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ABSTRACT

Under the presence of mass term due to explicitly symmetry
breaking co term in ¢ model, we directly renormalize spontaneously
symmetry broken mode in a symmetric¢ renormalization scheme, with
the help of dimensional regularization method. Solution for the
infinite resummation problem by Lee is found to be extremely

simple within our formalism.

This work was supported by the Direcitor, Office of Energy
Research, Office of High Energy and Nuclear Physics,
Division of High Energy Physics of the U.S. Department of

Energy under Contract No. W-7405-ENG-48.

§I. INTRODUCTION AND PRELIMINARIES

Under the spontaneously broken chiral symmetry,l‘pions are
Goldstone particles and originally massless nucleons get their finite
masses satisfying Goldberger-Treiman relation. Since various soft
pion theorems»defived by using partially consegved axial vector
current (PCAC) relation have been successful, spontaneous breakdown
of chiral symmetry has been cénsidered to be excellent success of
our understanding of hadron physics. In order to understand PCAC

relation concretely, Gell-Mann and Levy have introduced ¢ model1

2 ’ o o ")
=2 : -
sym +m 5 ° (for T <1, (1.1)

£ 'Y .
where sym is given by
1 . 2 2
L = - =
sym = =3 (307 + (317
%, 2
+5 o7+ (n)7]

Ao 2 2.2
il LR CFD R B O/ > 0) (1.2)

[Throughout this paper, we use the following notations: Greek-.index u
denotes component in ordinary space and varies from 1 to 4. Roman
indices (i, j, F, 2) denote cdmponents in isotopic space and vary from
1 to 3. Repeated indices are ta be summed over.]

At the‘classical level, the minimum energy for the system given

by £ is obtained in the case

sym
' ,Mi + 2m§ '
g = —2)? and "i =0 (1.3)



and 7 has sma11 méss=m6é while ¢ has mass /Mz + 3m§'._
The physical system (1.1) is quantized by imposing equal-time

commutation relations (ETCR)

3
'5(§‘;),

[} oCx, ©), o7, ©)]

1]

x#l -> 3, >
[84ni(x, t), nj(y, t)] - Gijé x -y)
and all other ETCR's among (w; a,aaw,aao) are equal to zero. In
the Heisenberg representation, we have equations of motion for

quantized field operators

u] ()+§ x) - A1, () {o? + 12} =0 (1.5)
mylx 2 "3\ o™i j'x -
.and '
v 2 2 , [¥ + 2
Oo(x) +—5 © x) - xjo(x){o” + nj} x 85 -_EX;—__ = 0,
' (1.6)
where and hereafter we use a simplified notation
v ' 2 2
e AR R EN Y (1.7

" If we introduce isospin generators Qi and axial charge operators QSi
by .
. 3 > > §
| : 1.8
Qi(t) = 1Eijkjd xnj(x, t)BAHk (x, t) ) | ( )
and

Qg4 (£) = ifd3x{c(§, ) a4ni(§, £) - ni(;, t)340(§, t)}

o - .
We find from (1.4) that Q; = %’[Qi + QSi] are chiral SU(2) x SU(2)
'generator§‘satisfyiﬁg:the following ETCR's

]

[ (0), m &, B = de,, m (X, B,

[Q;(t), o(x, ©)1 = 0
and

> -5
[054(0), 7, (x, ©)] = - 16, 0(, ©),
[Q55(8), o(x, ©)] = im (%, &), erc. - (1.10)

With the help of (1.105,66sym in (1.2) is easily shown to be chiral

invariant, i.e.,
\ +
Lo m @1 = 0. , (1.11)

In the case of mi = 0, spontaneously broken' vacuum state[O >

corresponding to the classical situation (1.3) is characterized by

<o}ni|0>=o but < ojolo >4 0, : (1.12)
so that
Qg lo>=0 wbut Qg {0 ># 0. (1.13)
In Sec. 2 we derive an integral equation for covariént Green's
functions having two expansion parameters "a" and "h", and obtain
Ward identities valid for any value of "a" and "h". 1In Sec. 3 we

derive a generating functional for covariant Green's functions and



show the meaning of expansions in a power series of "a" and "h". 1In
Sec. 4 we prove renormalizability (in spontaneously broken casé) in a
power series expansion in "a!' (net in "h"), by minimally subtracting
ultraviolet diveréent terms. In Sec. 4, we discuss analytic continu-
ation of "a" along the real axis in the complex plane, and give the
prescription how renormalized Green's functions at a = 1 can be

effectively calculated. 1In Sec. 5 we discuss our results.

§2. INTEGRAL EQUATIONS FOR CONVARIANT

GREEN'S FUNCTIONS AND WARD IDENTITIES

In this section, we will derive integral equations (having two
parameters "a" and "h") for covariant Green's functions and Ward
identities valid for any "a'" and "h".

In order to investigate quantum system (1.4)-(1.7), it is more

covenient to treat the covariant Green's functions

< OIT*{'Ni(x)...Ban () .. .0(v) ... 040 (w) o > (2.1)
than the non-convariant timefordered products

< OIT{ﬂi(x)...Ban(y)...o(v)...BZc(w)}[0 > . (2.2)

The general definitionszof (2.1) in terms of (2.2) may be easily
imagined from the following special example: The two-point covariant
Green's functions (2.1) are the same as the corresponding (2.2),

except for
< OIT*{BZni(x) aan nio>
_ x . 4
=< OIT{aani(x)BZﬂj(y)}IO > - 16,8 (x=y)
and b

<o|T'tafo(x) 3oy o >

= <013} o)on o> - 16%(xy). (2.3



Then our (1.4)~(1.6) are found to give the infinite set of covariant

differential equations among (2.1). In order to express these expressions

compactly, we introduce Mandelstam's Operat:orsz-5 ;i’ 34ﬁj, G “and 346 ;

acting on a linear space of the covariant Green's functions by the

definition
(8|x (x)...al'wj(y) ..o(v)...a 5 () |G)
-E <olT*{ni(x_)...aznj(y)...o(v)...32’8<w)}|o > (2.4)
Then our results-can be expressed as follows.2

2 .
0 - (6o + —39 RO - TG+ D, - i G1]6)

T3 (2.5)
and :
2 2 2 M2+2m§
0 = [O«x) + 4 G(x) —)bc(x){o + nj} +mg —zlq—icd(.x)]lc),
(2.6)

'where (and hereafter) we use the shorthand convention (1.7) and

e = e, = o, ;
1
7.6,z (9] = 6,6 (x-y)
"i X rc,n,j y - ij X<y,
. 4 »
[o(x),co(y)] = & (x~y)
1,60,z N) = [6&),g (] = 0. - 2.7

h]

In order to investigate Green's functions in the spontaneuosly

::lerived from (2.5) and (2.6):

. 2 Z . 2 '
M +2m m M
o 0770, .10 0 0 2, ~
{o(x) -J 7, +ifd’y D -9 {5+ mdo

-broken case, we first consider the following integral equations

(2.8)

(2.9)

(2.10)

0=
-Aoc(c +n)-ic}][G)
and _ ‘ 2 S .
0= [1~ri(x)'~-l.- if d4yD0(x—y) -29 1~ri = Agm (0 + n ) - iz }y] 6),
where 7 _ _ X
Dm(x) = __I_a__J’dl&p eipx % .
(2m) i pm -ie

For the sake of renormalization procedures, we prepare following

equations having two dimensionless parameters "a" and "n":

2 2
- 3~ aJ“ MAZ 4 fafy Doy (2 - DB

o 2 2
2M° , -R, 22.R R, R R
+at ZMc + a“m“o -)\Z)‘o [{c} +{1rj}]

. R R
- 1aht;o}y] |G Yan =
and
2 Mz ~R

~R | L4 0 R
= [ni + ifd yD (x—y)‘(Zw—l)Elni +a® 5

+ (az—l). mzﬁ};

It is easily shown that the above IGR)ah satisfies

2 2
. ~R.(~R ~R ... R R,
- Az, 70 {e7} + {nj} 1 - 1ahCﬂi}y] le )b

(2.11)

(‘2 .12)
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9
~R 1.2 2, .R 2 -
0= {Zw[Jo + EM a ZMU +m (az—l)aR
[ 2 2
M +2m . R R.
_ )\ZA(}R[{&R}Z +{"§<}2] + a2\ 3y a—1ah;0}X|G ) (213
and
_ R,1.22 ~R, 2 2 ..R
0=fUn; + 35 Malzgym; + o (a-Dn;
2 2
~R,.~R ~R R R
- + . - iah . .14
RCULCRERS LTI R ML (2.14)

It is very important that (2.13) and (2.14) in the case a = h =1
can be rewritten into (2.5) and (2.6) provided that
1 21
~ _ .2 =R R 2 R
g = Zw g, Cc = Zw EU »
1 s
- _ 2.R 2z
T, = T, 4 =
i Zw i ﬂl Zw Cﬂi’
2 _ -1 - =2
My =z, v, Ao T 2,2y A
and
2 2 -
M_+2m 2 2 2
2 [T _ . “ 2 M +2m
moN T -Zw m 2 . (2.15)
0
This fact means that hd
_ R
) = 16901 per (2.16)

so that physical Green's functions satisfying (2.5) and (2.6) can

be obtained from lGR)ah by setting a = h = 1.

10

‘Multiplying (2.13) [(2.14)] by %gléR] and then subtracting each

other, we obtain

ahif5 Gy (0 - T} |60,

i
2., 2
N RO T I OO R O M S IS G E)

Integrating (2.17) over space time, and using the fact that surface
terms vanish because of the absence of any massless particle in the
explicitly symmetry breakingtsystem lGR)ah’ we finally obtain Ward
identities (WI) in the form

7,7
R R _ 2 [vw4m® 4 . R,_. R
R RN e el R PR LR (2.18)

where Q?i's are defined by

<R . 4 ~-R R ~-R (2.19)

= - R !
Qg = 4 fd x {o (X)CN§X) Wi(x) Cc(x)} s
which are axial charge generators acting4 on a linear space of
covariant Green's functions, so that we have

. AR ~R N ~R
(Qg;» i )] = - 850 (x)

and

[@5;0 301 = 1700, (2.20)

It is important that WI (2.18) is valid for any value of "a" and "h".
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§3. GENERATING FUNCTIONAL

In this section, we will derive a generating functional for

covariant Green's functions satisfying (2.11) and (2.12).

this paper, we use dimensional regularization method.6]

"

show the meaning of a power of "a" and "h" in Feynman diagrams.

We multiply (2.11) and (2.12) by

exp{— fd Line ) 3.1
with
- 1,4 ~R.2 ~R, 2
.r;nt (x)ah-= - E(z -1)((3uo Y+ (Bunj) }x
2
+a (—z +—){(c) + (n) }
B ady?y
(ﬂj)
A2 6™2 4 GR 2}2 : (3.2)
T3 B j) x’ - ' :

and then this factor (3.1) is moved to the rightward by using (2.7)-

and (2.15), so as to operate directly on IGR)ah

Thus we find

2,, 2 }
CAC a\/“z—;‘z‘“— - an ] d'y Py hipiled | 3.3

0=
and
| 0= [73G0) - ah [ n°<x-y)c§i<y)1 [SV (3.4)
where
160 = ex - g5l d O RN (3-3)

4!

[Throughout

Finally, we

12

With the help of generating functional defined byz’5

R. R R
Wolds Jﬂ]ah

: (Hexpl fd"xuﬁi(x);’i‘(x) + 35058 jeh 3.6

Equations (3.3) and (3.4) can be solved in the form

R R

LA J"]ah = exp{ fd x dyaR 1(x)D (x—y)J 7]

_ B
+ Jg(x)Dm(x-y)J:(y)] +\sz;2“‘ afdéz.Jz(g) LG

Then we obtain from (3.5) and 3.7

R, R
W [Jo’ Jn]ah

m

(al exp fd"xuﬁ;x)#i‘(x) + 5 0 ¢M

4
exp{;%;j'd z ££nt

R R
[<s/esJ0 (z), sch"i(z)]ah}

.

exp{ %? fdAX d4y[J§(x)Do(x—y)J: 62
i i

350" oy 3 ()] 4y 2 “2’"2"‘ afd ZJR(Z)}, (3.8)

+

where
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13 . ) 14
R R
££nt[6/5Jo(z)’ 6/6Jﬂi(2)]ah The presence of
1 R .2 R, .2 Mtm® 4 R
= - =(Z - — [d ] 3.12
= - 3D Is/8 3 (@) +{dsaanj(z)}] ANy a2 @) (3.12)
2 m2 R 2 R, .2 .
+ az(% ZM + 7 )[{G/SJO(Z)} + {6/6Jn‘(z)} ] - in (3.8) and (3.10) is typical of our formulation. For this (3.12) to
. 3 .
) have well defined meaning, it is necessary that the ¢'s propagator p”
A R 2 R 2 ) .
A ZA[{6/6 Jo(z)} + {S/GJH_(Z)} ] in (2.11) has nonvanishing mass, so that we must work under the presence
J
9 of explicitly symmetry breaking term. [In other words, the term
R 2 :
-5 (sl83 (2))°. (3.9) 2 [\eom?
"j NSy o © plays the role of regularizing the spontaneously broken
system. ]

In a power series expansions of "a", it is more convenient to absorb

In Fig. 1, we draw all vertices appearing in Feyman diagrams

the last mass vertices in the right hand side of (3.9) into propagators
obtained from (3.10).

of w, so that 7's get mass m. Then we obtain from (3.8)
) Figure 1

R R R Vertices of types (a) and (b) exist in (3.11), while lines—o (in (e) -
Wi, 3] . .
g m (£)) with small bubbles at the end represent the effect of (3.12), so

that no propagators are attached to those lines. On the other hand,

L |
exp( op Ja'z £ [8/835(2), 6/83% (1)

i when lines with arrows —in Fig. 1 appear in Feynman diagrams, they

always accompany propagators D" (m#0) in (2.10). [Incidentally, we

4
exp{ %? fd X day[Jg (x)Dm(x-y)J: (y)
1 1 ) ' can neglect vertices of type (f), since we are concerned only with

2 2 R. R R
h f .
B Panm) W2 L ¢ S@), 6o WLI/WL0), hereafter. ]

Consider a connected Feynman diagram consisting of E external

+

lines, I internal lines and Va(vb’ VC, Vd and Ve) vertices of type

where £in [ ) is a chiral SU(2) x SU(2) invariant interaction given

t -
b (a) [(b), (e), (d) and (e), respectively]. Then the diagram in
y
R R question is found to be of order
Line 8783 (=), 6/6Jﬂi(2)]ah

2 2 +1-12V +7V
_ py R ,5 R m R (ah? a"a s, (3.13)
= Ly [ 8/835(2), GJﬂi(z)]ah +518/85 @) . (D

J
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where we have used that the number L of closed loops in this diagram
is given by

L=1+1-V -V_=-V -V, -V o O (3.14)
a c e

b d

and the total number VS of spurious lines (——o) is given by

Vs = Vc + 2Vd + 3V, . . (3.15)

Since VS appears in (3.13), it is convenient to explicitly draw lines

—o, in much the same way as we draw E external lines, and both

E + Vs lines would be referred to as generalized external lines.

Then diagrams can be defined to be one particle irreducible (or

“"proper") in the case when there does not exist one particle propagator

Dm‘in any single line of generalized external lines.

16
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§4. RENORMALIZATION

We shall prove that we can obtain ultraviolet convergent

Green's functions

H[7500 -5 () 6D

(4.1)

by using (3.9)-(3.11), provided that we properly choose divergenf z

factors [in (3.9)] in

Zw - 1= gim
N>
ZM - 1= gim
+ n—)oo
and
Zy - 1 = %im

e

non

a power series of "a" and "h" as

{2, ()1}
{z(m)-1}

{ZA(n)—li

gim

- Rim
N>

2im

n->o0

2 1
{.E (ah) zw,i},
i=1 ‘
n : .
i 2
EF§-fah) {h xM,i’+ yM,i]}
no
.{ifl(ah) zkri}. N (4.2)

First, we introduce equations (2.x)' and (3.y)', which would be

obtained by replacing both suffices R and factors Z's [in original (2.x)

and (3.y)] with Rnand Z(n)'s in (4.2).

As the assumption of

mathematical induction, we asSsume that Z(n)'s have already been deter-

mined in order for (3.9)' - (3.11)' to give ultravipiet finite

Green's functions

~Rn ~Rn .Rn
®IF ) .o (e

(4.3)

3+4n .
up to order a . Green's functions (4.3) are ultraviolet divergent

at order a4+n. This situation can be analyzed in the following way.
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Superficial degree D of ultraviolet divergence of proper

respectively. 1In (4.5) and (4.6), x ) corresponds to

v M, 0+ O, nt
diagrams is g;vén by ) D=2 (D = 0) and we have taken advantage of the fact that we can
freely add counter terms involving 6/6J§n(z), without violating the
i

=4 - (E+ Vot ZVa). (4.4) . finiteness (up to order aA+n) of transition amplitude (from g to

vacuum) obtained by calculating

. 44n
Therefore, in order to analyze ultraviolet divergences of order a ,

we have only to study Green's functions for E <4 (and E +'VS <4). ) expl h fd z&f (z) +& (z)}]-w (J Rn’ Jﬁn]ah

With the help of generalized external lines, we can factorize

divergent parts of order a4+n (for 1 < E <4) as diagramatically Rn

- (Hlexp[fd“xw‘;‘i‘(x)ﬁli‘“(x) e e, @

shown in Fig. 2

Figure 2 where

In Fig. 2, T's are proper 4 point vertices, and we ‘shall call Z ) Icin)ah = exp[é% f§42{il(z) + iz(x)}] '|GRn)ah (4.8)
pseudo self energy part. We find from (3.13) and (4.4) that ultra- with
violet divergenCé D = 2 of order a4+n in T originates f::: (n+3) - | (El(z) = %;(ah)n+1(h2xM,n+l + yM,n+1){[aRn(z)] . [" (z)]
loops contributions, while D = O divergences of order a in 2 and (4 9)
' come from (n+l) loops contributions. First we consider the amplitude and )

|~Rn(x)|G ) ,- From Fig. 2(a) Qe find that dimensionally ultra- fé(z) = 3r(ah)n+1zxn+1{[5Rn(Z)] + [ﬁRn(Z)]z} . (4.10)
violet divergent terms (DUV)8 like (n—é)—l, (n—&)-z, etc. (where n is V .
the dimension of space time,) can be subtracted away by chiral SU(2) x From (2.13)' and (2.14)', we can derive equations (2.13)" and (2.14)"
SU(2) invariant counter terms - for the new state IGEn)ah, which have the form obtained from (2.13)

. R .
and (2.14) by replacing Z's and |G )ah with Zw(n), ZM(n+1L ZA(n+1) and

2
n+1 2 Rn Rn GRn) respectively. Then (2.13)" and (2.14)" give the same
£(2) = (ah) W + Yy L1/ @)1 + [6/637(2)1) |6 Yoy TesP y g same
= WI(2.18)' even for lGRn) . First, we consider the following WI:
(4.5)
and ’ ~Rn

ih(H|s;, B 055 (y) -y (X)n (y)|G

£.(2) = - 2an?™ (/6% (2212 + [a/sJR“(z)]z}z W +2n” R o1 oRD
,(2) = - 7(a 2+l 5 s , N T (H]g (x)n (y)fd zg (2) 6.,y (4.11)
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where we have used (2.18)' and (2.20). We compare DUV of order a4+n

in both sides of (4.11), by noticing DUV in Fig. 2(b2) and Fig. 2(c)
behave like l/p4 at large p2 (where p ié the energy momentum of
external lnes), while those in Fig.VZ(bl) behave like 1/p2, so
that they should be cancelled. Thus we find .

a_ . (=0) (4.12)

[EO<P)] n+l

=~z 2 +
DUV W,n+1P

and

2

2y, 1P TE (4.13).

(2@ ]yy = -

where IZG]DUV and [Eﬁ]DUV are DUV in pseudo self energy parts of 0 and
T, respectively. '

Finally we consider

ih(H I-frl;“(x) gRa

(y)%§n(z) - éRn(x?ﬁin(y)ﬁ§n(z)

~Rn, | ~Rn, | ~Rn Rn .
+ 8,0 M@ |6

-- mz\/ﬁz—# T @b T 6™
' (4.14)
which can be derived from (2.18)' and (2.20). Coméaring DUV of order
34+n in both hand sides of (4.14), we find the relation which are shown
symbolically in Fig. 3.
‘ " Figure 3

. . 4
White blobs in Fig. 3 represent only DUV of order a +n. Especially,

proper two point white blobs in Fig. 3 include effects due to Fig. 2(b2)

N

20

together with Fig. 2(bl) [i.e., (4.12) and (4.13)], so that they

can be expressed'by

- 2 - '
,() T zW,n+1p + Yot =0 ‘4'15)
and
@=-2. . p+ 8 (4.16)
W,n+l ntl’ i
) ' . ~Rn| Rn
In (4.15) [and (4.12)), we have used the fact that (H|G |Gt ) h has

been made to be finitg up to order 34+n by (4.9) and (4.10). [Compare
Fig. 2(a) with 2(b).] 1In the last step.of Fig.” 3, we have used WI
(2.18) among tree (zero loop) amplitudes.

Since there does not exist any double pole on the left hand side
of Fig; 3, a double pole tefm 6n+1(k2 + m2 - ie:)_2 on the right

hand side shbuld not exist. Thus we conclude
8 =0, (4.17)

so that (4.15) and (4.16) give

2

©=¢-=- 'zw,n+lp ’

(4.18)
From (4.18) we find that the right hand side of Fig.3 vanishes
identically. IQ order for the left haqd side of Fig. 3 to vanish,

DUV must be pfoportional to zero loop's four point vertices. On the
other hand, we ha&e already eliminated DUV in 04 vertex by the countef
term (4.6) [i.e., (4.10)]. Thus [together with similar analysis for

O Rn i . . .
(H‘“inj"kQSQIGt )ah]’ we can conclude that there is no DUV in 4 point

]



[N &
21 ) 22
vertex 02n2(“4)_ Thus we have proved that Green's functions given " §5. ANALYTIC CONTINUATION IN "a"
by generating functional WR(n+l)[JR(n+l)] are finite up to order a4+n,

provided Z(n+l)'s are chosen as In §4 we have obtained renormalized Green's functions in a power
series expanison at a = h = 0. However, what we want to obtain is

. ' . _ _ .
2, (1) = 2, () + (ah)n+lzw a the renormalized Green's functions at a = h = 1 (see (2.1b)). Since

"h" is a loop expansion parameter, "h" is accompanied with Planck's

- ‘ n+l 2 constant K. Therefore, infinite sums induced by h = 1 are not
ZM(n+l) = ZM(n) + (ah) (h xM,n+1 + yM,n+1) (4.19)

specific to our treatment. On the other hand, infinite sums induced

n+lz ' by a = 1 are specific to symmetric renormalization procedure. We
A,n+l”

t

ZA(n+l) = ZA(n) + (ah)

consider this problem in this section.

The transition amplitude (H|8R]GR)ah can be obtained in the form

@[S, = T £ (@@, (5.1)
j=o0
where
fj(a) = izi.a gy (5.2)

The infinite sum in (5.2) is a so called resummation problem by Lee.9

Since we have used following lagrangian

1 2 2
L= -3 zw{ (auc) + (Su’nj) }

2 2
1 m 2 2
Zm +a ( + 5 YHo" + nj}

2 2 2
A 2 2 2"}4 +2m (5.3)
- % ZA{O + nj} +n Y=g ac

with (4.2) in carrying out renormalization, we can find9 that fO(a)

+ {-

in (5.2) is the value of g, where the classial potential
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: ' : 2 2
1 4 1 2 2 M m
V(o) = do + {5 m - a (G + )

, 2.2
24f M +2
-m ___ZAm ag X (5.4)
is stationary, i.e., .
2 7 3
V() =ad + (n” - a2+ ad)Yo- mZJ%‘“— a=0 .

In addition to fo(a), Eq. (5.5) has two other solutions, say, go(a)

2

(5.5).

and ho(a). It is easily found that fo(a)>0 for 0 Sa<1, and

' ' 2 :
. . .qf M .
£,(0) =0, g,(0) = 1\)‘“— s Bo(0) = - NT_ .. SR

In the range 0 Sa < a, (<1), go(a) -and ho(a) are complex conjugate to-

each. gther, while go(a) < ho(a) < 0 in the range a, <a<l1l, On the
other hand, we can show that a power series expansion (5.2) is
ab;olutely‘convergent in the region lal <e(<X¥1) in the complex "a"
plane. Since the solutién fo(a) of (5.5) has alw&ys'definitely‘

- .
different value from go(a) and hO(a) ‘in the region 0S<a<x1,

we can analytically continue thé expression (5.2) along the real axis:

i
Za"a

]

i
10 = Z(a-ag) By

_ i _ _ S 1
= E(a-al) Yi0 T cer = Z(a-1) dio, (5.6)
0 <a0<al<...<l)

where 500 is the solution of (5.5‘) at a = 1, so ‘that

24

: ' 2.2
_ oM +2m .
600 N o - _ (5.7)

Equation (5.7) shows that we can obtain physical renormalized Green's
functions in the spontaneously broken case, by-analytically continuing

GR)

renormalized Green's functions (}{HR(X) ....ER(};) along the real

ah

~ axis (in the complex "a" plane) to the point a = 1. It should be

noticed that existence of mass term % m202 without "a'" parameter has
played essential roles in this analytic‘continﬂuation scheme.

Since all other infinite resummations in fi(a') (i 21) in (5.1)
and in other renormalized Green's 'functions can be handled by

factoring out fo(a),we conclude that physical renormalized Green's

functions (at a = 1) can be effectively obtained by setting

f 2, 2
_of M +2m
fo(l) N - - , (5.8) |

Incidentally, it is useful in understanding our renormalization scheme
that resummation for Z's in (4.2) is always accompanied with "h", so.

(L]

that- it is not typical of "a".
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§6. CONCLUSIONS

With the help of symmetric renormalization (proposed by Leeg),

Ward identities and subtracting only dimensionally ultraviolet
divergent term56’8 (like (n-4)-l, (n-4)-2, etc.), we have renormalized
Lagrangian system (5.3) with small "a" i.e., in a power series

in "a" (not in "h" as in Lee's paperg). Since there exist physical
mass mb(m2 > 0) even at a = 0, we can calculate Feymman's integration
over internal energies-momenta without encountering any unphysical
divergences caused by tachyon like unphysical poles in propagators.
.This is not the case in Lee's formalism9 for M2 >0 in (1.2), so

that he assumed M2'< 0, i.e., spontaneously broken case was not
renormalized directly. Syﬁmetric renormalization scheme is much

i . . 10 | fo s f s
easier than Symanzik's renormalization, but it intrinsically has Lee's

resummation problem9 (5.2). We solved this problem by essentially using

mass vertices - %-mzaz in (5.3). This means that existence of

explicitly symmétry breaking term is crucial in intermediate steps

of anlytic confinuation of "a" along the real axisof the complex plane.
[0f course, it does not mean that we cannot set m = 0 at the final
result.] Final conclusion of resummation problem is extremely simple
in our case: We can obtain correct renormalized Green's functions at

a = 1 by imposing the condition (5.8).
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FIGURE 3 ConTINUED
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