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Рассмотрен вопрос устойчивости двумерной массивной модели

Тирринга, включающей составные поля типа У'Ч'*' (^
t
 V -

- компонентный спинор в изотопичеоком пространстве; L-l,7, ^

Найдено выражение для асимптотики эффективного потенциале сос-

тавного поля и показано, что при V =1,2 при достаточно ма-

лых ^ (%~ константа взаимодействия) теория является устой-

чивой. Рассмотрена в?а же тзория в пределе больиих V (V~ i )•

приведены аргументы, показывающие, что для значений А/>2

теория является неустойчивой.
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OK THIS STABILITY Or1 TtfO-DIMaHSIONAL

TIMING LIODZL

The question of the stability of two-dimensional massive

• • •

^ 4 f
Tirring model, including composite fields of the type

coraponent spinor in the isotopic space) ia considered. The

expression for the asymptotics of the effective potential of

composite field is found and it's shown that for /V~1
9
2 with<7

' a

being rather small, ( Q is the interaction constant) the po-

tential is stable. The зате theory is considered in the liicit

of large /v Qf^ ^ ~q2 J> the arguments showing that for

values/V^>^the thsory is unstable, are given.
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/ere»an 1977



УК EVAN РНУЫСЗ INSTITUTE

EWi-226-(I9)-77

R.P.OniGOItYAK

ON TH3 STABILITY OP T./O-DIM3NSIONAL

TIRRING MODEL

I

Yerevan 1977



Ереване кий фи*чяеский ццгти—„'г. 197?

Г й щ ^ ^



'•'/ . ' • • ;

Interaction models, including composite fields are inten-

sively discussed lately* Discussion of such models seems to be

useful, ав the requirement of the stability with respect to ex-

citations, cox-responding to composite fields operators, can

lead to additional limitations on the models ( by stability we

mean a limitation cf & potential from below). It's convinient

to etuaj the problems of stability of theories l»y ii«vi3tiga •

ting the asymptotlcs of the solutions of renormali*ation group

equations for effective potential, that appear to Ьэ inhorao -

geneoue for the potentials of composite fieldsW.

In the present psper the problem of the stability of two-

dimensional massive Tirring model, im ding composite fields

of the type т Чг* С У**
1 в
 А/

ш
 aponent spinor in the

isotopic spaoej i*if»-Af) are considered, This model is

asymptotically free. In item 2 the equation of the renormaliza-

tion group for generating functional of Green*s functions is

; derived and Its asymptotics is found. The expression for asymp-

i' toticti of the effective potential of the composite field is

also found. In item 3 the same model is considered in the limit

of large AtyV^yJiin thXe ease all the values are calculated
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precisely. In item 4 the comparison of the obtained results

with the result:} of the paper" are given.

2. So, let's consider the theory described by the langran-

gian

The generality functional for renormalized Green*s functions

(for both elementary and composite fields) has the form i1i

where Zkfl is given by the expression

i? — renormalization constants of }A - field and the ver-

tex fjT^^correspondingly, the value (£-2M) jT'^fc

is the mass counterterm ; ^ is the sourse to the elementary

field and К is the sourее to the composite field).

Let*в limit ourselves to the case when 9*"
ж
0^шО

and К does not depend on coordinates. Introducing W(К)

by means of the relation Щр(К) = S^W(K) С Q
W

is two-dimensional volume) and following the papaer VI
 w e

deduce the renormalization group equation for W(K). it has

the following form

ii

where



Л/ is on auxiliary mass, and the results in (5) are given in

the lowest order approximation over the charge. (Note, that

in the one-loop approximation Zf. is United; besides, since

the renormalization constants can be chosen independent of

mass parameters of the theory, the values Z^ and Z.^
 c a n

 '

be chosen equal to each other. Since the value Y£ Q , theft

according to analysis in paper*•'•', the asymptotica

at К -* **> is proportional to K2
 (the limit W(K) is sup-

posed to exist at Q -* О ). Presenting W(X) in the

2
 we find the equation for & :

(the term Y± К at К~* oo ±
a
 omitted)- For the renormali-

zation prescription described in** ' the asymptotics

consequently (X. , does not depend on mass parameters and H.

Solving the equation (6) we get the equation for asymptotics



l'h<3 expression for aaymptotics of the effective potential w(Zj

determined by the relation

has fche following fora:

In the cas<3 /У — 2 for V (ZJ ws have

i'rom formulae (J) and (10) one can see that when Af ~Iy2

and g is rather small the potential is stable irrespective of

| the quantities and the signs of unknown constants Ci and C
t
.

I As ons can see from formulae (9)» the second summond dominates

| for /V>2 and at small 6t , and in this case one can't say

I a^ythin^ definite about the sign of V (ZJ as the sign of

i
;
 constant Сi is unknown. However, the supposition that С±

Ж
О

V, for any value of /V seems to be reasonable. The first argu-

I; meat in favour of it is that the exponent of Q is fractional

к for arbitrary /V in formula (vjjt Secondly, the exact solution of

I the model at large / V (A/ *\» dj ) as it

f' will be ehovn in item 3, leads to equality Q± ss O.

Щ
|}i ?he considered situation гшу change if vr?»ll t&ke values

Ш Qyj.. no^rever, in this caue the expressions (?), (3) and

jfe: (10) are in generai improper and to solve the 'ruestion of the $

It stability of she systsm опз should know the behaviour of |

IK a
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functions Р(Я)пХ
 Q n d

 Xs
 a t

 large # without the per-

turbation theory.

3. Sow let's consider the same model at /V^^y. iror such

velues of /V one can calculate coefficient C± in expres -

siona (7) and (9).

In this case the main contribution to the expression Гэг

) comes from diagrams, proportional to the value

) (fl i3 the diagram order). Let's present W(

in the form

where Wi (k) corresponds to the sum of the series of dig-

rams , the general term of which can be presented in the form:

CO"--Co

Al l o t h e r diagramu w e ' l l r e l a t e to V/2 C^J • -:'° : l a r ' i

these diagrams w i l l ce.^in v«itn the ii?.gm:u of the t v i r i -

i n JvQ. i'he f i r s t tivo t^rtus of thin nerves a r e uriovr. in .

-•I .>-'
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(Diagrams, corresponding to counterterms are obvious to con-

tribute to Wi(K) and Wa(K) ).

The asyraptotics of )X/± (K) is easy to calculate ( V %

represents the sum of the series of the geometric progression)

The values &($) • Y and )C are calculated exact

ly and are equal correspondingly to

How let*s substitute the relation (11), with the value W±(f<)

determined by the expression (12), into equation (4) for

K ^ ^4 in which the values В($) • ft" and jfe
are
 8

i v e n

by the relations (13).We'll get the homogeneous equation for

(p is a scaling coefficient), for which the following expres-

sion is the solution:

where Q (£J satisfies the equation

ц
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Since the theory is asymptotically free, wo can insert Q "**

and then the expression (15) will take the form:

T~T

W
t
(K,Q

} (17)

Comparing the formulae (17) and (12) we see, that Wi(KJj.B do

minant at К ^ t* and the asymptotics of W(H) is de

fined by

Comparing expression И8) and i7) we conclude, that

4»In paper tJ the model described by the langr«ngian

(19)

A/ 4

was considered for values /v
 Л0 •%£ ' > which is equivalent

to model (1) at / / » e O for the same values of /V • The plot

of the effective potential V(6"c) for the renormalized mod?l

(19) pointed out the stability of the theory ( (Ĵ  =

a '^gr = ^O/GJQ/t, j Wc±B the generating
functional of renormalized Green's functions of the model (19),

U is the external source to the field Ф* ). However based

on improper written formulae (5.11) and (5.12) in paport^J,

the erroneous conclusion about the coincidence of values

and V(Zc) was drawn (Z
c
 - |^"= <°/Рф% }

f, is the generating functional of model (1) with Af
a

is tne sourse of the composite field
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fhe correct analogies of the formulae (.5.11) and (5.15)

in naperi
2
' look eorresoondingly like

(20)

and lead t'o ths following value for the asymptotics of

«* ~

the model (19} at / И ^ ^ Т being stable with respect to

excitation of the type (S^ appears to be unstable with res-

pect to excitations of the type ^ £ c ,

The euthor is indebted to X.V.Tyutin and A.S.Linde for

valuable discussion.
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