Hi KHOA HQC N 4 - 1990

'6ng Ding

G TU HOA TOI THIBU

INH PHA VG DOI XUNG
JAT HIGGS

Anh phé v& d8i xing tw phat Higgs d3 cé vai trd quan trong d€ x8y dyng céc Iy thuyds

chufn héa dwge [1]. Tuy nhién vige legng té héa chinh tdc mé hinh ndy va gidi thich
 cdc hat boson Goldstone trong ly thuydt chuin dén nay vin cdn 1A nhing vén d2 thei
ap (2, 3] cin dwgc tiép tyc nghién céu. Trong bii bdo ndy ching t3i tién hanh nghién
g v&n d8 trén trong khusn khé cda phwong phép lugng ti héa t3i thidu [4, 5] cho m§t
don gikn Abeli Higgs ciing véi Lagrangian [6] -

L) =~ 3F2, + (D,d)" Dud ~ V(41" w

41%) 12 m&t ham s8 ndo dfly cé dang da thirc cda him trudmg ¢ (vA khéng chira dgo hAm
Thé V(|4|?) vA Lagrangian (1) 12 bdt bién d6i véi nhém bién déi dinh xd:

Auz) — AL(e) = olAu + 8,097,
#(2) — ¢°(z) = g8(2), olz) = expliA(£,8)}.
phwong phép di dwge trinh bdy (7] ching ta chon che bidn 83 bét bidn chudn AT; 47 :
AT(z2) = V(A +8)v?, '

@)

# =V, V(4)=Texp| j az'a%a,anA.]; ®
]

in (3) trong trudmg hop ndy 1A chc bién ngang vA khéng phy thue vdo g, t). Bidu dién
in (1) qua c4c bi€n ngang (3) ta dwge '
1 1
L(z) = ZFG(AT) = TFA(AT) + (DF4T) DT 4T -V (167 (4
1

FouldT)= &F - 0A3, M =2X ®

8 46 JJ dwgc x4c dinh bing cBng thirc
I§ = ie[¢T" DT 4T - (DF47)¢7]
>r n¥ng xung lugng Belinfante h§ cic trudmg ndy c6 dang
Tow = Fu (A7) Fuu (A7) + (Dmu"¢7)* DT 47 + DI47 (DT 47)" = g, L. ()
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D& mé 3 sy phé v dGi xéng ty phét thujn tién ddng hai trudmg v6 huéng thyc sau d
1 . o 1 .
¢ = 0T b)), #T = 06T -id).
Céc xung hrgng chinh tic twong éng véi ¢7, ¢7 trong trudmg hop nidy bing
1
o, = 0T - 54D,
1
w5 = 75 (45 - edT4D).
Lagrangian (4) dwge bidu difn qua céc trudmg thye v8 huéng (7) c6 dang
1 1
L(s) = 3FE(AT) - TFA(AT) - (454" -V ($T).
Trong d6 DT ¢T dwgc xéc dinh bng céc dng thire dusi dby
DIL4T = 8,47 — eAT4T; DI4T =0,¢] +eALd],
1
£ =G =-R0, AT=54),

I§ = e[n],62— 75, 1)
Hamiltonian cda h§ c6 dang

H=To= %[(,i,-r)’ + ;F,’, +25) +43) +(8,45)%+
+ (@147 - cATHT) + (0147 +eATHP) +V (4T').
Bidu théc tim dwge dé cho Hamiltonian cda h§ trwdmg H (12) di chi ra ring ham 83
thé dwgc dng nhét hodn todn véi ning lwomg thé (né dwgc goi I ham thé hay th cda trw
Néu ching ta chon thé V dwéi dang :
2 2 ¥
v =v(4P) = 0 - Lo =v(eD)
thi h¢ c8 didn dwge m8 t4 bing Lagrangian (1) cing véi dang higu cda thé (1) sé khdng c6
théi cn bing b¥n |¢] = 0, A, = 0, vi nhing gid trj ¢, A khdng twong éng véi cyc tidu

lwgng cda hé. Trgng théi bin cda h§ trudmg twong émg véi vige hinh thinh trong todn b b
gian trudmg khéng 48

+éi=27/" v A,=0
Phép chuyén sang Iy thuydt lrgng t& dwge thyc hign twong ty nhu trong trwdmg hep |

td héa dién dong lywc hoc v8 huéng [7), (dong thi lwu § vige thay céc bién 88 phic ¢*, ¢ |
céc bidu thire ¢y, r=1,2). Céc 1ié thirc giao hodn & ddy IA:

BT (4,0), AT(7,0)] = 6T6%(& - §)
(x5, (20,67 @1)] = - D

Sy khéc bigt véi dign ddng lrc hoc vo huéng chi & chd gis tr trung binh cda ¢7, r:
theo chin khong khéng trift tidu
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(167" +4510) = 2%/ 2. (15)

rong trudmg hop ndy trang thii chan khéng twong g véi gié trj cyc tidu cda hg trudmg
bic suy bién 13 v6 tin. V1 vy vigc chon mét trong nhirng trang théi ndy 1A nglu nhién va
Vi dy khéng m4t tinh tdng quit ta c6 thé a3t

(oi#T10 = Va4 = 5L, (o4l =o. (16)

& rang 1A sau khi.chon trgng théi chan khong (16) th) sy 46i xémg cda 1§ thuyét giira cc
phin ¢7 va ¢T bj ty phé v3.
&ch md t4 lugng ti cda h§ twong &ng véi vidc lugng t héa céc dao dong cda né quanh
cin bing. V1viy d¢ mé t4 ding d4n ta phii dinh nghia lai cic trudmg ¢y, r = 1,2 d3i véi
héng méi (16) nhu sau:

o =47 -v2}, @:=¢] )
0 cho

(0]®4]0) = (0]@/0) = 0. (18)

au khi chuyén d8i c4c bién 88 méi céc tredng (17) bidu thirc 42 cho Hamiltonien (12) c6 dang

s 1o 1 1 1 1
H =GB + (5a]) + M7 AT + 503, + 5(0:01 - eAT $a)+
1 1
+ g oL+ 10+ AT 4 + e MAT 14
1 1 S
+ 61+ ) - SATAT + Dt . (19)

43y ta b 83 hang khéng d3i u*/ 2, cdn c4c xung lwong chinh the ET, x4, , 74, duge xéc
dng céc cdng thirc sau diy

ET = AT,
% = %“, - cA4a), (20)

o= %w, +eATgy) + %mg.

rong céc cdng thirc (19), (20) A khéng phdi 12 céc bidn 3 dc 13p, né dwge bidu difn qua
fn 88 khéc d¥c trung cho h§ trudng

Mr, 1
AT = _§;ﬁ o é__h.ig', J'{:e[u,éz—n:%]-

¥ dung céc bién 88 méi

ta viét lai Hamiltonien duwéi dang (19)
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o M? 1 1 M? 1
=3B+ HOATI + M AT+ B4 (@A + AL+ gl

+3(0080 - oAl i’;—'—ﬂ—.ﬁ]’ + “——;ﬂ +EMAAT g, + %JAT’«W
+ rnbtot (B2 ) st (fE 52 4+
o g R - 1T

7 = et 252 a0 - (s L

Sau khi x8y ra sy ph& v ddi xémg ty phat , Hamiltonien cda h§ md td trudrng thye v hu
¢4 cling véi khdi lrgmg p vA trudmg vécto khi lugng cdng véi kh&i leong M = 2v2u/f.

T4t A chc twong téc phi tuyén cda nhirng trudmg ndy (43,4147, 7AT") 1a chuin héa

Chiing ta thfy ring do sy phé v& d8i xéng tw phit di x8y ra sy phin b8 lai cdc trudmg
trong hai triedmg thye @2 tgo nén trudng v8 huéng phirc di dwyc bién d8i thinh thanh phin
cda trudmg vécto. Hat twong émng di bién photon hai thinh phin Maxwell thanh hat khéi lu
boson ba tha nh phin.

Trong hinh théc lugn ndy, céc trang théi cda hat vécto cing véi dd xodn £1 dwgc md td |
cc trudmg AT ciing véi ham Green ty do trong khéng gian xung legng.

1 1
Diy{q) = W(ﬁ-‘i = ?iq?‘i:‘)-
Céc trang théi cda hat vécto cling v6i 48 xofn khong (thinh phin doc) dwge mé t
trudmg ¢3 (hay As) md ham Green 13

1 M
q,_M,(l+q—,).

Cubi ciing 12 hat v8 heéng ciing véi khdi legng M dwgc mé td bing trudmg ¢y 6 dang
Green nhir sau

Dy =

Ds(q) = qﬁ .

Nhin vdo céc ¢8ng thirc dé cho c4c him Green ta thiy dwyc 13 b§c phén ki cda céc gil
Feynman khong ting 18n khi ting bc cda Iy thuyét nhidu logn.

Nhu vy, khi ¢6 sy phé v& d8i xtng dinh x& ty phit trong mé hinh ndy céc hat b
Goldstane & day khdng xu#lt hign, didu ndy thdy dwoc ti¥r céc 1gp lujn & trén, hat ndy di
thanh thanh phin doc cda hat vécto vA & day tredng chguln vécto ¢6 khéi hwgmg.

V3 dinh 1y Goldstoné trong md hinh Higgs & chuén Coulomb th trong céc i lifu khos
|2] di c6 quan ni@m cho ring nguyén nhan vi pham dinh ly Goldstone 12 sy khang ¢é ¢inh bt
hi¢n Lorents cda Iy thuy& trony chuin Coulomb.

Chiing ta d& chéag minh {7] 12 so d5 lirgng t¢ héa t3i thidu khi st dung céc bifn 88 v
bt bidn ¢+ 7. khong djng xt vA céc hé thirc giao hodn khéng dinh x& 1A mdt so dB hwgmg td
chinh te higp bidn.
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»ug phuong phip cda ching téi dya rén vige gidi twdmg minh phuong trinh lién h§ va cde
ong dinh x ta thiy dwoc 16 nguyén nhin vit I cda sy vi pham dinh lyGoldstone. Nguyén
iy I nay 13 tinh khéng dinh xi cda céc h§ thi giao hosn - Sy khong dinh xér d vi pham
u ki¢n cda dinh 1y Goldstone (8].

c gi4 chan thinh cdm on Gido sw Trin Hiru Phét, Gido sw Dinh Vin Holdng, Dodn Nhit
Nguyén Xuiin Han 43 déng gép nhitu § kién quy bsu cho cdng trinh ndy.
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Cong Dung

(AL QUANTIZATION OF THE
TANEOUS SYMMETRY BREAKING MODEL HIGGS

ie spontaneous symmetry breaking model Higgs in framework of minimal quantization in studied. It
n that the physical reason for violation of the Gold theorem is the locality of
s which breaks one of the conditions of the Gokdstone theorem.
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