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MOT SO VAN PE CUA VAT LY
QUARK-GLUON PLASMA VA
LY THUYET BAN HIEN TUONG LUAN
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Vién KHKT Hat nhén,
Vién Ndng lugng nguyén td Viét Nam

& nhiét 43 cao ch&t hat nhan tr& thinh plasma dwgc tao bdi cdc nucleon, céc quark vi
khi dé twong téc yéu. Plasma ndy dwgce goi 13 quark- gluon plasma (QGP) vi c6 nhiéu nét
véi plasma dién tir dwoc tao bdi céc electron, positron, photon (1, 2].

V4t I quark- gluon plasma 13 mét ngadnh méi cda vt Iy hé nhiéu hat lién quan chit ch
vit 1y hat nhén, vit Iy thién vin v3 vii tru hoc. Vé bdn chit quark-gluon plasma 13 mét
dX%c biét cda vit chit c6 thé da ton tai trong nhirng giai doan d3u cda vil tru vi ton tai thir
ngdy nay & mdt dang rit d¥c biét nhw chit den va chit quark la trong ldng c4c sao neutrag
4, 5|. D@ gidi thich 1y thuyét sy tdn tai cda mdt dang vét chit khong nhin thiy trong vi try
phdi c6 mét ly thuyét thich hop.

Hig¢n nay linh vyc quark-gluon plasma dang phét tri€n véi tdc d§ nhanh chéng vi dy
nhirng théch thérc cd vE 1§ thuy&t 13n thyc nghiém [6, 7). Nhimg 8 ging thuc nghiém nhin
ra vA quan st quark-'gluon plasma (mét trong nhitng muc dfch chd yé&u cda cic thf nghién
n¥ng siéu twong 48i) dang dwgc tién hinh & CERN. Brookhaven. Fermilab [8]. Cé th& nq
xufit hién cda cdc ch€ 48 ion n¥ng n¥ng lwong cao & nhirng noi ndy 8é mé rong manh mé
vi mét 48, n¥ng lwong cé thé ti€p cin trong céc va cham hat nhin vi khi d6 sé cé thé dat
sr nhiét héa v gidi phéng c¢im td (deconfinement) trong quark - gluon plasma (QGR).

Nhirng v&n d€ thyc nghiém cda vit Iy quark- gluon plasma 13 rdt 1ém vi céch ti€p ci
muc dfch chung rdt khdc nhau. P& tim kifm quark- gluon plasma ngudi ta dé nghi nhimg
ning quan sit khéc nhau khi nhirng tin hidu din t61 sy thay ddi trong ciu tric cda chit had
dém d¥c khi né tréd thinh quark-gluon plasma & nhiét d§ cao [10, 11, 12|. Nhirng tin hiéu
vy, ching han 1A cdc photon trong pham vi n¥ng luong tir 1,5 GeV dén vii GeV, cdc clip m
bremstrahlung ti¥ dwgc tao thinh trong cic va cham ion n¥ng twong d&i tinh, v.v... [13, 14,

Bén canh nhimg nghién céu thuc nghi€ém quark - gluon plasma, nhirng nghién ctu ly th
trong linh vue ndy dang dwoc tién hinh manh mé. Nhirng nghién cfu 1§ thuyét vé quark-g
plasma rit phong phd nh&m din ra nhimg tin hiéu th8ng nh&t vi ré ring v sw hinh thin
tién héa cda quark - gluon plasma. Cé thé néu mét s8 nghién cifu nhur vdy, ching han nghién
cc tin higu hadronic cda sy tao thinh quark-gluon plasma trén co s& tién héa thdy dong
ch&t hadronic [16), nghién céu cdc him phin b8 moment cia quark - gluon plasma khéng 1
loan va phét dilepton véi khdi lrong nhd bat bién [17), nghién ciru sy thing gidng tip thé ¢
cc va cham hat nhén - hat nhin & n¥ng lwong rit cao [18] v.v...

Quark - gluon plasm 1A pha nhiét d5 cao vd mit d6 lém cda vit chit dwoe miéu td bing
quy ludt cda sic ddag hoc lwong t& (QCD). Duwa vido QCD nhitu nhad vit Iy hy vong quai

6



hién twong chuyén pha giira cic pha hadron vi quark - gluon trong chit 1dng nhiét véi nhiét
b, mit d6 1ém dwoge tao ra trong cic va cham hat nhin ning lwgng rit cao. Vil tru hoc gin
ing goi ¥ ring hién twong chuyén pha twong tw di xdy ra & mét bwéc nio dé cda su tién
i tru va chic chin diy 13 mét trong nhimg d€ tai thich thirc nhdt d¢ phan tich 1y thuyét
ién twgng trén co s& QCD. Tuy nhién nhirng hién twong phirc tap nhw viy sé rit xa véi cc
in 1y d3u tién gin li€u chit ché véi nhau cda QCD. Vi viy cin phdi dwa vio miu hién twong
thich hop cho phép gidi thich cdc chi ti€t cda nhirng hién twong theo vai bién s hay tham
i4ng han mé hinh thdy dong lam viéc twong d3i t8t d&i véi qué trinh khai trién cda QCD.

3wéc tiép theo 8é rit ra cdc bién 88 hay tham =8 hién twong ludn va nhimg tinh chdt nhiét
cda hé tir mét co s& 1y thuyét sdu sic hon d5i véi QCD. Mot 88 tac gid dwa vio Iy thuyét
hoc twong d4i tinh dwa trén hé phuong trinh Boltzmann hay phwong trinh Forker - Planck
40 ludn su phu thudc nhiétds cda mat d§ ning lwong va cic hé 88 vin chuyén cda chdt QCD.
iuyét déng hoc ki€u nhw viy cung cip mét bwdc trung gian gitta nhirng nguyén Iy diu tién
én twong ludn dwoe goi 1d 1y thuyét bén hién twgng ludn. Cin phdi dwa vio loai ly thuyét
1ién twong ludn ndy vi rit ra truc ti€p cdc hé s§ vin chuyén tir nhimg nguyén ly diu tién
dinh khéng chinh x4c. Mot trong nhirng ly thuyét bin hién twong ludn gin lién tryc ti€p
¢ thuyét truwdmg co bdn xudt phét tir phuong trinh todn t¥ Langevin d8i véi quark-gluon
aa [19] véi dang co bdn duéi diy:

ia(k, t) = j; 1 K(k, t —t)a(k, t') dt' + f(k, t), (1a)

—1a(k, t) = fu l K*(k, t —t")a* (K, t')dt' + f* (K, t), (1b)

5, at 13 céc todn tir canonic bi€n dién “mode dao dong” dwge kich thich bdi mdt va cham
thin & ning lrong rit cao trong hé vit chdt QCD local; K 1A him hat nhin ¢-s8 cda phwong
_chtra dung t&t cd “théng tin vdo” cda hé; f 12 todn t& him ngiu nhién. .

Nghién céu tinh chdt cda c&c dai lwong a, f, K va st dung dinh 1y Nyquist dién td mdi
quan gitta cdc him f vd K, c6 thé din ra cdc hé phuong trinh b4n hién tuwgng lusn trong
Ying thdy ddng hoc hay kinetic, tir dé x4c dinh duoc céc dai lwgng vit 1y vi mé nhw mét 4
‘ lwgmg, 4p suit, entropy... vd cdc hé s8 truyeén (transport) nhr 43 din nhiét, 4§ nhét 16p
héi,... Tir ddy ciing cé thé din ra cic md hinh don gidn héa A8 nghién ciu cde hién twong
€n pha trong hé. Diéu quan trong cda ly thuyét vira néu ] hAm hat nhin K cda h¢ phuong
| (1) phdi dwge x4c dinh tir QCD bing cich tiép cin khong nhi€u loan. Chinh vi viy mi Iy
g€t niy mang tinh chit ban hién twong ludn, né 12 khiu trung gian ndi cic nguyén ly xuit
vé&i hién twong ludn.

D& nghién cfru cdc tinh chit déng, ké cd & gin cdc diém chuyén pha cda hé quark-gluon
na, duei day ching t6i sé st dung céch ti€p can dwa trén phwong phép phuong trinh déng
g tir quen thudc hon véi ly thuyét plasma théng thudmg, dwge V. P. Silin dé xudt [20]. T
rng trich chuy@n déng cda hé quark loai o

i . ]
i sba= (- 7% 52 + 7 ma + 9777 Au) Ya (2)
hé 1§p phuong trinh cho ma trin mit dd palk, F) gdm thanh phin bién d8i chdm (trung binh

vi thinh phin bién d6i nhanh theo th&i gian. Sau khi dwa vdo trudmg A, dwec xdc dinh
8 trudng gluon A% theo cong htirc Gell- Mann
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Ay EA“AgA“, (3)
d=1
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Sau mét 88 tinh tedn cy thé cé thé nhin dwoc phrong trinh déng lwgng t& twomg d3i th
hé quark - gluon v&i dang t8ng quét duwéi diy:

%Pa{kl:ﬂ 6(21)3 E >, fdpdqﬁ(q—npn+kpu) K& (n, k, §', §)

d=1 n=%1
x {8%pa(k, F)[1 - pa(n, 7)) ImAu(w + 10, @) + (Aw AD)wq)
X [pa(n, P ) palk, )],

& diy 8(q) = 6(q).6(w); K2¥ va Ay, 1A chc tenxo lién quan dé€n chuyén déng v twong tic ¢
quark va truwdmg gluon (cé dang cu thé cho cic gin dfng khéc nhau).

Trong cbng trinh ti€p theo phwong trinh (4) s& dwgc st dung d€ nghién cru mdt =3 tinl

déng cda hé quark- gluon plasma ddng huémg trong gin déng “gin tuyén tinh” (quasilinea

Céng trinh ndy dwgc hodn thinh duwéi sy hé trg cda Chwong trinh cip Nha nuéc “N

ctu co bdn trong khoa hoc tw nhién” KT-04
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SOME PROBLEMS ON QUARK-GLUON PLASMA
AND SEMIPHENOMENOLOGICAL THEORETICAL APPROACHES

Vo Hong Anh, Le Van Ngoc

Institut of nuclear research technology,
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The concept of quark - gluon plasma is examined with illustrative examples from high energy
ry ion experiments and different semiphenomenological theoretical approaches are presented.
relativistic quantum kinetic equations formalism is considered in the form suitable for further
stigation of an isotropic quasilinear quark - gluon plasma system,



