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TOM TAT
Trong bai bdo nday ngoai phdn gidi thiéu so luoc nhiing nét co bdn vé hdp dén cdi
tién f(R) va déng luc hoc vi tru cia né, ching téi dua vao mét mé hinh hdp dén f(R)
vdi lagrangian c¢6 dang liy thita — da thiic cia do cong v6 huéng R cia vd tryu. Ching
t6i chi ra rang mo hinh hdp dén nay cé thé dién td mot vi tru véi su gian né tdang téc
vao thoi gian sau va lam phdt & giai doan ddu.
Tw khéa: hip dén cdi tién f(R), dang lay thua-da thic

1.M& dau ngin vé hap dan f(R)

Co6 nhiéu dit kién quan sat trong thoi
gian gan day chi ra rang vii tru ching ta
dang & trong giai doan tang toc. Nhiing quan
sat nay dua trén sao siéu méi loai IA [1, 2,
3, 4], biic xa nén vii tru [5], su tao thanh cau
trac trén giai 16n cta vii tru [6], guong hap
dan yéu [7]. C6 ba huéng tiép can li thuyét
c6 thé giai thich dugc su tang toc nay cha vil
tru 1a [8]: (1) mdt hang s6 vii tru 4, (2) ning
lugng t6i, va (3) hap dan cai tién.

Trong hu6ng tiép can dau tién, modt
hang s6 vii tru 2 dang ddy vat chat cta vii
tru lam cho no6 tang toc va xu huéng nay
dang chiém uu th& trong vii tru hién nay, no6
dua vii tru vao trong pha de Sitter tang toc
mai mai. Cach ti€p can nay la huéng giai
thich rd rang nhat cho su ting toc hién nay,
tuy nhién né gap phai hai van dé rat nan
gidi 14 van dé hang s¢ vii tru (su khac biét
dén 120 bac do 16n gitra gia tri 1i thuyét va
gia tri quan sat cia hang s¢ vii tru) [9,10] va
van dé trung nhau (su trung nhau vé bac do
16n khong thé giai thich duoc gitta mat do

vat chat thong thudng va mat do ning lugng
vacuum vat li, n6 xac dinh do 16n ctia hang
s6 vil tru, & thoi diém hién tai du rang toc do
thay déi cha ching 1a khac nhau trong qua
trinh phéat trién cta vii tru) [11]. Do hai van
dé nan gidi nay, phan 16n cac nha vat li loai
bd huéng tiép can hang s¢ vii tru trong su
gidi thich su ting toc cta v tru.

O huéng tiép can thd hai, hiu hét cac
md hinh déu nam trong khuén khd clha
thuyét tuong doi tong quat Einstein va déu
cong nhan rang c6 ton tai mot dang vat chat
méi trong vii tru goi 1a ning lugng toi véi
phuong trinh trang thai P=—p (p la ap
suat, pla mat do nang luong cia vat chat
t01), n6 dang chiém uu thé trong vii tru trong
giai doan vat chat uu thé hién nay, nang
lugng t6i tham chi c6 thé 14 ning lugng “ma”
v6i phuong trinh trang thai P <—p . Nhiéu
md hinh ning lugng t6i da duge nghién ciu
nhung chua ¢6 md hinh nao hoan toan thuyét
phuc ho#c tranh duge van dé tinh chinh dé co
thé duoc xem 14 mot mo hinh “ding”.
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Véi huéng tiép can thi ba, nguovi ta thay
ddi thuyét tuong doi tong quat Einstein dé cb
thé giai thich su ting toc ctia vii tru hién nay
nhung khong can dén hang s§ vii tru hay
nang lugng t8i bi &n. O huéng tiép can nay,
16p mo hinh hap dan cai tién fiR) dudc quan
tam dac biét. Trong 16p mo hinh nay, vo
huéng Ricci trong mat do lagrangian Einstein
— Hilbert dugc thay thé bang mot ham f(R),
tac dung Einstein- Hilbert kinh dién la:

1
S, = WI [~g(R-2A)d*x+S,, (1)

G dang téng quat, tdc dung ctia hip
din f(R) trong frame dang Jordan véi
trudng vat chat duge viét:

1
$,(9s) =57 | T(RIN-gd*x+8,, (@)

0 day f(R) 1a mot ham phi tuyén nao
d6 cha vdo huéng Ricei R, Sy 1a tdc dung
817G

C4
Ricci duge dinh nghia nhu sau:

R=9"R,,R,=Riy ®
Tenxo do cong la:
R.s?bc = acl_‘gb _6brgc +ngrge _F:crge (4)
Khi thay d6i tdc dung nay déi véi
tenxo metric g ta dugc phuong trinh
truong:

cia truong vat chat, k2= , v0 huéng

1
f'(R)R, ) 9,f(R)-V.V,f'(R)+9,V.VF'(R)=«T, (5)

& day: f'(R)=df (R)/dR va T, =6S,, /59® 6)

Phuong trinh (5) la phuong trinh vi
phan bac 4, rat kho giai.

Vé nguyén téc, tenxo metric c¢6 thé gom
nhiéu bac tu do nhu tenxo, vecto, vo huéng
c6 khoi luong hosc khong khoi lugng. Trong
thuyét hap dan cta Einstein chi c¢6 duy
nhat graviton véi spin 2 lan truyén, khi
chuyén sang hap dan cai tién flR) ngoai
graviton con c6 thém mot mode vo huéng
c6 khoi lugng nita, n6 c6 thé dan dit cho vii
tru ting toc thoi gian sau tuong tu nhu mot

truong vo huéng dan dit cho vii tru lam
phat & giai doan vii tru rat sém.

Ching ta thuc hién modt phép bién doi
conformal dé chuyén tac dung (2) tir frame

E _n?
gab =€ gab
(7), 6 day chiang ta dua vao mot tham s6 ¢

Jordan vé frame Einstein:

nhu 14 mdt trudng vo huéng mdi thoéa
¢g=Inf'(R) ().

Lac nay tac dung (2) trong frame
Einstein thanh:

SE[Egab]:z—’];zJ‘(ER—g Egab6a¢6b¢_v(¢)j\/_lzg dx* 9)

0 day Va 14 dao ham hiép bién Gng véi tenxo metric trong frame Einstein,

V (¢)1a thé hiéu dung: V =

Rf'(R)— f (R)

f'(R)?

(10)

Thay déi tac dung (9) déi véi . d,, ta dugc:
1 ~ 1 3 e we o

- Rab _E Egab "R= 3Va¢ Vb¢_§ Egab (E Eg bva¢vb¢+v(¢)j (11)

Khi thay ddi tdc dung (9) d6i véi 4 gay V ,=dV/dg.

Ching ta xét vii tru phdng, metric

-~ ~ \Y
trudng ¢ ta dugc: VaVb¢+—¢ =0 12
3 FRW c6 dang:



ds® = —dt? +a’(t)(dx® + dy* + dz?) (13)
Phuong trinh Friedmann tur (11) la:
1., V
H 2 — _¢2 + (¢)
4 6
g day H=a/a 1a tham s6 Hubble
va a=da/dt.
Phuong trinh chuyén dong cho trudng
vd huéng thu duge tir (12) 1a:

0

(14)

. .V
$+3Hp+-= (15)
3

2. Pong luc hoc vi tru cua hap
dan f(R)

Trong phan nay ta sé xét su phat trién
cia vl tru trong frame Einstein véi trudong
vd hu6éng tu hap dan. Chang ta ban luan co
ché& cho su bat dau, két thac lam phat va su
bit dau pha tang toc vii tru nho su phat
trién cta thé& do cong. Ching ta sé khao sat
co ch& nay tuong tu v6i co ché dan dit lam
phat béi truong vo huéng trong cdc md hinh
lam phat. Ching ta st dung gan dang lan

cham [12, 13]: ¢z 0, ¢2 <<V (e

Lic nay phuong trinh Friedmann va
phuong trinh chuyén dong cho trudng vo

huéng thanh: H? =% 17)
V¢
3H¢ = 3 (18)
Phoi hop (17) va (18) cho ta:
V¢
p= (19)

3veV
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DPiéu kién gia t6c cha vii tru trong céc
mo hinh hdp dan f(R) 1a:

4 _H+H2>0

a

(20)

H
Tur day: —? <1 (21)

Lay vi phan H? trong (17) va dung
(18), ta co:

2
1V,

18V
Lic nay (21) thanh: (\QJ .3 (23)
Y

(22)

Bat ding thic (23) 1a diéu kién dé c6
su gidn nd tang toc.

3. Su gian néd ting téc chua vi tru
trong mé hinh hap din f(R) dang
ham mi - da thdc

Ching toi khao sat mot 16p md hinh hap
dan f{ R) véi lagrangian c6 dang ham mii —
da thic cla vo huéng Ricci R nhu sau:

f(R) = R+a+%(l+ bR? +cR%)e " (24)

O day «, S 1a nhiing hiing s6 duong,
m, n, a, b, ¢c 14 nhiing héng sd.

Trong trudng hgp a= 0 hay R— ®
ta trd lai li thuyét Einstein.

Bai bdo nay ching téi chi han ché
khédo sat truong hop khi: b=c=1, a=-24
m=n=1, a=10"; f=10""

Lic nay tac dung (24) thanh:

-1
1F?m (1+R*+R¥)e 'R (25)

f(R)=R—2A+

Véi lagrangian (25), thé higu dung V(¢ ) tir cong thic (10) trong frame Einstein thanh:

R -R

R l+i(2R+3R2)e(mj _i(1+R2+R3)e(m) 1

-R

@L+R*+ R3)e(M)

-R

2, p3 [W)
A_R_i(lJrR +R%)e

10 R 10 R? 100000 R 10 R (26)
v-i
’ (o) (o) () |
l+i(2R+3R2)e 10000 _i(l-l— RZ + R3)e 10000 ~ 1 (1+ RZ + R3)e 10000
10 R 10 R? 100000 R

O thoi gian sau R 1a r4t nhé nén tir bidu thic diy du ciia V(¢) trong (26) ta duge:

V(g)~R?>(27)
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Trong khi d6:

3
e’ = f'(R)~ R2nén V(f) ~ e 2 (28)
Ta biét ti 1i thuyét lam phat véi

trudng vo huéng rang [12, 13]: néu thé

hiéu dung phu thudc vao truong vdo huéng

theo dang V (¢) ~ exp(—%qﬁ) thi nhan s6

giai (c6 thé xem nhu ban kinh vii tru) sé
phu thudéc vao thoi gian theo dang
a(t) ~tP.

Vé6i két qua cha ching ta 6 trén, thi

nhan s6 giai sé phu thudc vao thoi gian
4

theo dang: a(t) ~t* (29)

Su phat trién cla nhan s6 giai theo
dang (29) ciing tim thidy ¢ nhiéu m6é hinh
f(R) khac [14,15].

Diéu kién dé c6 su tang toc cha vii
tru (23) viét lai la:

9
hayz < 3: ludn dugc thoa.

4. Su lam phat cua vi tru & giai doan
rat sém

Lam phat via tru xdy ra ¢ giai doan
rdt sém cda vii tru ngay sau khi hinh
thanh, né bét dau tir thoi diém khodng
10%s kéo dai d&n thoi diém khodng 1023
s ngay sau big bang, mat do vat chat
trong vii tru ldc d6 1a rdt cao

*

p~10"g/cm®, do cong vo huéng R cia
vii tru 1a rdt 16n R — o, lidc nay tac dung
(25) ctia md hinh nay tré vé tac dung
kinh dién trong thuyét hdp dan Einstein:
f(R) >R-2A (31)

1
S, = Wj [~g(R—2A)d*x+S,, (32)

V6i tac dung kinh dién (32), vii tru sé
lam phat trong giai doan dau rat sém
ngay sau khi hinh thanh theo ludt ham
lay thita[16, 17]: a(t) ~e™" (33)

0 day H la tham s6 Hubble ¢ giai
doan rat s6m va la mot s6 duong. Véi
viéc quay vé tdc dung kinh dién Einstein
— Hilbert, md hinh nay cing cho mot va
tru lam phat & giai doan dau rat sém.

5. K&t luan

Trong bai bao nay, ching toi dua vao
modot mod hinh hap dan cai tién fiR) véi
lagrangian c6 dang mot ham liy thia — da
thic cia d0 cong v huéng Ricci R; chang toi
cling chi ra ring md hinh nay ciing thong
nhat dugc pha lam phat vii tru & giai doan
dau tién v6i pha tang toc trong giai doan
sau. Dang diéu phat trién theo thoi gian cla
nhan s6 giai cung dang véi dang diéu thu
dugc & nhiéu md hinh f(R) dugc quan tam
nhat hién nay. Cac van dé khac ciia modt md
hinh hap dan filR) nhu: dn dinh vii tru, giéi
han Newton va céc kiém ching trong hé
Mit troi, ciu trdc vii tru trén giai 16n... sé
dugc trinh bay trong cac nghién ciu khac.

ACCELERATING EXPANSION OF THE UNIVERSE IN
A POLYNOMAL- EXPONENTIAL f(R)YGRAVITY MODEL
Vo Van On”, Tran Trong Nguyen®
(1) Thu Dau Mot University, (2) University of Natural Sciences — VNU HCM
ABSTRACT
In this paper, we introduce a class of f (R) gravity model with Lagrangian of

polynomial — exponential form of scalar curvature R. We have improved that this f(R)
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gravity model describes a universe with accelerating expansion at late time and the

inflation at early time.
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