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V@ trD cé bln, cé t6i, c6 rO0u chat, co tra tau,

c6 ban phim ta dang dung, man hinh tri0c mit ta, va rit nhilu th0 phO thulc khéc... Nhi ng
t0ng quan, thi va trl chi cé sau thanh t0:

- VOt chitthéng thO0ng clu tlo bli nhng phan td, nguyén 0, didn t0... nhD chudng ta hing
quen thul ¢ (4%).

- ROid0n anh sang, vila la hit (quang t0), v a la séng, vii nhiing t0n sO trdi dai t0 séng radio,
qua tia hi ng ngoli, ri anh sang thy di 0 c, tia cl ¢ tim, tia X, cho d0 n tia gamma, mang nhil u
nang lI00ng nhit.

- MOt thanh t0 it d00c ching ta quan tam la hit neutrinos, mOt lodi hOt r0t khd do tim.

- Thit ra, hai thanh t0 dOi dao nhit trong va tr0 I0i ch 1a nhi ng gill d0nh: d6 la vt chOt den (21
%) va nang I00ng t0i (75 %).

- Sau hit, d0 cé th0 mé t0 va trd, chung ta cdn cho n6é mit cOu trac hinh thi.

VOt chOt thong thiOng

Con dilicgdilavitchit « baryonique », dili khai bao gim t0t cl vitchdt ma ching ta cim
nhin di0c bl ng giac quan, ki cO céc vi sao, thién ha v.v... VOt chit loli nay chl chil m kholl ng
4 % cOatoan thd va tr0. Trung binh vi tr0 chl ¢cé mOtdOOng t0 (proton) trong bl n thOOc khii,
t0c mOtt0 tring vé cung thIp hin « chan khéng » ma ki thult c6 thD t0o ra dilc.
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Chung ta chll quan sat dillc mOt phOn nhd cla vOt chitthéng thiOng, nén cau hii dltralalam
sao tinh diictl tring (mOtdl) cla n6? Co hai cach : mitladiatrén kit qud cla sO clu thanh
cac nhan nguyén ti trong thii gian t0 mOt gidy d0 n ba phat sau Big Bang. Khi 0y, nhil't d0
xullng diCi 110 d0, cho phép dilngtl (proton) va trung hoa td (neutron) kOt h0 p thanh cac
nhan deuterium, helium va lithium, t0 ¢ nhing hit nhan dlu tién. SO 100 ng cac hda chit nay, do
t0 quang phU (spectre) cla cac thién ha 0 xa, cho bilt mit dl protons va neutrons nguyén thiy,
rlimot dl « vOtchOtthdéng thiOng ».

Cach thD haidliatrén nin anh sang cla va tr0. SO la vao kholl ng 380 ngan nam sau Big Bang,
khi diln t0 sat nhll p vao cac nhan (protons + neutrons) di t0 o thanh nhi ng nguyén t0, thi cac
quang t0 (photons) bt dlu cé thD thoat dilc ra khii trl ng thai h0 n nguyén luc ban dlu va cho
ra hinh Dnh d0u tién c0a va trl. NOn anh sang 0y ¢6 nhi ng gia gitm clc nhi (khodng 1/100
000 d0), phUn Onh cOu trdc vitchOtcla va trl vao tuli 380 000 nam. DO a trén cac ylu tl Oy,
nglOitatinhraddlc mOtdl cla vitchOtthong thiOng. Vil c hai cach tinh cho ra nhiing k't qul
t00ng dl ng, vOi sai s khdng trén vai phin tram, di0c coi nh0 mOt thOng I0i dang kO cOa v trd
hUc culithd kO 20.

NOn anh sang cla va tr0

Anh sang

V@ tr0 chan hoa anh sang. CO mOt diOng t0 (proton) thi cé 1,510 quang t0 (photons). DO u tién
la « nOn anh sang » phat ra t0 380 ngan nam sau Big Bang, rli din dl IoCi tia sang, dem I0i cho
chung ta nhilng hinh Onh cla cac sO vit, t0 sO vOt thdng thO0ng quanh ta, cho din céac vi sao,
thién ha, va c 10 den. Thi dd nh0 tia X d00c phat ra t0 nhd ng ngdi sao neutrons, « sao lun
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tring », I0 den ...

Thitra « n0n &nh sang » chilm 95 % anh sang cla v trl. Lam sao bilt di0c né diin t0 380
ngan nam sau Big Bang ? C6 nhilu phO 0 ng phap, nhi ng mOt bl ng ching thi0ng dilc nhic
dinla sO quén binh nhi0tI00ng vOivOtchit di cung viino (tinh t0 quang ph). Va trd sau giai
doln phat ra « nln anh sang » da gian nd ra rdt nhilu, nén vt chit tr0 thanh qué thla thit dl
anh sang cé th quan binh nang I00ng vOi vt chitOy. Vithd, « nOn anh sang » b0t bull ¢ phUi
dintl mOtqua khd xa xOa, khimOtdl vitchlOtcon dl cao, vOlOttrén mitmic dl nao dé.

HOt Neutrinos

PhOn I0n neutrinos din t0 thOi didm 10-35 gidy sau Big Bang, khi nhilt d0 cla vd tr0 con cao
hin 1010 d0 (mOt phOn nhd d0n t0 sO bung nO cla cac ngdi sao supernovae sau nay). Vao luc
Oy, c0 mOi4 quang t0, thi ngd0i ta cé 9 neutrinos (hay anti neutrino). Trén ly thuyOt, co mit «

nd n neutrino » phat ra vao kholl ng 1 gidy sau Big Bang, khi cac nhan nguyén t0 khii sO cOu
thanh. NOu « nhin » ra d00c « n0n neutrinos » 0y thi ngd0ita sU c6 mdt hinh O0nh c0a vi trd chl
mOt gidy sau Big Bang ! Pay la mit trong nhing nO I0c c0a va tr0 hOc hiln doi.

Neutrino khéng c6 dilin I0c va khii l00ng cla né rt nhi, nén it tac ding vOi cac hit khac, khiln
vilc do tim né vé cung khé khan. Thi'm chi sO hiln hOu cla né chD la mOt gil thuyOt trong sult
36 nam, t0 1930, khi d00c Pauli d0 ngh0 d0 quéan binh phi0ng trinh phong x0 béta, cho dlin
1956, khi neutrino thd ¢ s di0c chdng nghilm bli Reines va Cowan. Quan sat dilic si hiln
hiu cla neutrino ctng la mdt thing I0i quan tring c0a vitly va v trl hic.

Vit chltden

NgOOc IDi vOinhOng gi vila dii0c trinh bay, viit chOt den va nang 100 ng t0i dem chung ta vao
lanh v c cla gil dinh. TO 1930, Zwicky nhin thOy khOi 00 ng cOa cac thién ha cao hin khii
I00Nng cla cac vi sao clu thanh chung, va dl ra gil thuydt mOt phOn vOtchitclOa cac thién ha
khong phat ra blt c0 mOt tin hiDu nao cho phép chung ta cé thD nhOn bilt né. Gil thuyOt0Oy
dilc glila « vOtchOtden ».
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Té&c ding duy nhit cla vt chOt nay trén cac vt thO quanh né la I0c hip din. Cac thién ha phli
co mitkhOil00Ong nao dé thi miicd dl I0c hDp dindl mang hinh thai ma chang ta nhin thly.
NOu khOilDOng Oy kém hin, thi l0c hOp di n cting gil m di, va thién ha s khéng thD nao hil n
hOu, vi cac ngbi sao va khii hii cla n6 sl khéng dl « slc hut » dJ « 0 chung » vi nhau, ma sl
tan tac ra, mii thanh phOn di vl mOt phia.

MORMAL
B
¥ MATTER

« NOn anh sang cla v trl » ctng cho ta bl ng chiing vO sl hiln hfu cla vitchOtden. NhlD da
noéi 0 trén, n0n anh sang phat ra t0 380 000 nam sau Big Bang nay c6 nhi ng gia gil m nhidt a0
r0t nhO nhOng d0 d0 cho bilt mOtd0 vOtchOtO mOtsO dilm c6 hiicao hin 0 nhing dil m khac
mOt chat. NhOng diim c6 nhilu vOt chdt hin s cho ra cac vi sao, thién ha, va nhém thién ha
sau nay, do l0c hlp dinkhidn vitchOtkOttd I0i. Khi v tr0 gian nO, thi cac hit vOt chit cang luc
cang xa nhau, va mit dl vOt chit ctng gil m di theo cung mitt0 10. NOu chO tinh trén « vOt chOt
théng thiOng », thi sO gia gilm mOt dd t0 0,001 % vao 380 000 nam sau Big bang, sU khong

thO 1én qua 1 % trong vi tr0 ngay nay. Trong thi ¢ t0, con sl nay cao hin giip nhilu chdc I0n,
khi'n gil thuyOt « vt chOt den » tr0 thanh cl n thi0t.

Cai gi cu thanh vt chOt den ? MOt trong nhOng nO 10c hidn nay cla va tr hO c nhdm vao villc
nghién cu mOt lo0i hOt gdila Wimp (Weak Interaction Massive Particle), nhd mOt0ng vién t0t
vao hang ngl « vt chOt den ». Chung khéng th0 thly d00c, vi khéng phéat ra blt cl tin hilu
nao, nén ngllita chl cé ba c4ch dl tim ra chung :

1) Khi hai wimp dil ng nhau, ching t0 hOy va cho ra @m di0n t0 (electrons), di0ng diln t0
(positrons) va neutrinos. Mt quang phi kU (spectrometre) dilc dd tru dit trén Trom Khéng
Gian Qulc TO d0 do tim cac positrons, trong khi cac thi nghil m « super Kamiokande » (NhOt)
va IceCube (Nam COc) do I00ng hdt neutrino.
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2) VOt chit den, trong d6 c6 hit wimp, khdng ngd ng xuyén qua dia clu. MOt t0 wimp hil n dang
xuyén qua ngl0i bl n trong luc bl n dang dl c bai nay. Mdt sO clc hil m wimp c6 thd dIng vao
mOt nh&n nguyén t0 va lam cho n6 di dl ng mit chat. NhiD u thi nghillm hil n dang t0p trung vao
phln 0ng nay, sau khi lam |0 nh cac nguyén t0 di0c quan sat dd gilm thilu sO ding dly binh
th0 0 ng cl a chang (thi nghid m Cogent va Dama, rdi Xenon, Majorana ... s0 ding céac kO thult
ngay mit tan tidn hin).

3) Ng0i ta cling c6 thl t0o ra cac wimp. Theo vt ly I00ng t0 thi mOt biln ¢ xOy ra theo chiCu
nay cing cé thi x0y theo chilu khac. Trong LHC (Large Hadron Collider) dUt t0i Genéve, ngili
ta b0 n nhng hUt théng thI 0 ng vao nhau, rdi quan sat phi0ng trinh nang I00ng va v n chuyln
cla nhing gi hiln ra sau d6. NOu phi0ng trinh nay khéng quéan binh, thi ngili ta cé th0 kOt

lud n la minh da t0o ra nh ng hi't khong t00 ng tdc vii cac may do tim, t0 ¢ khéng thd « nhin thly
», nh0 hOtwimp ...

Ngoai ba lolli thi nghil m t0 p trung vao cac wimp nay, ngil Ui ta cting cé thl quan sat mit sl biln
cO x0y ratrong va trl d0 « thOy » di0c nhIng Onh hDOng gian tilp cla vOt chit den. Thi dl nhQ
nhom thién ha Boulet, cllu thanh bli sO va chim gil a hai nhém thién ha, cho ra nhi ng tia X, k't
qul cla vOtchitthéng thDUng ding vao nhau (0 day la cac khili hii). C4c tia X nay cho bil't v0
tri c0a cac khii hii dang va chOm, va ngdli ta c6 th0 quan sat mit cach gian tilp sO hion diln
clavltchitden viné lam thay dli hinh ding cla cac nguln tia X, do lI0c hlp din cla nd.

MOt gi0 thuyOt tha vO quanh vit chit den la sO hiln hOu cla cac thién ha, ngbi sao, hanh tinh «
den », va, t0i sao khéng, c6 thl c¢é cl nhing con nglli « den » trén cac « hanh tinh den » 0,
dang nghién clu chung ta nhil nhilng « vt chOt den » cla hd ! ThOm chi hD ¢é thD dang di
ngang qua than thi chang ta, ma chung ta khéng hi hay bilt ... Gil thuylt nay di0cdiaralin
dlu tién bli hai nha Nobel vi't ly Lee Tsung Dao va Yang Chen Ning, nam 1956. M c du cac
kiDn thO c gdn day cho bilt gi0 thuylt Oy kho la mOt hiln thOc, ngO0ita vin nght vt chOt den co
thD chOa ding r0t nhilu ngd c nhién kO thd, sO d00c kham phé ra trong t00 ng lai.

Vivitchitden vin dilc coi nhi mOt gil thuyOt, ngd0ita cé thD dit cau hii: cé gil thuylt nao
khac clt nghia di0c s hinh thanh va di ng thai cl a cac thién ha cting nhi ngbi sao, ma khéng
cOndinvOdtchitden hay khéng ? Cau trl I0ila c6. Trong tri0ng hlp 0y ngl0ita phUi gil d0nh
mOt chuyl n khac, phic tp hOn rIt nhilu, la sO thay dlitinh chOt cla Il c hIp din trong mOt sO
dif u kil n nao d6. VOt ly hi ¢ luén kham pha ra nhilng ding thic mii cOa vt chOt, nén vil ¢ gil
dinh mdtding vitchitchOa dblc thdc nghilm, ré rang la dd hinh dung hi'n quan nid m sO thay
diiclacl mitdinhluDtvitly.
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Nang I00ng t0i

Nang I00ng t0i chiim ba phin t0 va tr0. SO hiln hOu c0a n6 ctng la mOt gil d0 nh. Nhil u quan
sat cho thdy sl gil dinh nay la cin thilt:

- Einstein, vao nam 1916 da nght rIng v trl khéng th0 hiln h0u n0u khéng c6 mit I0c phéan ly
nao dé quéan binh dilc I0c hOp din. Né khil' n cho cac cllu trac vt chit d00 ¢ kéo xa nhau ra dll
khéng « rli » vao nhau. Hubble, nam 1920 nhin thOy v{ tr0 khéng ¢l dl nh nhd Einstein nght,
ma khéng ngng gian ni. Cung luc, Friedman va Lemaitre (mOt linh mO¢!) chl ng minh rdng
thuyOttiOng dUi da tién liu sO gidan n0 cla v tr0. ROit0 1998, ngl Ui ta bilt khdng nhi ng va tr0
gidn n0 ma doi gian n cla nd cang ngay cang gia tang. Nang 100 ng t0i dem I0i « sOc hat » cn
thiDt d0 cOt nghta hidn t00ng gia tang gian nd nay (*).

- TO nOn anh sang cla va trl, ngl0i ta tinh ra la tuli c0a va trd nhD hn 10 t0 nam, trong khi co
mOt sO ngdi sao gia hin s nam 0y ! Gil thuylt nang I00ng t0i gili quyldt di0c nghUch ly nay
(tubithOtcOava trd 1a 13,7 t0 nam).

- B0 xa cla cac thién ha cho bilt thién haly dic tho ra bao gil. NgiOi ta nh n thOy v{ tr0
cang ngay cang lam ra it thién ha h0 n trong qua kh. Quan sat nay di0c gili thich bdi nang
I00ng t0i. ThOtvOy, nang I00Nng t0i lam cho sO gidn nO cla vd tr0 cang ngay cang gia tang, khidn
vt chOt cang ngay cang xa nhau ra va cang khé kit t0 10i d0 cho ra cac vi sao va thién ha.

V0Ot ly I00ng t0 cho bilt chan khéng c6 mit nang 100 ng, va ngllita da nghi nang I00ng cla
chan khéng, chinh la nang I00ng t0i. Tuy nhién, nang I00ng cla chan khéng cao hiin con sl
nang I00ng t0idi0c 00c tinh r0t nhilu (khoO ng 60 I0n), gady nén mit kho khan hiln vin chla
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diOc giliquydt. NOu nang I00ng t0i qua cao (thi d0 bl ng nang 100 ng chan khdng), thi s ¢ hat
cla no sb khiln va trd gian n0 qua nhanh, vOt chit sO khéng c6 thli gian d0 kOt 10 I0i, cac vi

sao va thién ha khéng thi nly sinh, va chinh ching ta cling nh mii sO siing sU khéng hiln hOu
!

NhiDu gil thuyOt tim cach gili thich hiDn t00ng gia tang t0c dl gian n cla va tr0 ma khong cln
din nang I00ng t0i. MOt trong nhi ng gil thuyOt Oy cho ring d0 gidan nO cOa va trl khéng dlng
nhOt, vi mOt a0 cla va tr0 khéng diing nhit. B0 gian n0 sO cao hin trong nh ng vung cé mit d0
thOp (villc hIp dinclavOtchiOtkém hin). Theo gil thuylt nay thi chang ta dang sling 0 trung
tam cla mit vung co mdt dd vOtchOtrdt thD p hO n cac vung khac, mit vung « trlng khdng ».

MO c du n6 phl dinh vilc v trd ¢c6 mit mit dd d0ng nhit, gid thuydt v a n6i vO n khéng phi
dlnh quan sat c0 bn clavatr0 hIcdlatrén « ndn &nh sang ». ThitvOy, t0 trung tdm cla mOt
vung tring ring nhin v mdi phia, ngO0ita c6 thd ¢6 cOm t00ng rdng va tr0 d0ng nhit.

MOt ly thuyOt t00ng t0 khéc, gil dinh sO hiln hOu cla nhilu vung « trlng khdng » ¢6 thl dem
I0i cOm t00ng sO giédn nO cla va tr lubn gia tang. Cac gil thuylt nay phu hOp vOi mdt mé hinh
toan hic dia trén phi0ng trinh cla thuyltt00ng dli, di0c d0 ra bli Linh MO ¢ Lemaitre va cac
nha va trd hic Toldman va Bondi. Tuy nhién, viiln d0 1a ching minh d00c sO hidn hJu cla

nhO ng vung tring khéng 0y. MOt sU quan sat da dilc céng b0, mit vai phi0ng trinh mOi da
dilc dd nghO, nhi ng chCa gili phap nao dl tinh thuylt phlc. Trong mOt t00ng lai gdn, cac
chi0ng trinh Supernova Legacy Survey sl nghién cl u anh sang cll a nhill u tram supernova phl
trdi (*), cung vOi chi 0 ng trinh Joint Dark Energy Mission, nghién clu ti0 n trinh gidn n0 cla vi
tr0. VO tinh Plank cling sU khi o sat n0n &nh sang cla va trd vOinhilu chi tilt hOn, va, vao nam
2020, vil n v ng kinh SKA, sl d0 ng séng radio, s dem I0i mOt thd ng ké cac thién ha bao quét
chiatlng c6. NgdlitasO biltdiOc va trl cé thD ¢ cac vung trlng khdng vi dUi hay khéng, va
gil thuyOt nang I00ng t0i c6 phli di0c duy tri hay khong ?

CUOu truc hinh tho

MOt t6 phO khéng thd chl cé banh phU, n00c dung, thi't, hanh, rau thim, t00ng tau, t00ng Ot ...
ma con cln mit yOu td vo cung quan tring. DBé la cai té! Va trl cing thi. Hinh thai cl a v tr0
lién h0 dln cac thanh t0 cOu thanh n6 va dl gi&n nl cla nd. Phi0ng trinh Friedmann gl n li0n
hing s Hubble (40 gian n0) vOimitdl vOtchit (t0 trlng), va dl cong cla vi tr0, t0 ¢ ddng thai
hinh hi c cla né, cé thl tinh di0c t0 nOn &anh sang. Ngl Ui ta clng tim cach thi m dl nh xem
phi0ng trinh Pythagore c6 dd0c kil m chi ng trén mit khol ng cach cOc I0n hay khéng ? NGi
cach khac ngliUi ta ndi ba thién ha 0 r0t xa nhau bl ng nhl ng d00ng thd ng va nhin xem t0ng sO
di clatam giac 0y bl ng, hay nhi hi'n, hoOc I0n hOn 180 d0. Cac kit qul ddu cho bilt va trl
ginnhd mdtmOdtphdng (3 géc cla tam giac vla ki cOng I0i b0ng 180°). Tuy nhién, cling nhQ
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con ngdOithDix0a da nght trdi dit la mOt mOt phOng (vi chl quan sat dd0c mOt phOn nhd cOa
dla clu), kOt luOn nay vin chd diCc coinhd t0m thOi.

KOt

SO hiCu bidt vO va trd hidn vOn con rdt phéi thai. Khol ng 95% thanh t0 cla v trl vOn con chla
di0c khdam pha. TOm thOi, nhilu gil thuyOtdiDc d0 ra di cOt nghta mit sO quan sat, trong khi
chl nh0ng quan sat khac. C6 nhing gil thuylt quy dinh sO hi0n hOu cla con ngd0i, nh0 sO
I00ng vOt chittli. Chang la nhiing tion d0 cla mit suy ludn trift hOc gdi la « nguyén t0 ¢ nhan
hil n » (principe anthropique). C6 phli va trl da chin gili phap nay thay vi gili phap khac, chl
dl cho chung ta hitn hDu ? Bilu chic chinla n0u mOt gili phdp khac di0c chlin I0a, thi sO
khéng ¢ mit sinh vit nao cé mit dl néulén cau hlily !

MOt vO n nOn khac ctng rit khé tranh, la : difu gi da quy dinh s chOnl0aly ?

Nguyl n Hoai Van
17 thang 7 nam 2011

(*) Cac supernova loli la cé mOt dl sang cl diinh, chd ID thulc khol ng cach. MOt khac, khi mit
thién thl 0 xa phat ra mit tia sang, thi trong thli gian tia sdng 0y bay dl n chung ta, va trl da
gian nd, khio n séng cl a tia sang kia bl kéo dai ra, lam cho né thién v phia mau di (mau di cé
lan s6ng dai nhit trong cac mau). Bilt di0c quang phl (spectre) cla mit vai héa chlt quen
thulc, nghDita do I00ng s chuyln ddch vi phia mau di c0a nhi ng quang phi Oy khidii0c
phat ra bli m0t supernova chiing hin, r0i, viii hOng sO Hubble, ngl Ui ta tinh khol ng cach cla
supernova 0y. Vi cach tinh nay, ngii ta nhin thOy cac supernova la cé dl sang kém hin dd
lilu. TOc la chung n0m 0 xa hO n khol ng cach ma ngl0i ta chd dii. Noi cach khac, vi trl da
gian ni vii mitt0c dl nhanh hO'n. SO gia tang t0c d0 gidn n0 nay dila din gil thuylt nang
I00ng tOi.
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