


Quantum Electrodynamlcs in; 2+1 dnnenslons (QED;,) has acqulred mcreasmg atten-’_ Y

; tlon [1]-[6] because of its similarities’ to (3+1) dimensional QCD. A number of investi-

|- gations have been performed for. the study. of dynamrcal chiral symmetry breakmg in

5 QEDs and very different results, have been obtained.- Usmg the leading’ order (LO) in the -

*:+.7 1/ N expansion of the Schwmger—Dyson (SD) equa.tlon, Appelquist et al. {1] showed that
S 'the theory, exhlblts a crxtrcal behaviour as the number N of fermlon flavours approaches '

o = 32/x% that'i s, a fermion ma.ss is dyna.mlcally genera.ted only for -N.<'N,. On
: the contra.ry, Pennmgton and collaborators [2], adopting a more general non- -perturbative -

g ‘1’;a.pproa.ch to the SD equa.tlons found tha.t the dyna.mlcally generated fermlon mass de- .
o creases exponentla.lly with Ny vamshmg only as V,— c0.: This conclusion. wa.s supported
~also by Pisarski [3] by the use of the other methods. On the other hand, an alternative

: : at’ sufﬁc:ently large N. The theory has also been 51mula.ted on the lattice {5, 6] Remark-- "

v as predlcted in the analysxs of Ref [1] whlle the secoud paper [6] contams the opposlte‘ :
E jresults R :

~/ non- perturbatlve study by Atkinson et al. [4] suggested that chiral symmetry is unbroken - -

3 ably, the conclusmns of Ref. [5] are in the agreemerit. with the existence of a critical N '

: Because the crrtlcal value N is: not lalge thc contubutlon of the hlgher orders in thef :
fl/N expa.nsron can be essentxal and may-lead ;to-better understandmg of .the problem o

: »where ¥ is taken to. be a’ four component oomplex spmor In massless case,’ ,whrch we
vt are con51dermg, the model conta.ms infrared dlvergences which- can be canceled when the‘g o
5 [model is a.na.lysed inal IN. expa.nsxon {7,8]." Smce the theory is massless’ the mass sca.le

ey, :is the dlmensrona.l coupling consta.nt a="Ne*/8 which'i is kept fixed as N.— oo, ' 10
“In the four component’ case, we can: mtroduce the ma.tnces ~3'and 7s which anticom:

1 we ha.ve U(2) symmetry for each spinor and:the full globa.l ?chiral™; symmetry isU (2N ) ‘
A ma.ss term will break this symmetry to U(N)* U(N). The dynamical generatlon of ;%

mutate with 70,71, and 2. Then the massless case is invariant under transformations '~
b e::p(zana)‘ll and ¥— ea:p(zaﬂs)\ll Together with the identity matrix and [73,75]‘

i such a mass wrll be; consxdered here It i is a.lso possrble to mclude a parxty-nonconservmg Al

Followmg Ref. [1].we study the solutlon of the SD equatlon The mverse fermxon

. propa.ga.tor has the form Sl = ‘
SO '; S“(p) = —[l + A(P)] (p+ 2(p))

- where A(p) is the wa.ve-functron renormalxza.ble coefficient and E(p) is a. dynamlcal, parrty- g
- . conserving mass taken to be the same for a.ll the fermlons SRS ;
The SD equa.tlon has the form v
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s, the photon propa.gator a.nd F"(p L) is the vertex funct10n. o
o ‘—1 The' LO approxrmatrons in the l/N expansron are: | oo
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A( ) = 0 Il p) -—ba/ lp ], and l“’(p,k) =¥ (s
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' Followmg Ref [1], we set

~ "One can’ see, “that’ for large a the r. h s of eq (‘7) together wrth condltron (3) (and the'ﬁ:“'{ s

’contrlbutlons of, hlgher orders also) can be calculated’ by-the standard rules for massless -
: dragra.ms of the perturba.tron tlleory (see fox example, [1‘7]) Thus we have for la.rge a’

sm=

I

with g

We reproduce the solutron given by Appelqulst et al in Ref [1] Therr analysrs yrelds

a cr1t1cal‘number of fermions'N, .= 16(‘7 + f)/ﬂ'2 ~ 1. 62(2 +f) (1 e. L.: = 16(2 + £)), such- ;o o .

; _,"-that for N> Ne. B(p) = 0and

R ek Z(ON ezp[ 271'/ N/N -—1 l/7] :
. for N < N Tllus,‘ c symmetry breakrng Qccurs when a becomes complex that is for N

'N<N L
" 2. The next-to- leadmg order (NLO) approxlmatron has been mcluded early by Nash‘ }

E m R,ef [10] He studled the solutlon of SD equatron assummg the followmg form for ﬂ(L) i - \,

ﬂ(L)

e

-been found in the Feynma.n ga.uge

()~8/3~26:,f b(1) lSll

2Followmg the Ref. [10] we mtroduce a nonlocal gaug&ﬁxmg term The detalled annlysrs of thls\ E
: possrbxlrty has been glven in Ref [ll] E . : S

T

S ; , R ") sseparate pubhcatlon
where we neglect the fermron mass in. the calculatlon of H(p) The gap equatlon ig T o l(:] o

{wllere f(g) = 4(1,— f)/3 &2, 99(5)

{obtaln the crltlcal values m the followmg f01 me

,for f

kand found the weakenmg of the gauge (lependence of the LO result The NLO result has . S i
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170/3 —"47r = (16/3){ +452 ‘

s I we, take the condition (5) as the solution’ ‘of eq. (6), we get weak gauge dependence‘,',,,"
of the values of parameters d and b as well as ‘N, obtamed from (5) for ﬂ ﬁc = 1/16 L

%
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(5) (2 53,2. 62 2,67, 26‘7), o) =

. N(g) (3 2, 332 3.19, 277) forf

! Let us- get the exact cr1t1cal value’ N from eq (6)

N c+(5) (331 335 3u9,zs1) lm;_(e)‘

(0 0 0.3,0.7,0.9), respectnelvr N
~ Notice the mtrlgumg fact that . follows l'rom cq (t)

('{0,6%“,.‘0,38', ‘,1/.'29,,1“.88')5;

For: small ‘values -of gauge parameter £
We note also" that the use oft the exact

u*
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has the srmple form in Landa.u gauge i
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"“'Note that the ‘weak‘gauge dependence of the result (5).is conne'ctedwuh its form, where °
*NLO contributions were sought.as‘1/N correction to the LO tesult. This phenomenon is
* 7 similar to the absence of the dynamical mass (i. e. gauge- 1ndependent terms) when we use - |

: only the l/N expansion without SD equation (see ref:'[1,2]).” S o
We calculate exactly the contributions of the NLO Feynman rntegrals (see Frg 1 from: -
e Ref [10]) using the rules for the calculationof massless dlagrams ,

“the cumbersome form (they contain two: and three-stim" terms) ‘and wrll be given in the
-Here we aual)se only srmphﬁed f01m, which: conta.)ns only the -
v (L = 1;2,3) from the series.” These ‘terms are most"’ :

i 1mportant in the nerghbourhood of the crrtlcal pomt N We get the followmg equatron ’

The results have °

Supposmg a = acr;-f—l/4 we :

'lheladdltrou of l/N correctron <
leads to the occurrence of the’ second crxtxcal point ( for 0.05 < E <0.95") such'that for
FN< Nc_ the chiral symmetry does not breaL The- dy narmcal mass generation exists in.
: ,j‘vthe interval between the critical pomts N and- Nc £ ‘For£>.0.95 this mterval drsappears
e and: the chlral symmetry breal\mg is. absent
BN (2 <70.05) new critical point does not occur.
- solution of SD equation ‘in the ﬁrst two orders can change. only- weakly the numerrcal
- values of critical points- Ney and N,z but not quahtatlve plcture of the decrease of the
L mterval where the dynamical masg generates w1tlr the increase of the value of f
S The solution of the eq. (6) is . e 'v S S :

RS



V5 “where the last term i inr:hs s. ol' eq (b) |s»\' v fsxnull‘ ro’i{ L~ fL;;;j Leavying’il', Plit “\\’)'e,_get' R
i the followmg equatmn for /3+ S ,’ 5 ,: » :,, RERE R -

252 1 6.52Y St
A fwhlch has coefﬁcnents are close to those from the paper [10] _ o el
l Resume We'included O(l/Ni) ternis into SD, equation: exactly and found the strong
o ,gauge dependence of the result which i in"general has not the form of eq.(5) (see eq. (8)).
‘Hence, the addition, of 1/N: correction does.not lead to the essential. xmprovement in;
o hour understandmg of dynamnical c]nral symmetry bneal\mg .However, we- note that in;
_Landau gauge, where Ward. 1dent1t1es can be satnsﬁed in the case of free vertex (see [13]),
" the! mclusnon of O(l/Nz) terms shghtly changcs only quantitative (but not qualitative).::
: propertles of the LO results. ;Thiis’ our. andly5|s gives further evndence i favour. of ‘the o

solution has been glven by Appelqmsl, etwal. [1] Hence, it seems that ‘the l/N expan510n e
)of the kernel of SD equatron descnbes ngxably the cntxcal behavnolu of the theory :
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