
zero quark mass, the ground state and a multi­

-quark state at a lattice site can be degenerat­

ed in energy. When all lattice sites are combined 

this becomes an infinite degeneracy. 

The third problem is formulating the free 

quark theory on the l.e.ttice, The question is 

what to write as the finite difference form of 

r 'J or ~f f • The simplest finite differen-

ce form of y,.,. , unfortunately, givea zero 

energy to eight different moiQentum states 

( the states with ~ = 0 or i[ for each i), 

This means one has ei,ght quark species. All 

known methods of avoitiing the multiplication 

destroy chiral symmet:ry, unless one uses the 

very nonlocal approach of Drell et a1. Each 

group has their own favorite method for 

dealing with the problem. These methods are 

always designed to re,store chiral symmetry in 

the continuum limit. 
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POWER COUNTING THEOREM FOR INFRARED 
LOGARITHMS IN NON-ABELIAN GAUGE THEORIES 

T.K1noshita and A,Ukawa 
Laboratory of Nuclear St.diee,Cornell University, 

Ithaca, New York 
In recent years the theory of quarks 

coupled to non-Abelian gauge bosons has emerged 

as a promising field theoretical aodel for 

understanding the spectroscopy of hadrona &Dd 

their reactions. In spite of its qualitative 

successes, however, the basic preaise that 

qllarks and gluons theJIIselves are permuently 

bound within hadrons and never appear as 

as~ptotic particles is yet to be verified. 

It has been speculated /l/ that the 

severe infrared divergence o:li: non-Abelian 

gauge theories, as is indicated by the growth 

of the effective gauge coupling constant at 

large distances, aay provide a aeohanisa for 

such confinement. The viability of this idea 

has been demonstrated in 2-diaensioD&l gauge 

theories 12/ in which free quarks are tmeed 

eliminated froa the particle spectrua because 

of infrared divergence. 

(However, this aay be due to the low di­

aensionality of the space-time, having nothing 

to do with the non-Abelian nature of the 

gauge group, Thus, there aay be no easy gene­

ralization of these results to the 4-dillenaio­

nal case). 

On the other hand, the information on the 

4-diaensional case is rather limited at present: 

Conrwall and T1ktopoulos /'J/ have atteapted 

to sum up the leading infrared logarithas. 

Other recent works are concerned with the study 

of relatively low orders or directed toward 

an alternate verification or extension of tae 

cancellation theorem / 4 •5•6•7/ • These works, 

however, do not answer the quastions concerning 

the nature of infrared singularities of non­

Abelian gauge theories such as 1. What are 

the differences of non-Abelian gauge theories 

and QED? 2. Does the Bloch-Nordsieok ache•• 

work in Sllch a theory? 'J. What is the la:rge 



distance behaTiour of quark.-Dtiquark 

potential? 4. Do their theories intr1Dsicall7 

require no~pertur~tiYe approaoh? 

As the first step for &D&l7Zing their 

pro'bl•, we ha.Ye deYeloped within the Fe7:aaan 

diagr.. fr .... ork a 8eneral method for preoi­

sel7 date~ the power of iuf~ed loga­

rithas for arb1tr~7 diagr .. s /&/ • It is 

applied speoif1oall7 to the quark eleotroaag­

netio :tom faotor shown :lJl l"i8.1 in whioh 

quarks h&Ye f:l.D.1te ... s n1 aD4 the aoaent-
1 II 

transfer~= p- p is alao finite. 

p' 'Wjp' qu:rk line 

gluon liu 

J,. 
I I ~ IJ=p-p 

colour siJlllet 
ourrent 

ne r8111l.t of our aual7sis li&,T 'be statet ( with 

soae OTe:r-e1&pl1f1oation for the salr:e of 

olar1t7) as foll01rs: 

l'!!!f!l oogt1llJt Qeor•• Let G be an 

arbitr&r7 !PI colour siJlllet ourrent-fer~~io:a­

,.fel!llion Yertex diagr• and let FG be the 

oorrespoDding renormalized Fe,mmau amplitude 

for whioh all renomalizations ( except for the 

fermion mass which is renol!llalized on the aass 

shell) are perfomed at an otf ... ss-shell 

point r 
faotor of 

• Suppose ( the •electric• fora 

) FG beha'Yee u 

FG- - o...( ~ A.) TV\~ + .. · 

in the liait in which au appropr1&tel7 chosen 

infrared cu1;-ff tell4s to zero, where CL 
2 2. 2 

depell4s on q, , m , f and the sau8e 

coupling constant 9 oD17. Then we haYe 

= the !l•ber of nontr1Tial 

infrared singular subdiagruas 

of G • 
oro explaiu the content of this theor•, -

must defi:a.e soae words. 
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i. Illfrared s~ar su'bcliagraa. It can be 

~own that the oD17 subdiagra~u of G ( inclu­

ding G itself) which are infrared siUgiUar 

are the follcnr:!.q: 

~~~ ~~.~~ 
:~ ~~ ~~~ 

:P1g.2 

11. AU digr•s of 1"18. 2a are nontriTi@.l 

1· •• oo:a.trtbute one Ull.i.t to me;. • 
iii. l)iacrus of 1"1,;.2b,o are nontriT;lal 

if u.d oD17 1f the7 oc:a.taiu no triple-gluon 

Tertex like 

!'i8·' 

iTo Diagells of Fi8o21,e,f COWlt as J... 

nontriTial iufrared singU:Lar subdiat;r• where 

L is the II&Xill• nua'ber of ;a.on9Terlappiu&"91 

ultraTiolet d1Ter8e:a.t su'bcH.a8l' .. S wit!du such 

"'' subdia&r•· 
'fo UJ.ust:rate this theor9, the Talues 

of rn, for scae staple diagr•• are shown 

ill 1"18.4• 

I I 

01ltl1ne of the pro•f· The Fe~ 

•plitude Fr;; corresponding to the diagraa G 

of Fi8ol oau be expressed in the form 
00 

F. "' { ~( L- L~i)n ch.,: jG (a)' (1) 
6- J •E:6- iEo6-o 

where z.L. z.2 ,... are 1"~ par•eters. 

!'he dia&r•s with quark loops are f01Qid to lie 

less 1Df:rared-s1ngular than those of the salle 

orde11 withDut quark loops. 'fhus, we shall 

consider oD17 the d1&8l'MS shown in 1"18•': 



G-=1>GJ:P 

Fig.5 

where P consists 

of quark lines onl7 

and ]) consist a at 

gluon lines onl7. 

For such diagrams all :Lnfrarod diTergences ari.e 

se fro• the region ef :paraaetr:l..c space where 

z.- ~ 0 for all 2. E:- E" • 
Thus, the 1nfrare1! diTergent part of F,s. 

is contained in the inhgral. 

~= )eo;,··I.li)flJe,) ~(1-_l.zj)flchj .JG-(t-), <2) 
cH 1Cf J(;]) J FI> 

whore »c is a saall tixed peaitiTe cozt.ttant. 

If we introduce the function 

(J) 

which is a f\mot1on of .2.J· , belonging to the 

quark path P onl7 , .:F G be wr1 tten as 

(4) 
:fG ~ ~ 9( ~o- 2_ 2;) .n ch, J.:t> (l). 

ic P c:t£ 

low, to deal first with the infrared 

diTergenoea arising fro• quark self-enorgr and 

quark Tertex p~ts, let us consider the scale 

transfel'll&tien 

z z' 1 
.:z = 2~ (5) 

i.t" ~ <J. I Z '2 = C(Z.-~ > ••• '~,·e ~ •e ' 

is an arbi trar7 subset 

of P • ~en, we find fer f' -"> o 

·1 d ~ 0). (6) 

Wo obtain the followilllg relation between t 
and d : 

iL!!U• (i) d !S l (ii) d=! holds 

if and onl;r if it, ... , 1{ aalce up a continu­

O'IlS quark path of an :l.nfrared singular sub­

diagram ( see Fig.2). 

To illustrate tbjcs l_a, consider the 

following diagram: 

Fig.6 
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For the continuous quark paths J J., 2, 3 J, l 1, 2] 
and J 3 J we fiDd 

:TJ>(t.1 ,z .. ,z~)- {i!.L+~._.,..i!3 )~ 1 d~f=3, ~(7a) 

_L_ J.d J 
[,;2 (7b) 

·--7 
2, .,..zz. 
L j ~ t~ J... 

(7o) 
~ 

i!"!> 
~'lla, (7a) giTes a logarithaic diTergence on 

integratien OTer i!.1. , z .. , 2-l> , (7b) giTes a 

finite result, and (7o) is logarithllic but 

aotu&ll;r beeoaes f~te because of ihe infrared 

suppression of the tkree-gluoa Tertex ( see 

l"ig.J). 1'he integrations oTer the re.aining 

quark paths J .J. J , J 2 J , ) 2, 3 3 are aJ.lj&!rared 

finite. 

~s leaaa leads to the restriction of 

infrared d1Tergent subd:l..agraaa :l.l'n'olrtag quark 

linea to those of l":l..g.2a,b,c. 

l"roa th:l..s anal7s:l..s it fellows that the 

infrared s:tngular part of .J; faoter:l..ses into 

a product of eentr:l..but:l..on of all infrared d:I..Ter­

gent aubd.:l..agraaa. ftj.s propert7 eulllea 111 to 

prOTe the theor• with the help of W&rd's 

:l..dent:l..t7 and aath .... t:l..oal :l..:a4uot:l..on~ · · · 

1'he infrared aiJlgular:l.. t:l..es ar:l..aing fr• the 

gluon d:l..agraaa of F:l..g.2d,e,f can be included 

in the thoor• llalcing use of the singular:l..t7 

faa:l..l7 :l..ntredueed b,r Speer /lO/ • 

R!!•rka, 1. !h:l..s theor .. :!.a stated for the 

Fe~ gaqe. If ether gauge are used, 1t aust 

be ao41fied aocordtagl7, 2. For s1apl:l..o:l..t7 :l..t 

ia stated for the •eleotr:l..o• fora factor on17. 

:rcr tho ~cnot:l..o• fora factor, the power of lk~ 
aust bo reduced b7 ene. ), It :La foraulated for 

the case ef aass:I..Te quarks and f:l..xed ~ 2. • Other 

inter eating cases such as ll&aelesa quarks and 
2. 

tho leading behaT:I..our for Ter7 large C{.- can be 

anal7sed b;r a alight •edification of our tech­

niq'lle, 4. In the case where G- oontaina onl;r 

subdiagraas of Fig. 2a, b the theor• shews that 

tho leading :l..ntrared singular d:l..agrama are 

restricted to those which are planar and hawe 

nests of these S'llbdiagraas, S'lleh a struotue of 



leadillg diaSr&lls is fo'lllld to persist eTen 

after subdiagraas of Fig. 2c,d,e,f are inclu­

ded. Thus, all leading diagr&lls can be generatel 

by a set of DysoA-Sohwillger integral equations. 

!his BaT be useful for the purpose of summing 

11p the leadillg infrared singularities. It m&T 

also serTe as a starting point of search for a 

renormelization group like equations for 

infrared diTergenoe. 
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MACROSCOPIC INFLUENCE ON THE SPO~AREOUS 

SYMMETRY BREAKING IN QUANTUM FIELD THEORY 

n.A.Kirzhn1tz 
P.N.LebedeT Physical Institute,Moscow,USSR 

I. Introduction 

The aim of this report is to giTe the brief 

reTiew of the results concerning macrosco­

pic influence ( heating, compression, external 

field and current) on elementary particles 
*) 

systems with spontaneous symmetry breaking. 

The stud;r o:f this problem has been stillulated 

by recent progress in unified renormalizable 

theor;r of elementary particles. T;rpicall;r 

it appears that at soae T&lues of external 

paraaeters ( temperature, field, density, 

current) a phase transition with s;rmmetr;r 

restoration takes plaoe. There exists a profoUld 

and far going analog;r with phase transition 

in m&QT body ph;rsios especially with supercon­

duotivit;r phenomenon (sc). Some applications 

to Cosmolog;r are also considered in this report. 

2. The model 

The Biggs model is used for description 

of broken s;rmaetr;r 

~ 2. I 1
2 

L.,.-~(~AY-';>YAr) + :Drf -~- (l) 

~ 2. >- I ll.j L + rr ~~' - Lj If 1- f<m,.;,, , 

where ::01"' = ')- 1- i ~ At" , >- <.<l , d << J. · 

This is a relat:LTistio analogue of Ginzburg­

-Landau theor;r of sc. Proa eq. (l) one can obta:ln 

the ef:fectiTe potential V(rJ) ( energ;r or 

free energ;r) in the •external field" () .. <1.p'> 

The equilibriu. condition is 

~) _ .>.. rJ3 _ r'" () T r = o c 2) 
.. (!" - ' 

where r is diagr&lls of the current of the 

field Cf 
At small ~ the Biggs mechanism giTes 

IJc.I'O because of Bose-Einstein condensation of 
2. z. 1 2 "- ,,. MZ. 

~ -quanta ( see fig.l) and m*~M >0 m ~4 -:r_ cr·-~-
1 I > fc> d "' l .... ).. • 

*) For more dotails and aeferences see LG • 
LebedeT Groupa A.DoLinde + rapporteur, 
Annals of Phyeica,N.Y. ( in press) 


