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§1. MG DAU

Khi gidi quy&t van d& cim tb cda cic quark trong sic ddng hoc lwong tk (QCD), ngudi ta
thudng nghién céu cdc ky di hdng ngoai cda him truyén gluco hay him Green cda quark & gin
mit khdi lwong [1-5]. Nhi€u tdc gid ching minh ring tai ving ning lwong thip QCD chuyén
téi 1y thuyét t&i han véi twomg tdc higu dung bén fecmion [6, 7. Trong khuén khé cda phwong
phdp nhr vay cic 88 lifu thec nghiém vé cdc meson dwgc md td khd phit hop véi cdc tinh todn
Iy thuyét tai ving ning lwong thip [8, 9]. Chinh vi vy, viéc nghién ctu md hinh bdn fecmion
& vung ning lrong hdng ngoai 1A mét viéc 1am cin thiét vi ly thi. Muc dich cu thé cda théng
b4o ndy, chiing ta mudn xem xét sw cim ti cda quark cé thd dwoc thwe hién trong mé hinh niy
khéng ?. Theo cic tdc gid [10] sy cAm td cda quark dwoc hidu nhw su trrgt tiéu cwe don & him
Green cla fecmion tai diém p? = —m?, p, m i xung lvgng va khéi hrong clda fecmion tai mit
khéi luyng. Bii todn niy dwoc nghién ciru trong khudn kho cda phwong phép tfch phin phi€m
ham [11]. & muc §2 ham Green cda fecmion tai trrdmg tip thé ngoii trong mé hinh bén fecmion
dwoc biéu dien dwéi dang tich phin phi€ém ham. d muc §3 ta st dung phép gin diing “céc qiy
dao thing” d€ tinh cic tich phin phi€m him cho him Green cida fecmion. K& qud nhin dwoc di
chirng t8 ring tai viing hdng ngoai him Green cda fecmion c¢é cwe don. Didu niy cé nghia 1A sy
cam td cda quark khéng tn tai trong mé hinh bdn fecmion, & diy ta st dung hé don vijh =c =1,
vi metric z, = z* = (1), 22, T3, T4 = tt).

§2. HAM GREEN CUA FECMION TAI TRUONG TAP THE NGOAI

Ching ta xét mo hinh don gidn bén fecmion khong khdi lwong twong tdc cling védi Lagrangian

E(:} 1!’7:4 Out + - (ﬂb'” (1]

& diy G 1a hing 88 tw twong tic, vid cé thir nguyén m~2. Trong khuén khd cda phwong phip
tfch phin phiém ham cling véi cic bi€n tip thé him Green cﬁa fecmion & ngoai trwdmg thda man
?hu-cng trinh sau:

(Y8 + m — g®(2)]G(z,y|®) = 64)(z - y), (2)
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m 13 khéi lwong ddng lwc cda fecmion, g, @ 13 hing 3 lién két vi trudng tip thé di dwoc tdi
chuin héa. Néu ké téi sy phin cyc cda chin khéng & trwdmg ® do su déng gép cia dinh thic
fecmion, thl trong ham tdc dung hiéu dung sé ¢6 thém cic thinh phin déng ning %4’ 00 P vi &b
1 a .
hang khdi lwong —EMg‘I'z, M li khdi lwong cda trwdmg tip thé ©. Trong khi xem xét bii todn
ndy ching ta giéi han dén 8 hang bic hai S5} cda phép khai trién ham téc dung hiu dung theo
truwdmg tip thé @, cé nghia 13 gidi han trong tic Yukawa gop®. K&t qui chiing ta sé c6 biéu dién
dwéi diy dé cho him Green lwong ti

Clz, y) ~..—.fma(z,y1¢].exp{£/ d‘z%@([:] - M“]@}. (3)

Mudn nghién cfru ddng diéu hbng ngoai cda ham Green (3), ta tién hanh tirng bwéc nhur sau: phii
tim nghiém cda phwong trinh (2), sau dé thuwe hién phép liy trung binh phiém ham theo céng
thirc (3) cAc nghiém ndy theo trwdmg tip thé ngodi & tai viing ning lwong hdng ngoai.

P3i véi him Green cida fecmion, thudng ngudi ta st dung cdng thic

G(z,y|®) = [1u8u — m + ¢g&(z)| D(z, y|®). (4)
Thay (4) vao (2), ching ta cé phwong trinh

[D - fm.—~ 9%)% + Q'Tuau-@(z)]ﬂ(xsy’@} =5z - y). , (5)

Theo cich gii do Fock [12] v Feynman [14] dé xwéng, ta viét nghiém phuwong trinh (5) dwéi
dang:

D{(z,y|®) =k [ dSexp {1 [ 13,(£)13,(£)dé+
[t
+i [ dé{(m - 982, ) + gru(2u()8(z, )]} (z - ) ()

Trong cdng thirc (6) & chi s8 cda him s§ mii ¢6 chira cdc dai lwony khdng giao hodn 3, (£), ®(z, £),
him s6 mii dwgc xem xét nhr Te-him s6 mi, con bién £ 6 vai tro 13 chi 88 thir ty theo thujt
ngir cda Feynman [13].

Chi 88 cia him s6 mii cda cdng thire {6) ¢é chira dang binh phuong theo toin ti vi phin d,,.
Vi viy chuyén tir Te-him 856 mil sang bicy (v todn tir théng thudng (ta phii “gd réi” cic todn
td theo thuit ngir cda Feynman) khéng thé Jam dwoc néu khéng khai trién né thanh chudi. Dé
ldng trinh khé khin niy, ching ta st dung phép bién déi hinh thirc dwdi diy [14] d€ ha bic toin
t 3,

Q

exP{i/dEia;i(E]‘S;-(f]} i

0
8 8

- cfa*y‘,m exp { —:’fu;‘:[z;‘]:ff ; thdfu,.(af}ia,.(f}}. (7)

5] 1]
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0] day tich phan phiém ham dwoe tinh trong khéng gian ham s6 v,(£) theo d6 do Gauss. Hing
38 " dwoc lwra chon tir diéu kién.

l‘.-

Cfﬁ‘y“{f)exp{ - lfus(f}df} = 1. (8)
0 ]
Sau khi thay (7) vao (6), vi ta tién hinh “g& réi” toan tir exp {Zifd.fuﬂ(f]iaﬂ{ﬂ}, ta thu dwoec

nghiém cia phwong trinh (5) dwéi dang tich phan phi€ém ham:

oo

D[I,y¥¢) f‘-idef [ﬁ‘u“]i exp{t/d‘zj[z}[(m - g®(2))*+

i

s

+ 13,0(2)] }6 0z -y = 2 [ vin)dn), (0
)= f iz -+ 2 [ vn)d),
0 [4

[ﬁ*u“] exp {1' f Vi E)d&}

[541/,,] sl e e g

6 f [541’,”] exp {1;{:v5(5]rff}

Thay (9) vao (4), ching ta tim dwgc bi¢u dién nghiém phuong trinh (2),

5\ [ .
G(z,y|®) = (1,_,3,. ~m+ igﬁj(z})tfd,ﬁf (64v] "

oxp {1 [ 2 (506) [(m - 99(2))* - madu0le)] + (2)00a)) ¢

N

< 69z~ y = 2 [ vin)dn) (10)

4]

Ti€p theo ta bd st hang ¢v,,9,®(2) lién quan téi hitu &ng spin trong ¢ong thirc (10), vi trong
viing ning lrong hdng ngoai hiéu g spin cho déng gép khéng ddng ké [14, 15]. Viéc thay thé
(10) vao cdng thirc (3) sé tao ra tich phin dang Gauss theo trudmg & digu 44 gitip ta thue hién
phép ldy tich phin mét cach dé dang,

[ D& exp {z’ [ d*z[5(z)(m — g¢(2))? + 7(2)®(2) - %1’{{3 - M2]¢]} =
= ,'Vﬁ_""l"dm"”ﬂ'"m - M? - 2¢%(z)]x

['-f‘ﬂf“'y{}('«’) - 2mgj(z)] Az - y}[5(v) - 2mgs(y)] } (11)

P | =

X oexp {
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Aam truyen A(z — y) & diy thda min phwong trinh

[0 — M? - 28%j(2)]A(z - y) = 6!*)(2 — y). (12)

Thay (10)-(12) vao (3), ching ta thu dwgc biéu thirc téng quit cho him Green cia fecmion dwéi
dang tfch phan phiém ham.

G(z,y) = N[dse"'?s [ [64v]det=/2[O0 — M? - 2¢%5(2)] x
0

8
.3
5z -y ZfVIn}dn)('r;.ap —m+ig—=)x
J
0

exp { % [ dizd*y(i(z) = 2mgj(2)) A(z — v) (5 (y) — 2mgi(y)) L_z“. (13)

§3. DANG DIEU TIEM CAN HONG NGOAI HAM GREEN CUA FECMION

D? ti€p tuc nghién ciéu biéu thic (13) & ving ning lwong hdng ngoai ta can phai cé cic gid
thiét sau:

1. hing 3 lién k&t g 12 nhé (¢* < 1). Didu kién niy dwgc thda min, néu ta xem cdc mé hinh
bdn fecmion twong tic & viing n¥ng lwong thip (8, 9].

2. D@ tinh todn c4c tich phin phi€m him theo cic bién v, xuit hién trong cong thie (13)
ta s& dung phép gin ding “qui dao thing” *!/ 14, 16)

m=[[64u}Fi[u}, g=12 (14)

'Bing ngén ngir cda giAn db Feynman phép gin diing (14) twong fng véi viéc bd cdc 8 hang dang
Y kik; so véi cdc 38 hang 2p 3 k; trong céc ham truyén cda fecmion
iy ¢ i

[(P-&;k;)z—mg]_l_m {Ep;k.' +z‘.:k?]*l (15)

trong &6 p 1a xang lwong cda fecmion, k 13 xung lwong 4o cda trwdmg boson. Cin luu y ring phép
gan diing k;k; = 0 ciing di dwoc st dung rong rii d¢ nghién ctru cic bii todn tin xa din tinh vi
khéng dan tfnh cic hat co bin trong viing ning lwgng cao vio xung legng truyén hiru han [17).

S¥ dung gid thi€t 1. Ta cé thé tim nghiém cda phwong trinh (12) bing phwong phép lip. Dai
véi bii todn ta dang xem xét, chi cin giéi han s8 hang gin ding bic khéng cda khai trién ham
truyen A(z—y) theo hing 83 lién két ¢ 13 d4d. O bidu di¥n xung lwrong 88 hang gin diing bac khéng:
A%} p) = (p*> + M?)~!. Hing s8 N c6 thé chon tir dieu kién: Ndet™1/3(0 — M? - 2¢%;(2)) = 1.
Digu niy hoin toin phi hgp véi ddi hdi ham Green tw do (g = 0) cda fecmion cé dang tiéu chuin.

*1/ Tén goi phép gin ding “qui dao thing™ 1A vi cic bién v, (£) mé td d8 léch cda qui dao hat so
véi qui dao thing [16]
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S dung gii thi€t 2 cho phép ta tinh cac tich phin phiém ham trong céng thirc (13). Két qud
chiing ta nhin dwec biéu thirc sau

oD

G(p) =1.'de3"'"‘{":*"‘1’(:;3 ~ m) exp {z![s)}, (16)

0

”}—?m’ffd fff-fzfiﬁ‘” A fw(n)dnﬁplfwezl%

~ 2m2g2fd£1[d d'k exp {1 — &al(k® — 2pk) } ' (17)

(2r)4 k2 + M?
L) = Pu +w,.{ )

g diy khi tinh toin dé nhin bieu thirc (16}, ching ta di st dung phép thay thé bién ldy tich
phian. Céc céng thire nhin dwge (16), (17) di hoan chinh hom két qua cida tic gid [16] & chd ke
thém cac dai lwong toin phwong theo xung lwong 3o cla boson k véi géc dd chon cdc 33 hang
phan ky. Theo lip luin twong tu di dwgce trinh bay & [15] cdc s6 hang phéin ky dang tuyén tinh
va phan ky dang 16ga cé trong biéu thirc (17) & ving xung lwong Ién k ¢ thé dwoe loai b bing
viéc téi chuan héa khéi lrgng cda fecmion va cic trirdmg twong ng.

& viing ning lwong thip, khi p? = —m?, cé nghia & viing hong ngoai, thi déng gép chi yéu
cho tich phan (17) xdy ra véi tri s 1én. Vi vy ching ta c6 thé thay th€ ham I(s) bing gii tri
tiém cin cda nd: lim [I(s).

& 00

exp{tl{ )} =1- Wg—ﬁz e!tp{ -~ 21MmS +1E} . (18)

Sau khi thwe hién nhirng phép tinh cin thiét, ching ta nhin dwgc biéu thirc dwéi diy cho
him Green lrong ti cda fecmion.

—if & m ,
G{p) = ;2[*_ ;ﬂz— + C()“Sl(_' 1f) + m) (19]
Tir céng thire (19) ta thiy ham Green cda fecmion trong mé hinh bdn fecmion ¢6 cwec dom.
Trong phép gin ding di s dung & diy khéng xdy ra sw ting cuong hay sw lam yéu di cuc don
nay. K& luin niy hodn toin phti hop véi két qui di thu dwoc truée ddy [15], ma & d6 da nghién
cirn dang diéu tiém cin cda ham Green fecmion trong dién déng lwec hoc meson vé hwémg.

K&t luan : Trong mé hinh don gidn bén fecmion ta da tim dwoc ddng diéu tiém cin hdng
ngoai ham Green cda fecmion dwéi dang cwe don. K& qud nay ching té ring hién twong cim tu
cka quark tai viing n¥ng lvong hdng ngoai khong thé ton tai dwgc trong md hinh dang xét. Vige
gidi thich vi tim co ché cho sw ¢im ti cda quark hién vin cdn 1 vin d2 tranh ludn trong Ij thuyé&t
sdc dong hoc lwong ti¢ ngiy nay.
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INFRARED ASYMPTOTICS OF THE GREEN’S FUNCTION IN
A FOUR-FERMION MODEL

Nguyen Suan Han, Dang Van Soa, Eap Ponna
Faculty of Physics, Hanov University

It 1s shown that in a four-fermion model the Green function of the fermion has a simple pole

in the infrared energy region. Obtained result means that the quark confinement is not realized in
this model.
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