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DAU TIEN CUA SONG HAP DAN

Cudi thang 3.2014, cac nha vat Iy thuc hién thi nghiém BICEP2 (Background Imaging
of Cosmic Extragalactic Polarization) dat tai Nam Cuc da théng bao vé viéc tim thay
nhitng tin hiu dau tién cia song hap dan (SHD) va lam phat vi tru. Cac dif liéu cua
BICEP2 cung cap nhitng hinh anh phéan cuc dau tién cia SHD [1]. Néu céac két qua nay
dugc khang dinh thi theo § kign clia nhiéu nha khoa hoc, su kién nay xing dang dugc
danh dau bang Giai thudng Nobel vé vat ly. Day la thanh tyu I6n nhat trong vat ly (sau
viéc phat hién hat Higgs) trong nhiéu thap ky qua. Dudi day Tap chi xin gidi thiéu ndi
dung chinh bai viét ciia cac tac gia Sean Carroll [2] va Cecelie Hector [3].

Lich sii tom tat ciia vii tru

Vi try da trdi qua nhiing thoi ky va
thoi diém nhu sau (hinh 1):

Hinh 1: lich sd tém tdt cla vi tru - Céc
thdi ky va thoi diém tuong ung

Céc thai ky (xem cac chii s6 phia
trén hinh 1): 1- Big Bang; 2- Vi tru
lam phat; 3- Thai ky lam phat (la thoi
ky sinh ra nguén géc cac nhiéu loan,
SHD, 14 thdi ky chung ta quan tam
trong bai bao nay); 4- Cac hat hinh
thanh; 5- Cac hat két hgp véi anh
sang va xuat hién cac cau tric cla
vat chat t6i (cac photon cla vi try
so sinh bi giam cam trong mot moén
xUp cla nhiing hat luu gili &nh sang
giéng nhu nhiing con dom dom bj
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mac trong bun); 6- Thai ky tai hgp
(electron tu do két hgp véi hydrogen
va helium); 7- Cac hat tach khdi anh
sang va CMB (Cosmic Microwave
Background) xuét hién; 8- Thdi ky toi
(ching ta khdng cé thdng tin nhiéu
vé thdi ky nay vi anh sang chua dugc
ty do lan truyén. Vi tru & trang thai
md. Sau thdi ky nay vi try chuyén
sang trang thai trong); 9- Vat chat
binh thudng rdi vao cdu tric tao ra
bdi vat chat t6i; 10- Céc thién ha dau
tién; 11- Su tién trién cac thién ha;
12- Su hinh thanh cac cum thién ha;
13- Hién nay.

Tuong Ung véi céc thdi diém (xem
cac chii phia duéi hinh 1): A = 102
giay, B =102 giay, C =100 giay, D =
100 nam, E = 300.000 nam, F = 200
triéu nam, G = 1 ty nam, H = 10 ty
nam, | = 13,82 ty nam.

Nhiimg nhiéu loan gay nén hoi
lam phat

Thai ky lam phat (thdi ky 2 trén
hinh 1) gy ra 2 loai nhiéu loan quan
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trong: vO6 hudng (méat do) va tensor
(SHD). Nhiéu loan vector mau chéng
phan ra nén khong dugc xét dén.
Nhiéu loan v6 huéng dugc cam (ng
bdi cac bat dong nhat nang lugng mét
dd. Nhiing nhiéu loan nay quan trong
vi d6 sé& l1a mam cla céc cau tric vi
tru trong tucng lai. Nhiing nhiéu loan
tensor tng vai SHD.

Hai nhiéu loan vé hudéng va tensor
déu xac dinh bdi su tién trién ctia mot
ham vd huéng @ goi la inflaton thda
man diéu kién goi la 1an cham (slow
roll), hat Higgs c6 thé déng vai tro
inflaton [4].

Nhiéu loan vé hudéng

TU biéu thdc cla metric, ta lay
ra phan nhiéu loan vé huéng R goi
la nhiéu loan dd cong (curvature
perturbation) lién quan dén nhiéu
loan mat do.

L&y thanh phan Fourier clia R ta
c6 R, (chuyén sang khéng gian xung
/erng) Tu do, taco < R R> = P

d(k-l), Py dugc dinh nghia Ia phé cua




nhiéu loan vo hudng. C6 thé viét phd
nhiéu loan P, dudi dang:

a<k>=a<ko>[,§]"5

Trong cong thiic trén, n, goi la chi
s6 phé (spectral index) vo hucng

Nhiéu loan tensor

Ciing 1am nhu thé véi nhiéu loan
tensor hj Bi€n d6i chi s6 cla h. sang
chi s6 xung lugng k va phan cuc A ta

C6 hy, 1 d6 Y <hyhy, >=PB3 (k-k').

A=12

C6 thé viét phé nhiéu loan P dugi
dang: k
I (k): B (ko) k_

0

Trong cong thdc trén, n. goi la
chi s6 pho tensor. D& tach duoc hai
loai nhiéu loan vé hudng va tensor
can nghién ctu hién tugng phan cuc.
Ty s6 tensor/vd huéng r = n/n, do
dugc tu BICEP2 la vao khoang 0,2
v6i do chinh xac 3o (hinh 2). Tri s6
nay dudng nhu I6n han so vdi cac di
liéu cla céac kinh vién vong Planck va
WMAP [5].

+0.07
r=0.20"

Xae suét

0 0.1 02 03 04 05

Ty s6 tensor/vé hudng

0.6

Hinh 2: xéc sudt cia ty sd tensor/vé hudng.
Theo két qué ctia nhém BICEP2
ty s6 nay la 0,2

SHD la nhiing vét nhan cltia khong
thgi gian. Nhiing dii liéu nay con cho
thdy méi lién quan sau xa giia cd

hoc lugng ti va ly thuyét tuong doi
téng quat. N&u hap dan khong dugc
lugng ti hoa thi lam phat khong tao
nén SHD, nha vét ly ngudi My Alan
Guth da phat biéu nhu vay. Nhiing
diéu ching ta chiing ki€n néi 1&n tinh
lugng tif cia hdp dan va ciing 1a Ian
dau tién chung ta muc kich dugc mot
ddu hiéu quan trong clia sy thong
nhat nay. Ngugi ding dau nhom
BICEP2 - GS John Kovac da khang
dinh: phat hién nhiing tin hiéu cta
SHD la myc tiéu quan trong nhat cla
vl tru hoc hién dai. SHD c¢6 phéan cuc
kiu B (B-mode). Chuing ta s& khong
thdy dugc SHD néu chi nghién cuiu
nhiét do ma phai nghién ctu hién
tugng phan cuc.

Khi lan truyén trong khong gian
thi SHD co nén khong gian theo mét
chiéu va kéo dan khong gian theo
mot chiéu khac, ca hai chiéu nay déu
thang géc Vvéi chiéu lan truyén cua
SHD. Hé qué 14 séng c6 dang xoén
nhu & hinh 3.

Hinh 3: sy tao thanh phan cuc mode B
ctia SHD

Ngu6i ta phan biét hai kiéu phan
cuc E va B (E-mode va B-mode) nhu
& hinh 3 va 4. Chi c6 SHD méi co
phan cyc kiéu B (thdu kinh hap dan
- gravitational lensing - ciing c6 thé
tao nén kiéu phan cuc B va c4c nha
thiic nghiém c6 phuong phép dé tach
riéng hién tugng néy) Nhin mot ban
do phan cuc ta sé thdy nhiing doan
thang trén bau trdi (hinh 4).

E-mode B-mode

Hinh 4: ban dé

| —_N o
-~ 7 / l phan cuc kiéu E
71\ I ~— vaB. Chi SHD
= > mdi cho ta phédn
| | N ~ cuc kiéu B
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Phan cuc kiéu B tao nén nhiing
doan thang xody (curl), con phan cuc
kiéu E chi tao nén nhiing doan thang
khong xody (grad). Nhém BICEP2 da
ghi do dugc cac ddu hiéu phan cuc
kiéu B clia SHD.

Két luan

Trong s0 cdc tac gia cla ly thuyét
lam phat va SHD, phai ké dén cac
nha vét ly My Alan Guth (dua ra
y tuéng vé lam phat lan dau tién
nam 1980), Andreas Albrecht, Paul
Steinhardt; cac nha véat ly Nga Alexei
Starobinsly va Andrei Linde; cac nha
vat Iy My ding dau nhém BICEP2 la
John Kovac, Clem Pryke, Chao-Lin
Kuo. Viéc nhém BICEP2 ghi do dudgc
nhiing déu hiéu phan cic kiéu B cla
SHD dugc danh gia la mét thanh tyu
quan trong trong vi tru hoc, khang
dinh lam phat vi try, sy hién hiu
clia SHD, su thong nhét gilia co hoc
lugng tf va hap dan. Theo y kién clia
nhiéu nha vat Iy uy tin nhu Stephen
Hawking, néu cac di liéu cla
BICEP2 dugc kiém nghiém chat ché
vé do chinh xac thi mot Giai Nobel
vat Iy s& ndm trong tam tay cla céc
tac gia trén &

CC bién dich
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