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CAU TRUC CUA VAT CHAT TOI: MOT BI AN CUA VU TRU
Dén nay nguoi ta van chua phét hién duoc vat chét t8i (VCT). VCT 1a mét thé gioi la, co thé 12 cA mét
vii tru chua nhiéu hat. VCT Ia mét cdu triic phic hop gdm nhiing nguyén tt, phén td t6i va tham chi
k&t hop véi nhau thanh ngan ha va cac thién ha khéc. Nhiéu thuc nghiém dang truy l1ung nhiing khu

vuc tdi (dark sector) do.

hu chung ta biét, vi

try gdbm 70% ndng

lugng t6i, 25% VCT

vl 5% vét chét théng
thudng (VCTT).

bang cac dinh luat vat Iy da biét dua
trén sé vat chét thdy dugc. Néu chi
c6 VCTT {(ma chung ta quan sat
dugc) thi dang ly Andromeda va
cac thién ha guay nhanh nhu thé

Hinh 1. viJ try = ndng luong 6i+ YOT + VOTT

Thién halang giéng Andromeda
clia chung ta da dit ra mét bi 4n
cho thién van hgc. Van tdc guay
I6n cla no khdng thé giai thich

khong thé t8n tai. Cac nha thién
van hoc cho réng, phai cé mét loai
VCT bao guanh cé kha ning gia
tang lyc hdp ddn mdi cho phép
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Andromeda va cac thién ha khac
quay nhanh nhu vay.

Nhd VCT ngudi ta co thé gidi
thich nhiéu khia canh cla vd tru
{chuyén dbéng nhanh cla cac
thién ha, sy phén b8 cla vét chét
khi ¢o hai cum thién ha va cham,
sy t8n tai cac lang kinh hdp dan -
hién tugng bé cong tia sang - cla
cac thién ha ndm & xa).

vat chit whi

Mac du ching ta khéng biét rd
thanh phan cua VCT song cling
bigt dugc médt s8 tinh chat ti cac
guan trac thu dugc do tac déng
VCT len VCTT va t cac mé hinh
dya trén Iyc hdp dan cia VCT. Vi
VCT khéng co tWwong tac dién
{hdp thy va buc xa dién t) cho
nén VCT phai la trung hoa vé dién.
VCT khéng co tudng tac manh
{ddn dén sy hinh thanh cac hat
nhan nguyén ti), néu khdng thi
ching ta da quan sat dugc tuong



tac VCT véi cac hat nang lugng
cao trong tia vi tru. VCT dudng
nhu cing khang c6 tudng tac yéu.
Su phan bd VCT 1a 8n dinh xét
trén kich ¢é thdi gian v tru, nhu
vay VCT phét sinh tir Big Bang.

M6t sé Iy thuyét VCT cho rang,
cac hat VCT c6 mét dai lugng bao
toan la s& chan 1& (parity). C6 2
loai VCT véi parity = - 1 va +1.
Vay VCT khong thé phan ra thanh
VCTT, vi néu ¢6 phan ra thi VCT
bién mat chi con VCTT cho nén
parity d6 khéng dudc bao toan.
Mat tng vién dat gia (tuy chua
ch&c chan) cho VCT la hat WIMP
(Weakly Interacting Massive
Particle). WIMP la nhiing hat cé
khéi lugng suy ra ti siéu déi xiing,
hat nhe nhat trong cac WIMP 1a
neutralino. P& tim WIMP can cé
nhiét doé thap va cac detector dat
sau trong long dat nham tranh
cac tucng tac khac vdi tia vi tru.
Song dén nay ngudi ta van chua
thu duge két qud nao vé WIMP.

Ngudi ta gid dinh réng coé
nhiéu loai VCT va cé nhiéu loai
tuong tac trong VCT. Céc hat
VCT tudng tac vdi nhau va cam
thy duge mét Iuec gitia ching ma
VCTT khéng biét dén. Nhiing hat
nay co thé mang moét “loai dién
tich” c¢6 kha nang hat hoac day,
trong khi ban than VCT Ia trung
héa vé dién tich. Tuong ty nhu
trong VCTT cac dién tich c6 thé
buc xa phoeton thi trong khu vuc
VCT cac hat mang dién tich téi
ciing ¢c6 thé buc xa photon t&i
(dark photon). Bay I& di nhién
khéng phai 1a photon anh sang,
nhung chung tucng tac véi dién
tich t8i gidng nhu photon tudng
tac vai dién tich thong thudng.

Co thé nghi rang thé gidi t6i
gidng nhu moét thé gidi gudng
clia ching ta. Trong thé gidi do
nguyén ti t6i buc xa photon t6i
vGi xac suat tuong tu VCTT bie
xa photon. Trong VCTT su buc
xa photon cho phép nang lugng
thay d&i va d6 1a ly do cac thién
ha trong qua trinh tién trién co vé
nhiing cau tric hinh dia. Nhiing
khé&i khi trong ldng thién ha vi
biic xa dién tU ma co cum lai vdi
nhau. Su bdo toan momen goéc
khéng cho phép vat chat co vé
mot diém, song co thé dé dang
bién thanh mét cau truc dang dia.
Né&u nhiing diéu nhu thé ciing xay
ra véi VCT thi buic xa photon t6i
ciing s& dan dén su hinh thanh
nhiing cau trac dia.

Mat khac chung talai biét rAng,
su phan b cha phan lén VCT
can thiét cho viéc giai thich su
hinh thanh cac thién ha 1a phai cé
dang nhiing dam may hinh cau.
Nhu vay, vi sy tén tai cac dang
dam may ma VCT khoéng hoan
toan la anh xa guong ctia VCTT
vé mat hinh hoc. C6 kha nang
chi mét phadn nhd VCT vé maét
hinh hoe ¢6 cdu trice tuong ty nhu
VCTT. Trong khi d6 phan Ién VCT
hanh xir nhu nhiing dam may hat
WIMP. Ciing co6 thé dién tich toi
nhé hon dién tich théng thudng,
didu nay dan dén mot blic xa han
ché& clia cac photon t8i. Cac nha
ly thuyét dua ra nhiéu y tudng vé
hat va luc trong dia hat VCT. Mét
kich ban don gian la kich ban 2
loai VCT.

Photon toi

Hay hinh dung moét thé gidi téi
trong do co 2 loai dién tich t8i (+
va -}, vay ching ta sé ¢6 md hinh
cua dién tu t6i va VCT sé buic xa
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va hép thu photon t&i. Trong mo
hinh nay cac hat VCT vdi dién tich
khac nhau c6 thé hily nhau thanh
photon t8i. Ching ta cé thé cé vai
két luan vé cudng dé cha luc dién
tir t6i bang cach xét xem luc do
da tac dong Ién cac thién ha nhu
thé nao.

Xin nhéc lai rAng, cac thién ha
¢6 dang dia vi hién tugng dién tu
gay nén buc xa lam bién déi nang
lugng va tii d6 vat chat mat nang
lugng va bién thanh dang dia. Vi
chung ta biét rang, ban dau VCT
phan b& dang hinh cdu xung
guanh cac thién ha va phan Ién
VCT khéng co thanh dang dia
cho nén chung ta két luan rang
VCT it mat nang lugng vi biic xa
photon téi.

Trong mbt nghién clu nam
2009, cac tac gia Lotty A. Mathew,
R.Buckley, Sean M. Carroll va M.
Kamionkowsli (Vién Coéng nghé
California) da chung minh rang
gia tri dién tich t6i phai la nho
khoang 1% tri gia dién tich théng
thudng.

Thién ha ti

Ta xét mé hinh VCT vdi hai loai
dién tich t8i va c6 biic xa photon
t6i (thuc t& mé hinh nay qua don
gian dé mo tad VCTT). Ton ftai
nhiéu ly thuyét véi 2 hoac nhiéu
hon cac loai hat tGi. Nam 2013,
cac tac gia Jiji Fan, Andrey Katz,
Lisa Randall va Matthew Reece
(Pai hoc Harvard) da dua ra md
hinh chija thanh phan ty tudng
tac. Theo d¢, phén I6n VCT dudc
hinh thanh bdi cac hat WIMP,
thanh phan coén lai gbm 2 I&p
hat fermion: mét nang (kiéu nhu
proton, neutron), mét nhe (kiéu
nhu electron, positron), ca hai

KN 39
o 1 1 ERANEE i o



NHIN RA THE GIOI

déu mang dién tich t6i.

Vi céac fermion t6i mang dién
tich cho nén chung buc xa photon
t6i va ¢6 thé bj hat 1&n nhau. Tuy
theo khdi lugng va dién tich cla
cac fermion t6i chiing cé thé két
hgp thanh nguyén ti t6i, phan
tr t6i va nhiéu cdu tric phic tap
khac. T ddy hinh thanh mén héa
hoc t6i (dark chemistry). Ciing
trong md hinh do, ngdn ha sé
gbm mét dam may hinh cdu cla
cac hat tya WIMP boc quanh 2
dia det: moét dia la cac canh tay
xoan (spiral arm) cla VCTT ma
chung ta thdy dudc, con dia kia la
VCT. Hai dia khéng nhét thiét phai
nd&m song song vdi nhau ma c¢o
thé lam thanh mét géc. Trong mé
hinh nay, cac thién ha VCT tén tai
trong cung mét vung khdng gian
vGi cac thién ha VCTT.

Tom luge cac thanh phan ciia vat chit
0]

Sau nhiéu nam truy lung VCT
ngudi ta nhan thdy VCT rat phic
tap chu khong don gién l1a tp cla
moét hat chua bigt nao do. VCT ¢6
thé gém nhiéu loai, nhiéu dang.
Cé thé t6n tai nhidu loai luc tac
dong Ién VCT (cac loai luc nay co
thé khong t6n tai trong VCTT).

Hinh 2: VCT va VCTT

AP CHl

Trén hinh 2: chG Am6ta VCTT
baryonic (VCTT gbém chinh la cac
baryon: proton va neutron); chii B
mé ta cac neutrino. Con cac sé 1,
2, 3, 4, 5 md ta cac thanh phan
cla VCT

Sau day ta sé di sau vao cac
thanh phan mo ta VCT:

1) Thanh phan néng (hot): ton
tai mét thanh phan nhé VCT ¢6
chuyén déng nhanh;

2) Thanh phan lanh (cold):
95% VCT gém nhiing hat chuyén
déng cham, thanh phan nay tac
déng dén cac thién ha va sy phan
b6 vat chét trong vii try;

3) Thanh phan khéng ty tuong
tac  (nonself-interacting) gém
chinh y&u cac hat WIMP, cac hat
nay hau nhu khéng tuong tac vdi
chinh n6é va vGi VCTT. Thanh
phén nay tén tai dudi dang nhiing
may hinh cdu va nhiing hinh cau
nay bang lyc hdp dan cla minh
lam quy ty VCTT baryonic dé&
hinh thanh nhing thién ha hién
nay ma chung ta quan sét dugc
(hinh 3).
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n ha vat chat baryonic

!

May hinh cau WIMP

Hinh 3: nhiing dam may WIMP
quanh cdc thién ha baryonic

4) Thanh phén ty tudng tac
(self-interacting). N&éu VCT ty
tuong tac v6i chinh n6é tat nhién
phai tén tai mot luc t6i (luc nay
khong ton tai trong VCTT). Luc
nay phai la mét dang nhu dién tu
trong VCTT, n6 d&n dé&n kha nang
tén tai nhitng hat VCT ¢6 dién tich
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t6i (+) va (-) tuong tac vsi nhau
nhd trao ddi nhiing photon t&i.
Nhiing hat t6i nang c6 thé két
hop véi nhiing hat t6i nhe dé hinh
thanh nhiing nguyén td t6i. Va
thanh phén ty tudng tac nay cé
thé c6 dang nhiing c&u tric hinh
dia trong thién ha va nam chéng
I&n cac dia canh tay xoan cla vat
chat baryonic (hinh 4).

Hinh 4: thanh phén tu tuong tac ¢6 dang
nhiing céu tric hinh dia va ndm chéng Ién
céc dia canh tay xodn cta VCTT

5) Thanh phéan song ngéu
(Dual component) VCT cé thé
tron 1an 2 loai hat lanh 14 WIMP
(khéng ty tuong tac) va thanh
phén ty tuong tac. Diéu nay dan
dén sy hinh thanh mot t6 hgp
gdm dam may WIMP hinh céu
boc ngoai cac thién ha va mét dia
cac hat ty tuéng tac (hinh 5).

en ha vat chat baryonic T Bia vat chat t

Hinh 5: mdy WIMP + VCTT baryonic + dia VCT

Cac dia VCT c6 thé ndm
ché&nh chéch so v6i phdn VCTT
baryonic, lam vd&i thién ha mét
go6c nao do (hinh 6).



Hirh 8. vi trf tidng d&i ciia dia VO T va VCTT

Nhiing trlén vong thuc nghlém

Céac nha kheca hgec truy tim
VCT st dung phudng phap nhu
khi di tim hat WIMP: nhd nhiing
detector sidu nhay dat s&u dudi
m#t dét. Céc nha vat ly cling hy
vong tim thiy VCT trén céc may
gia t8c. Vi khéng bigt 8 tugng
tac cla VCT véi VCTT (ngoai
trr tugng tdc hép dén) nén céc
nha v&t Iy phéi thuc hign nhidu
chugng trinh tim kiém. Phé fim
kigm quét tr céac hat WIMP dén
cée sector VGT phic tap. Ho phéi
gid dinh réng, VCT tuong tac véi
VCTT théng qua mét luc {(hay
nhidu lue) méi I6n hon lue hip
dén song cing rat nhd, vivay dén
nay ching ta chua quan séat duge,
Gié dinh nay quan trong, luc nay
phéi khéac vdi lue ki€u théng qua
dign tich ma VCT tudng tac vdi
chinh né.

May LHC tai CERN c6 kha
ning trong cac tim kiém VCT.
Song vi tugng tac gilta VCT va
VGTT chua bigt rd nén ciing kho
khén khi st dung céc detector
VCTT dé kho sat VCT. Cho nén
xuft hign ¥ tudng tim ¥GT trong
nhing va cham c¢é hién tugng
thigu hut n&ng lugng. Vi duy khi hai

proton va cham vé tao ndn mot 8
hat VCTT v& mdt phia va céae hat
VCT vé phia khéc, Vay cén khéo
sat na&ng lugng tr mét phia vdi
phén khéng co6 gi (VCT) cda phia
kia. Song hign nay ngudi ta vin
chua thu duge tin higu gi nhu véy.
Ngugi ta hy vong vdi LHC néng
cép (ning lugng cao hdn) sé co
thé tim duge diéu gi do.

Ciing ¢é nhiéu y tudng tim VGT
dé&c bigt riéng cho khu vuc VCT
phie tap {(nhéd réng ta co WIMP +
sector VCT phuc tap): tim photon
t8i. Tén tai mdt 88 mod hinh ly
thuy&t gi& dinh réng photon t8i
¢é thé bign thanh photon théng
thuging nhd nhiing quy luét cda
Cd hoc lugng . Mot 88 md hinh
lai cho ring photon t8i cé khéi
lugng khéc khéng. N&u photon
t8i c6 khéi lugng thi nd cé thé
phén ré thanh nhiing hat c6 khai
lugng nhd hgn. Song vi photon t8i
¢6 thé bign thanh photon théng
thudéng cho nén ta s& cd mot cap
electron-positron hofic mét cap
muon-antimuon. Cé nhing cg s§
thue hign vige tim nhiing phén (ng
dé: LHG, KLCE-2 (Vign Frascati,
Y), HPS (Heavy photon Search)
- May gia t8c qude gia Newport
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News, BaBar detector tai SLAGC,
Farmilab tai Batavia...

Ngodira céc nha khoa hoc cén
tim nhitng déu higu thién van cha
VCT trong céc va cham céc thién
h&. Trong nhilng kich b&n nhu
véy khi VCT tir mdt thign ha nay
dap manh vao VCT cia thidn ha
kia, céc hat c6 thé tuong tac vdi
nhau nhd trao déi cdc photon t6i.
Trude day nhiing quan tréc trong
cum thign ha Abell 3827 cho thiy
tén tai khé& néng ndu trén,

Vén con d@o bi n vé YCT

Nhu chung ta bigt trong kich
et I6n sy ph&n bd cha VCTT
khéng phi hgp 1Am véi cae dinh
ludt vat Iy, Vi didu dé ma céc nha
vat Iy tin twdng vao su 16n tai cha
VCT Song VCT la vét chét dang
thie nao thi hién nay chua bigt
tugng tdn duge. Nhidu md hinh
xuit hign dé thu hep khoéng céch
gita ly thuyét v& cde quan tréc.
R&t ¢6 thé mot nha thign van cha
thé gidi VGT ciing dang quan sét
béu tréi va ciing ngac nhién vi thé
gidi VCTT cda chang ta =
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