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Quantum Electrodynamics in 2+1 diinensions (QED3 ) .has acquired increasing atttm--
. tion [1]-[6] because of its similarities io (3+1) dimensional QCD. A number of investi­
gations ha~e been performed. fo~;.. the study of dynamical chiral symmetry breaking in 
QEDa and very different results.have been obtained.- U~ing the leading order (LO) in the 
1/ N expansion of the Schwinger~ Dyson (SD) equation·, Appelquistet a!.' [1] showed that · 
the'theory exhibits a critical behaviour as the number N offermionflavours approaches· 
Nc = 32/1r2

; that is, a fermion mass is dynamic~lly generated only fo~ N < Nc. On 
the contrary, Pennington a;nd collaborators [2], adopting a more general n~n-pe~'turbative · . 
approach to the SD equations, found that the dynamically generated fermion mass de­
creases exponenti<i.lly with N, vanishing only as N-;-+ do; This' conclusion. was supported 
also by Pisarski [3] by the t,{se ·of th~ other methods. On the othe'r' hand, an alternative 

• non-perturbative study by Atkinson et a!.· [4] suggested that chiral symmetry is unbroken 
. ~t suffiCiently la~ge'N. The. theory has also beeh simulated on the lattiCe [5, 6]. Remark-· 

ably, th~ 'conclusions of Ref. [5] are in the agreement with the'existence' of a criticalN 
as predicted in th,ean'aly,sis of Ref. [!].while the_seco~1dp'aper [6] c~ntain~ th~ opposite 
results. · · · · · · ' · . . . - .- · . · 

' .Becau~e the critical ~alue Nc is. not large, the ~outributiou of the higher orders in the 
1/ N expansion cari be essenti~l and may lead to betterunderstanding of. the problem. 
The .Purpose' of. this work is to include t)le 1/ N correction to ,Appelquist et a:!., [1p;o 

. result. ·, 1 , ' , ' : 't; ·. , .-. ·, :: : ,', ·. · 
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The'Lagrarigian of massless .QED3 with N ~avours is. 

,. 
·_:· .'· ' •·. '. 1 2·. 

, L= 1Ji(t8 -. e:4}1Ji- 4Ft:v• . 
' ' ·.··; ,·;1 ,' --~ ,• ••• ' • :·, •. • ' .t '. ". ··:-._·;_ ' - ·:,· ' •. ~: . " . 

where )II is taken 'to be a four component complex spinor. In massless case, which we 
. are considering, the model containsinfr~red 'divergences, 'whicll can be canceled when the 
~odd is. ~":lysed ina 1/ N expansion [7; 'sr Since t.he theory i~ massless the mass scale 

·is the dimensionalcoupling constant a= Ne2/8 whicll'is kept fixed as N.~ oo .• • ' 
· ·In thefour component case~ we can·.iritroducethe matrices 'Y3 and 'Ys which anticom­

- mutate with ,;0 , ,;11 i\nd ct2- Then the ma.Ssless case is invariant under transformations 
· .• l]i-+ ~ip(io1,;3 }1Ji and IJi-+ exp(io2')'5 )1Ji .. Together with the identity rnatrix and b3,'Ys] 

. we hiwe U(2} symmetry for each spinor and the full global"chiral" symmetry is U(2N). 
· A mass 'term will break this symmetry to U(N) * U(N): The dynamical generation of 

s{lcli ti. ~ass will be considered here. It i~ al~o p'os~ible to inCI~.de a parity-nonconserving 
mass {see, for example, [9]}, however we ·will not considere this possibility here. 

Following Ref ... [1] .. we study ihe sohit.io~ ~r' the SD equatiori .. ,The inverse. f~rmion 
propagator has the form · · · ' · · · · · · · · ' · · · 

_,,: s-1(;) .:::, ·~[1 +- A(p)J (fiT, E(p)} ~ 

E( )= 2aT~~- . cPk .1"D,..,(p- k)[1 ~ A(k)] (k+ E(k))t"(p, k) .. 
P · N .. · (211'}3 . . · [1 + A(k)]2 (k2 f E2(k)) . . . . ' 
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where2.' 

'D . ( ,J = g,.v- (i - 0P,·PviP
2

, 

": 1 , p2'[l + Il(p)) · . 

., ?"·. 

'; 
~ • - ' < ~ + - • • \ ' ~ • - ' 

is.the photon propagator andfv(p,k) i~ the vertex function. 
.. -1. The LO approximations it~ the ·1 IN expansion are 

. . ' ' ~ ' ~ --: . - . ' . . . 

A(p) = 0, Il(p) =alI p ,, and rv(p, k) == /v, 
'. ~ . -· . . . ' l 

where we neglect the fermion mass in the,calculation of Il(p) .. The gap equ'ation is 
/ ',1• c( •, • ~:. ·, .... - •: ' " -'; .' - • :; • • • .' ' ' \ • • ' • • _. ' ·, 

. . 8a(2+er. J cPk _.,~ · · L:(k) ·. . 
E(p)=:.N .Tr· (27r)3k2 [(p-k)2+alp-kl]' (2). 

. where we ignor~ the term L:2(k).in the denominator of r.h.~., a~ this has be~n d~ne in Ref. 
[1) .. ·· .•.. •, .. · ... · •. '·.. . :. :.. . . . ,, :< .. ; ·. \ ....... ·.· .,, :··· > 

'Following Ref. [1), we set.. · ; 
' ., . l, { 

L:(k) = (k~)" . '< .. '· 
(3) ' . 

~ 'i 
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One can ~~e, that' for large a du! dLS. of eq.(2) together-with c~ndition' (3) (and the·.·· / 
< contributions of higher orders also) can be calculated h,Y-: the standard rules for massless 
diagrams of the pefturbati6n .theory (s~e, for exa"mple, [12]). Thus, we ha~~ for large a 

' • . . ' . . ' • ' •. . ' ;J 

<2+e 
1~= . j3L . ' 

.with j3;, (-a)C~+ ll2) and [;:J: 1riN, o; 
1
• 

. , '. ' .. ... ~ .· -l . , ·. . ,-- .· . - 't '' . : ··., -·. ' . <-

•.. o:l;.= (:...r ± [1- 16(2 + 01 LJ 1
'
2)/4 

' . .. , . - ' .. -.. ; -·· 

!,•' 

\r., 
I 

(4) 

We reproduce the sol~tion given by A ppelquist et alin Ref: [1]; Their analysis yields 
a criticaPnumber,offermions Nc = 16(2 + e)/11'2 ~ 1.62(2+ e) (i.e. Lc'= 16(2 +e)), such 
th~t for N > Nc: E(p)'= 0 and . . . 

.·. \,. . . ~' 
,E(o)~exp[...:.2;/{N/Nc.:.IW2]_. ..~ 

- .I • 

for N .< Nc. Thus, chi~al~symmetry b;eaki~g qccurs ,;hen o be~ome8 ~omplex, that is for 
'N < Nc. . .. , . " '"<, :·: · ., 1 .:',._ ·, :. • 

1
• •. •· .. • . 

2. The riext-to-ie~di.~g ord~~"(NLO) appro~im~tion his'been incl~a;d early by ;Nash 
in Ref. [10). He studied the solution of SD equation 8.s'suming the followi~gfor~ for j3(L) 

f3(L) == d(O (I-. b(O)! 
. L·. . L 

(~) . 

and found the weakening of thegau'ge depende~ceof the LO·r~sult; The NLO result .has 
·been found in the Feynman gauge: · , . · . 

1 
· . i . 

,'. d(1) = 8/3 ~ 2.67, b(l) ~7.81 

--=2-Fo-1-lo_w_i_n_g_t_h_e_R_e_f-. -[:-1-0):--w-e_i_n-tr_o_d_u_ce a nonlocal gauge-fixing term .. The detailed analysis ofthis( 
possibility has been given in Ref. [11): · · ' · 
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'· 
, , Note that .the ~eak' gau'ge depend~uc~of th~rcsult ,(5),is connected with its form, wllere,: 
· , · NLO contributions were sought as 1 IN correction to the LO ·result. This phenoll!enon is · 

similar to theabsence'cif the dynamical mass (i.e. gauge-independent terms) ~hen we use 
onlythe 1IN expansion without SD.equation (see ref. [1, 2)). . .. 
. We'calculate exactly the contributions of the NLO Feynman integrals (see Fig.1 from 

Ref.. (10)) using the rules for the calculation. of massJess diagrams: The results have 
,the cumbersome'form (they contain two- and thre'e-sum·terms)'and ~illbe given in the 

. · separate publication. ·Here we analyse orily sin1plified form;. which contains oniy the 
terms;;,. ( _;a)-k and;~ (a+ 1/2)-k (k = 1; 2,'3) fron\ the' series. These 'terms are lllOSt 
importa~t in the neighbourhood of.the critical point N< . . we get the following equation 

' ' , .. ,• . . . .. · - ' 

(2+0 . . . 1 .. · 
.r 1 =, , ilL. ;- [!(0'+ t3'r'(~l] ({3£)"2'•. 

·~ t : : ~ ... , \ I. ' , • ~ , •. . . .: . . • 

_(6). 

whereJ(e):::: 4(1~ 0/3- e, <p(~)= l7G/9- 411'2 .:., {1613)~ +Ae . . 
If we,take the coiidition (5) as .the solution 'cif ~q. (6), we get weak gauge dependence 

of the values of par'ameters.d and b as well as Nc' obtained from (5) for j3 = f3c :: 1116: - . . -
·., 

· d(e) = (2.53,2.62,2.67,2.62), b(eJ ~ (6.52, 7.19,8.24,9.51) 
' ' - ' . . i. , / ·./· 

Nc(O= {3.27,3:32,3.19,2.77) fore= (0.0,0.3,0.7, l.O), ' 

\respectively. Note that for.e = 213 and e =: -'-2 the solution (5) of eq' .. (6) is exact. . 
. ' Let us get the exact critical value Nc from eq. (6). Supposing a = a~ :: ...:.114 we 
'obtain the .critical values hi the followiJ!g form . . . . .. 

... Nc,±= 82[(;±e>~.{(2+0~·+·~·J(~j+.,~0/4)i12L . ·' ·'· ''(7) 
•• <• < 7r • . . . . . ' . . ., • 

i.e. 
Nc.+<O = (3.31,3.35,3.u9,2.si), ':Jv::-w.~.(~o.o7.o.38, l.z9, 1.88)''. 

,.. . • ' . \, ' • . ,.i, : 

for'e = (0.0,0.3,0.7,0.9), respectiv~ly, . , . . .. , .. ,. . . . . 
Not~ce th!!intriguing fact that full6w~ frorl1 cq.(7). The addition of 1/N co~rection 

leads to .the occurrence of the second .critical point ( for.0.05 _::; e ::; 0.95 ) s~ch that for 
N < N/. the chiral symmetry does not bl·eak.· The cl)·uamical mass gei1eration.exists in 
the inte;val between the,critic;:al pointsNc,- ~ndNc,+·' Fo~ ~ ·~0.95 this interval disappears . 
and the: chiral symmetry breakii1g is 'absent. tor· Small ·valUeS 'Of gauge parameter e I 
(f ::; ·o.05) new criticar·point doe~ not occur .. We not~ also that the dseof,_th.e· exact 
solution of SD equation in the first t\vo orders can change only .weakly the numerical 
values of critical pointS·Nc,+ and Nc . ..: ~but not qualitative picture of the decrease of the 
interva1, where the dynamical mas~ generates; with the increase of the value of· e. ' 

The solution· of the eq.{6) is. · 

!3±= ~[2 + e ~ .,(~) ± {(2 +02+ ~f(O +2(2. + e> 'P<O+ .,2~e))~'2] ·. 
I 2L .L. . . L . L, . 

has the simpleform in Landau gauge . ·. . 

. . f3±(e ;::; 0):;; ~ ·_[1 +. ip(O). ± J7 13 (~ + ]._ 'r'(O)) {1 + fg'r'2(0)/ £2. ) 1/2]' . , (8) 
. L 2L I < 14. L . . (1 < 1..~) 2 

. . , . ·. + 14 L 
' ' . . ' ~ . . " ' 
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where the last terrnin r.h.s. of eq.(8) is vel·y small for L"' Lc. Lea\·iug it out we get . • 
the following ~quatior~ for' /3.j. ·.: · ·· · · · · · · · 

~ : . ., .·. ..· ·. :~-1 ( . . - )' l 1 . '2.52(' 6.52) 
!3+Ce "': o):::: I+ .J71~£ + J+.J3/7cp(oJ w:::: T. ·1- T , . 

• -,;' >' ' ' - '' ' ' ,. ' 

which ha.S c~efBcients are cios~ ~o th~se
1

·f;om the paper[10] .... · . · . . · ' · 
.. · Re.s'ume. We included 0(11 N 1) t~rnis intoSD, equation ·exactly a~d found the strong' 
gauge dependence of the result which in general has not the form 'ofeq.(5) (see' eq. {8)) .. 
Hence,' the addition: of 1IN. correction does not lead t9 the ~ssential improvement' in 
our understr-nding of dynarnical chiral symmetry breaking .. However, we· ,note that in, 
Landau gauge, where War'd identities can be satisfied in the case of free vertex (see [13]); 

. ·th~'inchision of O(l/N2
) terms ~liglitly changes only' quantitative (but not qualitative) 

properties of the LO, results .. Thus ouranalysis 'gives furth~r evidence in favour of the 
solution has beengi~en by, Appelquist et ·;il. l!J. Hen~e,it se~nis that 'the ·II N e~pansion 
~f the kernel of SD equation de~cribes reliably thf: critical behavi~it'r:ofthe the~ry. 
" ' ·~ ' '·, I '! ' '' ' .·'; ' • ' ! '• •' J} l, '(. '. , .. ' l, '.I t • • ' • . ' •. '.. : . ' • 

,_'( 

References,\.: ;)' 

, ! [1] T.Appelq'ui~( ~;Na~h.a?~ .,u::.R.. Wijewardh~·~la, Phys.R~v.Lett:' 60, 25~5 (1988).' · 
• • , ,• ,' , ' ~ , ·,: ' ' ' • ,' • 1 ' . . . . . I ', • , • , 

, [2] M.R.Pennington and· D.Walsh; · · Phys.Lett. 253B;' 246. (1991); D.C. Curtis,' 
. -: M.R.Perin}ngtoll and D.Walsh; Phys.Lett: 2~5B, 313. (1992).' 

. •[3]•R.Pi~arski, Phys.Rev'.D29, 2423 (1984); D44, 1866 (1991): 
,' J , , '' ,. " • '."' '. , , ", ' ,, ' I , ', ~ ' ; " '"- •\ (' . 

;[4] D;Atkins~n; P.W:Johnson a~d P.M~ris, 'Phys.Rev~ D42~· 602 (l990). ' 
' . .-' .' '• ' ' ; / . • , :\ • f 

[5] E.Dagotto, 'A.Kocic and J .B.Kogut, Phys.Rev.Lett. 62, · 1083 (1989)i Nud.Phys. , 
B334, 279 (1990). .· ' ' ' ' ' ' I ' 

' • .• ,' I • , . ' 1 , , •• , ' • - ,' • , • ~ .' • , • , ." • ' 1 ' ,., . ·. • • 

[6) V.Azcoiti and X.Q:Luci,p~iver~ity of Za~agosa, Re~ort'No. DFTUz/92)18; ·1'992 
, ·(~npublished)~': •. · · : . .': : · , •··· • ' . . , · ·· · · ' · · ' 

. [7] T:A~pelq~isfand. R~Pisa~ski,Phy;.Rev: D23; 2305 (1981). 
• .' • ' \ '. ··, • ' ' • ,·' : ·:: -- '1: ',.''It ' '' '; ·., ' • I\'' v' 

[8] R.Jackiw and S~Templeton; fhys.llh•. 023,2291 (1981); T.Appelquist andU.Heinz, 
Phys:Rev:'D24; 2169.(1981). · · · · · · · 

[9]. T.Appelquis~, M.Bowick, i:>.'K~rabali and 'L.c.rr:Wij~wardha~a, Phys.Rev.~· D33, 
1 

. 3774 (1986). . . .. • ·. . . . ... :' ! ; I 

.. (10] n:Nash, Phys.Rev:Lett. 62, 3024 (1989).: 

[11] D.V.Shirk~v. Nud.Phys .. Baa_2,425. (1990).: • 
~ ' '.. I , ,'. , ·. . . 

[12] D.I.Kazakov,Phys.Lett. 133B, ·106 (19.83). .,,' 

[13) K.K,ondo and H.N~katuni, Mod.Phys:Lett. 4A, .21!)S. (1989);~ Nucl.Phys: B351;·236·. 
. (1991). .. . ' . ' l . 

Received-by .Pu.blishing Departlnent 
. ·. on Novemberl, 1993. ' 

\.:. 

I 

/ 

'·1 r. 

KOTHKOB A.B. 
0 KPHTHl!CCKOM none.IJ.eHim B TpexMepuoii 3JICKTpc 

TpexMepuaSI sJieKTpo.IJ.nHaMnKa c 4-KoMnouei 
qeua, CJie.IJ.ySI T .Anne.nKyncry n .D.P·, B ne.IJ.ylll,eM n CJ 

1 IN pa3JIO)KCHHSI. lloKa3ano, liTO npn YlleTe 1/ N ~ 
npou.ecca .IJ.HHaMHl!CCKOro HapymeHHSI KHpa.TibHOH • 
oT nin6opa Ka.nn6ponKn. B Ka.nn6ponKeJiaimay Kpn 

.N < Nc reuepnpyeTCSI.IJ.HHaMnl!ecKaSI Macca) yne.ni­

ueumo c noJiylleHHhiM B ne.IJ.yw.eM nopSI.IJ.Ke. B Ka.n 
l!eCKO~ 3HalleHite BoOOlli,C OTCYTCTByeT, T.e . .IJ.HH: 
pnpyeTCSI. 

Pa6oTa nhlnoJineua n Jla6opaTopnn cnepxnhlco 

llpenpHIIT 06oeAHHeHIIOI'O HIICTHTYTa IIAepHbiX IICC.: 

Kotikov A. V. 
On the Critical Behaviour of (2 + 1 )-Dimensional' 

QED in 2 + I dimensions with N four-comp 
following T. Appelquist et al. in the leading and n 
1 IN expansion. It is shown, that the range of the 

.the dynamical fermion mass exist, decreases stron1 
gauge charge. So, in Landau gauge the dynamic 
appears for N < 3.31, that is very close to the result 
Feynman gauge dynamical mass is completely abs 

The investigation has been performed at the I 
JINR. 
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