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§1. MO DAU

Sw vi pham d8i xirng déng Iy trong mé hinh, ma né dien ti twong tc cda bdn fecmion va
khéng chira c4c trudmg vé huémg co ban Higgs, d3 dirge chirng minh tir nhitng n¥m d3u cda thip
ky sdu muwoi (1, 2]. Sw sinh khdi lwong cda cdc hat do viéc sdp dit lai chin khong vit ly & ddy
dwroc goi 1 sy sinh khéi lwong dong lwc. Nhirng két qud thu dwoc |1, 2] 43 cé vai trd to lén trong
viée xiy dung v phéat tridn l§ thuyét dién tir yéu va ly thuyét twong tic manh cda v§t l§ hién
dai vé hat co bin, nén mé hinh twong tic bdn fecmion ngiy cing dwoc nhigu tic gid quan tim va
phat trién [3 - 9].

Muc dich nghién céu cda théng bdo ndy 1A sw xiy dung vi phét trien mét cich hé thdng
phuwong phép tich phan phiém him véi cic bién tip thé trong mé hinh bdn fecmion d¢ nghién ciru
viéc sinh khdi lwong déng lwc cda cdc hat. 8] muc §2 ta tirng buéc xdy dyng phiém ham sinh cho
him Gren trong cic bién tap the, tim phwong trinh cho him Green cda fecmion & trudmg tip f._h@
ngoai, vi phrong trinh chuyén déng cho cdc trudrng tip thé boson trong phép gin diing mét vong.
Nghiém khéng gidi tich vi khéng tdm thwomg clda c4c phwong trinh chuyén déng trén din dén suw
vi pham d&i xtimg chiral cda md hinh, két quéd fecmion khong khéi lwong ban diu thu dwoc gid tri
khi lrong hiru han. O muc §3 ta xét Ij thuyét nhidu loan theo céc trwdmg tinh cda céc trudmg
tap thé va phd khdi lwong cda boson. Cudi cling ta hé thdng cic két qui 33 nhin dwor. & diy ta
ding hé don vi A = ¢ = 1 va metric Pauli.

§2. PHIEM HAM SINH VA SU SINH KHOI LUGNG CUA FECMION

Ching ta xét mé hinh bdn fecmion twong tdc cing véi Lagrangian
- Gri—= 2 = 2
L(z) = —¢vaduv + 5 [(99)" - (¥2¥)7], (1)

& day G 13 hdng 88 twong tac, va cé thi nguyén [G] = m™2, 4, 12 ma trin Dirac, 75 = 1171373%-
Lagrangian (1) bit bién d6i véi c4c phép bi€n ddi chiral: ¢(z) — e**T5¢(z); $ — Ye**7*, trong 46
o 14 hing sd pha tiy y.
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Chiing ta nghién ciru vin d& sinh khéi lwgng cda fecmion & mé hinh (1) bing phwong phip
tich phin phi€m him ciing vé&i cc bién tip thé [10]. Phi€m him sinh dé cho cic him Green cé
dang

Zin,n = N/ Dy Dy exp {i[d’“z(ﬂ{x} + ¥n + 7iy) }, (2)

& diy 7, n 13 cdc ngudn c-s8 ngodi, hing 88 N dwgc chon sao cho: Z[0,0] = 1.

St dung tich phan theo cic trudrng tip thé vé hudémg § vi gik v6 hwdmg §, chiing ta c6 thé
tuyén tinh héa cdc 88 hang twong téc phi tuyén cda cic fecmion [10].

exp {56[(39)° - (F2e9)"]} =

= /D«pﬂ(ﬁexp{ — ’—;‘-'(sz + 52 + ¥au($ - zg“rs,]u”}. (3)

G = g2 /uZ, gy 1a hang 88 khong c6 thir nguyén, cdn uy 13 hiing s8 ¢6 thir nguyén khai hrong. Thay
(3) vdo (2), ching ta nhin dwoc bidu thirc dwéi diy dé cho phi€m ham sinh:

-

ZlF,ng) = N/ D® Dy Dy exp {i/d"z[ — Y0 — “?"‘(s’-’ + 53) +

+9A$¢A?A¢’+\—bﬂ+"-}'¢?+jﬂ¢ﬁ]}- (4)

g cong thire (4) ta da dwa vio cic ky hiéu: DP = DSD?, 9, = (5,52)1 ga = (gu.a0),
14 = (I,17s), 74 = (7, 5] - 13 ngudn ngoii cla cic truong tip theé: gadava = gu(S + '¢§‘1,5)_
Thuwc hién phép 1ay tich phin theo céc trwdmg fecmion, ching ta thu dwoc bidu thire sau:
2 -
Zlg,n, ] = N[ D® det (—7,3, + gaPava) - exl:n{ifd"a:d‘y[ - %"—(53 + 52}54(1 - y)+

+7(2)G(z, ul®)n(y) + ja®a] }, (5)

trong dé G(z, y|®) 13 ham nhin qia Green cida fecmion tai cic trirdng tip thé ngoai & ,4(§, f), va
né thda mian phuong trinh:

(Va0 ~ 0a®ava] Gz, v]®) = 6'(z - v). (6)
Phwong trinh cho him Green cda fecmion twr do ¢6 dang

1. BuCGulz,¥) = =6z - y). (7)

Tir cong thirc (5), ta nhin thiy: hing s3 thir nguyén w, cé mit trong cic s8 hang khdi lwong
cla Lagrangian, con hing s8 khong thir nguyén g, c6 vai trd 12 hiing s8 twong tic cda cédc trudrng
tip the &4 = (S, f) véi trudmg spino. Nhuw viy, him s8 cda cdc hing s8 niy, ma lic diu chiing
gop chung vio hing s8 twong tdc duy nhit G cda bén fecmion, dwoce tich ra. Ti€p theo sit dung
cdc dong nhit thic sau:

det H = exp(S,, H},
S:'ln[ = Yu0u + 94 ¢'.-1"J'A] = Spln(—=,0,) + Sr'l"[l + ﬁriffﬂq’a 'TA].
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Chiing ta viét phi€ém ham sinh Z[7,n, 7] dwéi dang
Z[?}_] ", J-] = N/ Dd’exp {tS*Ug'b]}Z{ﬁ,n‘(I’],
#‘2 &2 A
Sf@} == fa'"zd*y{ — --2!—'-(52 + Su) = iS,,!n[l + Gﬂg.*l(bATA] — J’A‘I)A}é‘[r - y}, {8)

2l nio] = exp (; [ d'ad Gz, vi®)a(y)

Trong cdng thirc (8), néu khéng ké s6 hang twong tic giira trudmg tip thé véi ngudn ngodi,
thi phi€m ham hiéu dung S{®| chl phy thudc vio cac bién tip the ®4, cdn Z[7j, n|®| 12 phiém him
sinh cdc ham Green cda fecmion & cdc trwomg tip thé ngoai.

Phuong trinh chuyén déng d€ cho cic trwdmg tip thé dwoce suy ra tir bién phin cda him téc
dung: (6S[®]/6bs) =0 véin=17 =34 =0.

,Uﬁs (I) = ig()S,,[(}{I, y]¢']y“,+

158 (z) = 1908, [17:G(z, yl9))]

(9)

y—z?

& diy G(z,yl¢) thda man phwong trinh (6).

Trong phép gin ding mét vong, khi cdc trudmg tip thé &4 13 khéng ddi (4 = const), thi
cdc phwong trinh (6) va (9) trong bi€u dién xung lwong cé dang:

. —if —

2 2 '
pe+m
5 3 ] 4 -4 {1{})
___ig d'pS g 7 [ d'S
417""14;“; P2+ m? 4ndp? p? + m?

& diy B=puy., m?= 93(52 +- g'z)

Hé phwong trinh (10) ¢6 thé cho  holic cho céc nghiém tim thudng d 4 = 0, hodc cdc nghiém
khéong tam thudmg ®,4 # 0. Cdc nghiém tim thudémg twong irng véi trudng chin khéng cia hé
1a bén, va khéng ¢6 s vi pham d8i xing chiral, fecmion van 12 hat khéng khéi lwong. Ta xét
trwdomg hop ton tai cdc nghiém khdng gidi tich va khéng tim thuong ®,4 # 0 véi didu kién tdn
tai p?A? > 472 trong dé A% la xung lwong cit p? = A? |1, 2). Khi dai lwrgng u2A? ting Ién vi
vwot qua gid tri ngwdng 472, thi fecmion sé nhén gid tri khéi hromg m2 = g3(82 + uz)

Hién twong twong tw cing xdy ra trong Iy thuyét siéu dan [1, 2, 11, 12] c4c phwong trinh
(9) c6 vai tro twong tw nhw cic phwong trinh cho cac khe niing lwong nghiém cda ching ciing ¢é
dang tim thwimg va dang khong tam thwdng. Cdc nghi¢m tim thudng khéng dwa dén céc phép
chuyén pha, khéng c6 trang thai siéu din. Cdc nghiém khéng tim thudmg twong dng véi trang
thdi siéu din vi dwa d€n cic phép chuyén pha. K&t qui cic fecmion khéng ¢6 khdi lwong ban diu
sé trd thanh cdc fecmion c¢é khdi luong.

Trong bai todn cda ching ta cdc nghiém khong gidi tich va khéng tim thwdmg cda phwong trinh
(10) & phép gin diing mét vong dwa dén gid tri cwc tidu cda thé hiéu dung U[4], ma thé ndy xdc
dinh gid tri mat dd ning lrong tuyét déi cda chian khong. S& dung dinh nghia S|¢] = - f U|gp)d*z
trong cdc trudng khéng ddi, tir cong thire (8) ta ¢

2 . 5 -
Ugl = %‘I‘(Sn + 83) + i—z—%gfd‘pln det [1+ Goga®a~yal. (11)
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Lwu ¢ G = ip/p?, det [Goga®aa] = ;,15 det [pga®ava) = m?/p?, va thay céc gid tri dé vdo
cdng thérc (11) , sau nhitng tinh todn cin thiét ta nhdn dwoc.

2

Ups enon [®] = ﬁ:—;—)-;fd‘p In(1+ %) <0 (12)

Thuwe hién phép quay Wick d*p = 1d°pdpo, ta thiy U, g .pron €6 gid tri 4m, c6 nghia lam gidm
ning lwong cda chin khéng. Nhu vy cdc $o4 nghiém khéng tim thudmg di thyc hién gid tri cuc
tidu cda thé hidu cda cdc trudmg boson tip thé,

§3. LY THUYET NHIEU LOAN VA PHO KHOI LUONG CUA BOSON

Khai trién cic trudmg ®,4 trong cdng thitc (8) quanh cde nghiém tinh &4 = &4 + P', trong
d6 ®o4 12 nghiém cda cic phwong trinh (10), ching ta cé thé phit bidu 1y thuy@ nhidu loan cii
bién.

S& dung phép khai trién

Slq’l == Sl'@n + ‘b’] = SI@[)] + [d‘zQ”(x][&M]G' i +

54 (z)
+ -;—fd‘zd"yfb"(z) [ﬂ%ﬂ@(g] +.=
= S[®| + %f ey “’[5@6(3"51{5,)”@ 2

ta cé thé viét
S[®'] = Syree[®'] + Sine. [@],

K 1 i
S'I-n!i¢ } = Z Lﬂ.: L’ﬂ = ;Sp[(}‘HQQ ] ' (13)
n=3

Spreeld] = =3 [ @'a{ud(s7+ 87) + 1),

& diy @', 13 cic trudmg vd hwéng va gid vo hwéng thuc sw, d5ng thdi ciing 13 nhing kich thich
(céc thing gidng lwrong ti) tir chian khong. S hang L, 14 cdc vong kin fecmion ciing véi viéc sinh
v3 hdy céc trwdmg tip thé Boson ®',. Cic qu4 trinh vdng kin dwoc mé td bdi L, ta 43 gbp vio
tdc dung tw do Sy,..[P']. :

T4c dung tw do Sy,..|¢| d€ cho cic trwémg boson tip thé c6 thé vift lai dwéi dang

Stree|®] = —% [ d‘xd‘y@,‘{z]&;b{z, y)®ply), dit & =" (14)

Ham truyen d€ cho cc trudmg tap thé boson &4 trong bidu difn xung hrong dwoc xdc dinh
bing cong thic sau:

s : d* .
ALp(p?) = 6apMp ~1iga anSpf {ﬁ;éu[ﬁ‘ + ¢)74Golg)1s, (15)
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& diy Mp = (uo.po), va s 13p lai chi s8 A, B khéng c6 nghia 13 1dy téng. Thay (10) vio (15),
sau dé tinh vét ching ta cé:

102 [62(52 - $3) + (p - 9)q]

A-l 2y . 2 250 d‘ﬁ
SS(p } #(} 4”4 q{( o p}2 3 mﬂ] 2 + mz]
_ $3 - 83) +(p~ )]
&-!PQ s [2I 92 dqq{gu(u 0 (16}
SS( ) 4n 4nt {[q p}z =+ mn]{qz + mg]
_ g2 263 S0 S
e :_ﬂ?p_[d4 g 2020 }
Tinh céc tich phin (16) va ké thém cidc phwong trinh (10) ta tim dwoc
2
A5i(r) = (v + 403 S) (25" - - (),
=i¢ 3y _ (.2 &2 -1 S'n
a;i0%) = (0 + 4280 (251 - Z51(m)),
1.2y _ oa—=Llg 2y _ Elmet, gn
‘ﬁsg(P)—ﬂ'gs(P]—“gﬁ&l 0| Zq I( )},
2 T P
-1 % & e -
Ly = P (i .ﬁm: 1), I{p) *fln[1+ mﬁx“ x)]d:. (17)
0
Pwa vao cic dai lwong di chuan héa
JDLss{P] = Za ﬁss{ JF ﬂgg(P) Zy *’353{ ) ﬁ?;(P):As‘s(P]a
(fhn) = ‘?nz:h ( }) 5:?3:; ) ( 0 ) = gﬂza-ls
($7)? = 822, (§7)" = §22,
Z3 13 hing 8 chuin héa trwdmg tip the. Tir (17) suy ra
‘ﬁ';;( ‘49{150) =0, 55( 45’51 =M, (18}
S& dung cdc cdng thirc (18), ta tim dwoc cic khéi hrong cda cde trudmg tip thé.
mS = 4gl|$l?l ?".'125. i 49& §l?l 4”‘3 = m% ¥ ng! (19)

mq 13 khéi lrgng cda feemion. Tém lai, sk dung céc hé thic (17) va (18) tir (15) va véi d6 chinh
x#c t&i chc 86 hang bic g7 /47%, ma ching xdc dinh céc bd chinh, ching ta tim dwgc Lagargian
song tuyén tinh véi cic trwdmg tap thé.

L'¥ = - % [(6“3)2 + (aug)z + 493(5‘55 + 'g“g)g‘ (20}

stru ¢, ta ¢é thé chon nghiém cda cde phuong trinh (10) § = 0, Sy # 0. Cich chon niy
¢6 thé twong ing véi mot chuin xdc dinh nao dé: Trong trwdmg hop nhwr viy tir (20) cé thé coi
v&i hat khong khéi lwomg (Gold stone), con trwrong § sé md td hat v hwéng véi khoi lwong 2my,
(twong tw nhw hat Higgs).
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Két luian. Trong khudn kho cda phwong phép tich phin phi€m him véi cic bién tip thé
ta di minh hoa va gidi thich sr sinh kh&i lrong cda cdc hat trong mé hinh b8n fecmion khéng
chira c4c hat vé huéng co bin ban diu, da phét biu ly thuyét nhigu loan cii bién cé khi ning t4i
chuiin héa dwgc cda né. Tuy nhién mé hinh d3 xét & trén cdn don gidn, viéc vin dung cdc két qui
cda phuong phdp ludn niy vio Iy thuyét cu thé dién td cdc hat thwc trén thwe nghiém s& danh
cho viéc nghién ciéu sip téi.
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COLLECTIVE FIELDS FOR THE STUDY OF THE DYNAMICAL
MASS GENERATION IN A FOUR-FERMION MODEL

Nguyen Suan Han, Dang Van Soa, FEap Ponna
Faculty of Physics, Hanoi University

The functinnal integration method in collective fields is systematically devoloped for studying
a four-fermion model. Dynamical mechanism of mass generation of particles is consilered on the
basic of dynamical symmetry breakdown, and the mass spectrum of particles are found in this
model.
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