNla . Tir phuong
trinh (14), chiing tdi thiy rang su phat trién cia @,. phu thudc vao mé hinh nang lugng toi.
Do d6 ta c6 thé kiém tra tinh kha thi cia md hinh bang so sanh @y, Véi cac quan sét.

(14)
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3. Cac phwong trinh cho nhiéu loan vii tru
Ta xét c4c nhiéu loan métric véi métric nhiéu loan vo huéng @ va ¥ trong chuan theo
chiéu dai (longitudinal gauge):
ds? =—(1+2®)dt* +a* (1-2¥)sdx'dx’ (17)

Bién d6i Fourier cac phuong trinh nhiéu loan ta duoc [26]:

. k2 1 1 1., . .
3H (‘P—H@)+¥\I’+E[—§(f¢5¢+va5X)+§¢ (f o0+ fxOX )+ f dop—3HSF (18)
+(3H2 +3H —I;—zde +3F (W +H®)+(3HF - fvxéz)®+5pm} =0
. f o)., K2 o 1, 5.
f. |56+ 3H e 5¢+¥5¢—¢(3‘P+(D) —2f¥¢cb+¥(a gof,)-of,=0 (19)
X
F
v :CD+5— (20)
F
. k?
op, +3Hp, = p, (3‘1’ ——ij (21)
a
: 1
V,+Hv, =—® (22)
a
trong do k 1a s6 song dong chuyén dong.
Chung ta dinh nghia nhiu loan mat do vat chat o, bat bién gauge nhu sau:
5 =Pn 3Hy (23)
Pnm
trong d6 Vv=av,,
Pua vao phuong trinh (21) va (22) :
.. k2
o, = —¥v+3(‘lf + Hv) (24)
V=0 (25)
ta duogc:
. . k? .. .
Op+2HOS, +— D =3B+6HB (26)
a

trong d6 B=Y+ Hv.

Theo céach tiép can trong [ 6,22,27], ta sir dung gan dung sub-horizon, trong d6 cac sb
hang c6 déng gop chii yéu 1a cic s hang chira k’ va &, (hay Jp,, ) trong phuong trinh (26) va
cling trong cac phuong trinh (18)-(19). Vé co ban céc sé hang & vé trai ciia phuong trinh (26)
cho déng gop bac H?¥ , do d6 c6 thé boé qua ching so vdi cac sb hang (k2 /a2)<D dbi véi
cac mode & siu bén trong ban kinh Hubble (k2 Ja*H 2).

Néu khéi lugng m, ciia trudng nhiéu loan &4 I6n hon s6 hang k/a ta can phai tinh dén
s6 hang khoi lugng nay. Bicu thiic cua m, dugc rit ra trong [20] dwoc lién két véi cac mo
hinh ning lwong téi véi mat do Lagrangian p(¢, X ). Trong hép dan Einstein véi truong vo

hwéng chuan, binh phuong khéi lweng dugce cho boi m; =V, —24” . Khi truong ¢ tuong

6
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{mg v6i ning lugng t6i, cac s hang vV, va 2¢4° 6 bac H? hay nho hon, n6 cho ‘m¢‘ <H .
Nghia 13 gin ding bo qua s hang khéi luong m 5 d6i véi k/a 1a hop 1i trong mé hinh nhu vay.
C6 vai m6 hinh dac biét f(R,4,X) vi pham diéu kien |m,| Tk /a nhung ching ta khong xét
cac truong hop nhu vay. Do vay phuong trinh (26) dugc cho gan dung boi

2

5m+2H5m+k—2(DzO (27)
a

tiép theo 1a biéu dién @ theo 5,
Tu phuO’ng trinh (18) ta tim dugc:
k? k?
—VY=—| 50F-¢ 28
ey ( pmJ (28)
Khtr s6 hang W khi ding (20), ta duoc:
k? k> F 1
Koo XoF_ 1, 29
a2 222 F 2F " @9
Trong phan tiép theo ching ta s& nghién ciru cac trudng hop trong d6 F phu thudc vao ¢
va R ma khong vao X, tac la:
F=F(R) (30)
Truong hop nay bao gom hau hét cac mé hinh ning luong ti da dugc dé xuat hién nay.
K¢ dén, OF trong phuong trinh (29) duwoc cho boi:
OF =F ,0p+F0R (31)
Trong do:
, k2 k2 k2 39
SR=2| -3(¥ +4HY + HD + HD + 4H D) + a——3H O-25W |x-2— q>+2? (32)
Mot lan nira chiing ta sir dung su kién rang nam sb hang dau tién trong phuong trinh (32)
c6 bac H*®, H*¥Y hoic nho hon. Pua phuong trinh (31) vao phuong trinh (32) chiing ta
duoc:

CD+2F 50
) it
SR~ e (33)
a1 as
F
Chi y ring SR gop trong sb hang k*/a® , dai lugng o :
of =100+ f,6X+f0R=FSR (34)
Tir phuong trinh (19) ta thay :
2
k 5¢ F,0R~0 (35)
dan den hé thirc sau:
F¢
0P~ — () (36)

2 4F;
Fy |1+ 4k +—
F F

Dua nay vao phuong trinh (32), ta dugc:
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2 f
SR~— 2 X o) (37)

a’ 2 AF?
f (1 4kF]+'¢

F
Tir phuong trinh (29), (31), (36) va (37) thé hap dan @ duogc biéu dién nhu sau:

2F, F;

f +4 ka—z—'R+—"”

K P *a F F
F,R

F

— S
F2y) "
+ 4
F ]

a?  2F f K2
X +3( fy 7z
& day ta da s dung S, = dp, / p, & gan ding sub-horizon. Do d6 phuong trinh (27) cta
truong nhidu loan vat chat thanh:
5 +2HS, 4G, p, 5, =0 (39)
& day hang s6 hip dan hiéu dung dugc cho bai:

*F, F?
f o +4 ka—z—'R+—'¢
1 ' “a" F F

(38)

G. ~ ) G 40
eff 1+ fR f 3 f k2 FR F; ( )
+ 77'+7'
X *a? F F
Tur (38) thé hdp dan 1a:
2
~ 472Gy 1 7 P (41)

n6 twong g voi mot phuong trinh Poisson trong khong gian Fourier. Trong phan tiép
theo ching ta str dung dau bang cha khong phai 1a xap xi bang nhau (=) cho céc két qua thu
duoc trong gan ding sub-horizon.

Chung ta cling dinh nghia tham sb n, n6 dac trung cho muc do di hudng :

o-Y
=— 42
=% (42)
Str dung (20), (36) va (37), ta dugc:
2 2F?
2f k2 - +—F"’j
a
= 43
nf(12k2)2F2 -
F
Thé hap din @ thoa.
2 F 2F2
K2 fo+2(f, LS —R )
_ZIP:_;)_E Ez - 2|:2 n 4
a
fy+3(fy —?R A

Chung ta bién d6i phuong trinh (39) sang dang sau:
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k2
1+4——m
(1 3 , 3 a’R
U = o —ZG Q,65,=0 (45)
2 2 2 k
1+3
, < . d l X
trong dON=1Ina;dau '=—=-—dt va
dN H
1 2
3H 3FH a‘R fq
Néu w, ,Q, , &, G lahing sb.
Ta tim nghiém cta phuong trinh (45) dudi dang sau:
5 =ca™+ca* (47)
Voi:
2
—1-3£+3w,, +9¢0 eﬁ_\j(1+3§ 3w, —9m, ) —4(2+6&)(-36Q, ~12G&,) 49)
ni

2(2+6¢)
Cs, C. la cac héng $b.
S6 hang dau trong (47) 1a nghiém trong mode tang truong, s6 hang thir hai 1a mode suy
giam. Nhidu loan vii tru phat trién theo mode ting trudng:
o, =c.a™

4. Hap dan f(R)

Trong phan nay ching ta nghién cau phat trién caa nhidu loan vat chét trong ly thuyét
hap din cai tién, trong d6 f chi 1a ham cua R. Trong trudng hop nay, hang s hap dan hiéu dung
c6 dang don gian hon:

(49)

k2
1 1+4 2R
Gy = G 50
ol f k® 0)
a’R
V6i - m= e (51)
fR
k2
va tham s6 dj huéng 7 = a—EZ (52)
1+ 2
Trong md hinh hip din f( R) dang ham mii da thtrc, ta c6
o 2 3\ o-AR"
f(R):R+a+F(1+bR +cR )eﬁ (53)
Véi a >0, ﬂ>0'm=n=];a:—2A'b=c:1
Khai trién Euler Iy gin dang : € 7% =1— R (54)
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Taco: fq =a[—3ﬂR2—%—2(ﬂ—1)R+l}+l (55)
for =20{—ﬂ+%—3/}R +1] (56)
Rf... 2a[3ﬂR4 +(B-1)R’ —1]
m= = ; - . (57)
f  a+3pR'+2a(f-1)R°—(a+1)R

Chung ta xét hai trudng hop gidi han sau day:
Z

k
4.1 Truwong hop —— M >> 1
a“R

Trong truong hop nay Gy ~ , md hinh tuong tng véi 1y thuyét Brans —

@
wl b

1+ f,

, \ k? , .
Dicke véi @y, =0 [30]. Tham s6 di huéng 7 =1 . Dicu kiecn ——ml[] 1 c¢6 thé thuc hi¢n
a

2
. . k ) .
duoc thuc té do diéu kién 2z >> 1 thyc hién duogc trong gan dang sub-horizon k 3> aH
a

mién 1a m khong rat nhé hon don vi. Liic ndy phwong trinh (45) tré thanh:

o + 1—Ecoeﬁ j&r; -2GQ, 0, =0 (58)
2 2
i L . m m(7+10m)
Trong ki nguyén vat chat chiem vu thé @ =——— va Q =1-———-—-~
1+m 2(1+m)

Chon nghiém trong dang (47) :
o6,=c,a™+ca" (59)

Giai (58) ta c6 nghiém sau:

— J-(M+1)°[16(8M? +3m —2) — (4m+1)2] + 4m? +5m +1 (60)
T 4(m+1)?

Nghiém trong mode tang truong la:
Véi 5, =c,a™

. J—(M+1)2[16(8m? +3m — 2) — (4m +1)2] + 4m” + 5m +1
o 4(m+1)?

(61)

Chu y 1a trong giai doan vat chit chiém wu thé cta vii try, nhan sb giai a(t) phu thudc vao
thoi gian theo dang :

a(t) oc t*? (62)
nén mode ting truong ciia nhidu loan vét chat phy thudc thoi gian trong dang:
2
S =ctd (63)

10
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Vi n- theo biéu thic (61) i ’
Hinh 1 la duong biéu dién mode tang trudng cua nhiéu loan vii tru theo nhan so giai a va
tham s6 dich chuyén d6 vii try z v6i luvu y ring z=a,/a-1

1.0 1.0
bl ogl  —--m=0.003
— m=0.205
0.6+ 06F  — m=0.094
& & 0.149
04 — m=0.205 N
—— m=0.094
it — m=0.149 g2k
0.0 0.0
0.0 02 04 0.6 08 1.0 0.0 02 04 0.6 0.8 1.0
1 a
30
25
0} - - - m=0.003
L — m=0.205
£ 15 S
—— m=0.094
1op — m=0.149
5E
oL s I I - s X L a L . L
0.0 0.2 0.4 0.6 0.8 1.0 0.0 02 04 0.6 0.8 Lo
Redshift z t

Hinh 1. Céc dwong biéu dién nhiéu loan vii véi cdc gid tri m khdc nhau,
so sénh véi mé hinh ACDM .
z

k
4.2. Truong hop —— 1 < 1
a“R

Diéu kién nay dugc thoa trén nhitng giai ma quanh né céu tric giai 16n cua vii try duoc
tao thanh. Trong trudng hop nay
1 k? k?

Gy = 1+ m)G va n=2 m
S fR( 2R V=20
. oo (103 , 3
Phuong trinh (45) viét lai: o, + 57 e o, _EQmG5m =0 (64)

Giai pt (64) ta duoc
1| |(4m+1)?-12G(8m?+3m-2) 3m . 1| |(4m+1)>-12G(8m?+3m-2) 3m L
4 (m+1)? m-+1 4 \[/ (Mm+1)?2 m+1 | (65)
0, =c.a +ca
Nghiém trong mode tang truong la:
1! [(4m+1)2-12G (8m? +3m-2) 3n1_{
4 (m+1)2 m+1
o, =4a \

(66)

11
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Nghi¢m mode tang trudng phu thudc thoi gian vii tru la:

1| J(4m+1)?-12G(8m?*+3m-2) 3m
(m+1)? m+1

6
O =1 (67)

1

Taco khi m=0— &, oc aoct??

Do thi biéu dién nhiéu loan vii tru trong mode ting trudng nhu sau:
10 : . . , A ————

08 0.8
0.6 0.6
£ 5
04 0.4
02 0.2
0.0 0.0 .
1.0 0.0 0.2 0.4 0.6 0.8 1.0
a t
1.0
08t
0.6}
5
04}
02}
1 U_ﬂ i
0.0 02 04 0.6 08 L0 0.0 0.2 0.4 0.6 0.8 1.0
Redshift 2 t

Hinh 2. Cac duong biéu dién nhiéu loan vii tru véi cdc gid tri m khac nhau
va trong mé hinh ACDM.
Duong biéu dién sy phat trién cua nhidu loan vat chit trong cac hinh 1 va hinh 2 cang
gidng vai trong mé hinh vii try chuan khi tham s6 m ctia md hinh cang gan t6i khong.
4.3 Panh gis lai cac hang s6
Trong phan nay chung ta s& danh gia lai ty s6 hiang s6 hip dan vii try hiéu dung v6i hing

A A X 5 A \ A r \IJ A 1.3 \ \ ’ re ’ \
s0 hap dan Newton Gef/G, ty sO ham vo hudng Y trong moO hinh nay va so sanh véi cac rang

budce tur thyc nghiém.

4.3.1Ty so kil
®

2
1445 T
Y a” 1+ f,
Ta co: —:?
1+2— =
a” 1+ f,

Trong d6 k =0.01hMpc ™ :h=0.72+0.08.

(68)
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. P
Hinh 3: Do thj ty so D

So sanh voi thuc nghiém: & giai doan hién nay, d0 cong vii tru rat nho ¢ R ~ 102 m’
nén ta c6 trong moé hinhmii — da thurc:

2

a 2 f _
fom g o~ 2R
R (69)
4
ivay: — &2
Vi vay: D

Gia tri thuc nghiém khi k= 0.01h/Mpcvaa=1[36]: 1< > <1.996
5. Két luan

Trong bai bao nay ching tdi da nhan dugc phwong trinh dién ta sy phat trién ciia nhidu
loan vat chat véi hang s6 hap dan hiéu dung dbi véi mat do Lagrangian f (R, ¢, X) kha tong
quat. Khi xét cho truong hop hep hon f chi phu thudc vao do cong vd hudng R trong dang ham
mil — da thirc chung t6i thu dugc cac phuong trinh & dang don gian hon. Sy phét trién cua nhiéu
loan mat do vat chat va hiang s6 hap dan ciing dugc danh gia va so sanh véi md hinh vii try
chuan hién nay va thuc nghiém quan sat.

Két qua kha phu hop cua mo hinh voi thuc nghi€ém cho thdy mo hinh ciing 1 mot ing
vién ti€ém nang cho viéc tim hi€u vi try hi¢n nay. Cac nghién ctru chi chi tiét & danh gié ti s
\P /4 . ‘A ’ \ A re o0 A G A r A 5
Y ,cho thay n6 phu hop véi thuc nghiém quan sat, con doi voi ti so — ¢an c6 mot sy khao

N

sat chi tiét hon trong cac nghién ctru twong lai.
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