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o Phase structure of Topologically massive gauge theory
with fermion by spectral function

o Yuichi Hoshino, KNCT,7/21,Panasonic Yukawa Hall
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1 An alternative to Dyson-Schwinger

€q

1 Old attemt by Bloch-Nordsieck near p? = m?,

a(d — 3) e?
7a:

Yinmn
S & V= .
F(p) m2(1 — p2/m?2)1-D 27 At
2 3-dim-th suggests validity in whole region.

3 QED:severe infrared divergences with massless photon-
> cured by vacuum polarization,1 /N approximation,

4 TMG:Chern-Simon and Instanton effects modify aoma-
lous dimension.

5 C-S- dependence of Fermion mass is assumed to be
small.

6 <E¢>i — finate or oo for 2 and 4-spinor.
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2 Soft-photon summation

Photon attached with external line is most singular by
low-energy theorem

(rtk) v+ m
(’l“ LT k)2 m2 T
x exp(i(k + 1) - x)U(r, s). (1)

O(e?) spectral function F is given

Tl i 'u(ka >‘)

3
i / A 6(k2)9(k0)exp(ik-az)ZTlTl. (2)
(2 AL

In this case the spectral function p is given

exp(—m |z|)
4| x|

p(p) = [ P exp(~ip - ) exp(F). (3)



Model independent form

vy m?2 1 d—1

§T1712—62( 1 +1)[(’r-k)2+(7“'k)+ 12

].

2.1 Evaluation of F

w :infrared cut-off.

3
D@ = [ 5802 — 12)0(K0) exo(i - )
_ ep(—plz)
 8milx| ()

F = ie’m? OOozdaD ( 18 Ood D
= l ple+ar)—e thlec plx 4+ ar)

0
‘4D
— ie“(d — 1)8—/L2DF(w) (5)
In quenced case for finite u, F' is written as
2 2
e exp(—u|z|) . G0 1
lss (T — || Ei(p |z[))— Ei(p ||)

87 M 8wV r2



2

~(d =) exp(—plzl),r? =m?,  (6)
where
i) = [ 222y, (7

Ei(u|z|) = —v — In(p|z]) + (1 ]z|) + O(1%). (8)

For the leading order in u we have at short distance

(1+d)e® e?y e? e?
= | — |z |
L6ms AEsTreyarl sy n(p|z]) + 7 || In( |2|)
2
e
— — |z (d+1—2). (9)
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where v is Euler’s constant and m is a physical mass.

m exp(—m |z|)

mp(z) = exp(F) (10)

A7 | x|



There is mass shift and its log correction

2 2

e e
Amle] = <o In(u o) - = |zl(d+1-27). (11

exp(F') is parametrized in the following form

exp(F) = A(p ||)P+C2]

2 2
ve e
A=c¢e + d+1)),
iHgarey v Haen et )
e? e?
D= , C' = —.Gauge invariant.
8mm 81

(12)

(13)

F' acts to change power of |z| and mass.If D =

1, Sp(0) = finite. <@¢> o 4.



3 Screening effects

00 p,y(s)ds
p — 8 + 1€

Dr(p) = | (14)

Im M(k)0(k? — 4m?)
m(—k2 + Rel(k))2 + (ImN(k))2’

pr (k) = 8(k) +

(15)
o2 (1At Vs 2
(k)= LN /T2 )lm(2 +¢_—:2)—4m]
I 28N“/_ 2(—k? > 0,m = 0). (16)

Assumption my,;,, = ¢/Nr.

z7l = /O ~ pE(s)ds. (17)
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Z3! for N =1/2..10 in unit of €? = 1.
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4 Minkowski region

p?/m? = s

1 T3 —i(s—1)x R
s [7 e exp(F())  (18)

p(s) =

25

20 4

10 4

p(l) forc =1, N = 1.



5 (1)

(09) = 4 lim mp(x).

We have <$¢> as a function of N and c in 1/N.For
small N or large c,fermion mass becomes large.In this

case the photon spectral function has a quenched §(s)
which yields vanishment of <E¢> i
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<$¢> as a function of IV <@w> as afunction of ¢ for
for c = 1. N = 1.Critical behavior.



For D=1, m = ¢/N7 we have <@¢> ~ —0(1073)e?
which agrees Schwinger-Dyson analysis for small N.mp,, s >
m(p = 0).Chiral symmetry U(2n), breaks dynamically
into SU(n) x SU(n) x U(1) x U(1) as in QCD.

6 Summary

1 if we input mass, we have massshift,log correction
and anomalous dimension which are gauge invariant.
2 d = —1,Including vacuum polarization we can

avoid infrared divergences.
3 There may be a critical coupling for <$¢> # 0.



7 Chern-Simon QED,QCD

1 1 Ll
1

—(8- A)? 19
+ 104 (19)

1 W et 2
+(iy - (0 — ieA) — m)y +i0HC - D,C

1
0 - A)> 20

T ) (20

{’yluvfyl/} i 2g,LLI/7g,u1/ H d’iag(l, =1 —1)

o3 O AL VRN E eiigo, 0
(0 —0'3>’7172_ Z( 0 —0'1,2>’

e AL iR G 1 1 (0 —iI
74 =450kt 5 I O 775—70717273_ ’LI O )

4 i . i
Va5 = ¥ = —ivaY5 Y4 = Y va Vs = Yvse (21)
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There are two redundant matrices which anticommutes
with other three v matrices.

There exists two kinds of chiral transformation ¢ —
exp(taya)h, Y — exp(ays)y,

for massless theory invariant.U(2) symmetry is generated
by {14,74, 755 Vas}-

Mass term breaks {74, v5} symmetry down to

U(1) x U(1) generated by {I4,v45}-

2
(22)
Ordinary mass met1) breaks chiral symmetry.Parity vi-

4 g FEQ 1+7
7= a4 F gl sli= | gl g T = :

olating mass mo17T is parity odd but singlet under chiral
transformation.Parity transform is #’ = (29, —z!, 22).Here
W1 is a spin density.

O byl = B = i) —ny(@). (29



M = y14 exp(icyyas), MPTYN~" = —473p.
Chiral representation with mass m+ = me &+ mo

1
mel +moT — 7P
(72- ki ?2n+)f+ Ll (72- P+ ?‘)T‘cz 2)
PR e gl 1ok kg bl

Sp(p) =

7.0.1 two-component spinor (7)

guenched case 0 is an intrinsic cut-off and we have no

infrared divergences.f is assumed to modify the anom-
alous dimension of fermion.

P ' 2
0 i L gluy Tl k"u,ky/kf FE Zeelu,yp/k' ) k/,LkV
Dh(k) = ~s @i TR/ = BBy b,
(25)

pi(s) = 8(s—6%), 58 () = [(6(s—6) ~5(s)]. (26)



—e*(y-p+m), m? 1 (@-1)

T, = [ 17 13 ]
)\ZS 2m (p-k)2 p-k k2
_y-pemr (27)
m 40p-k
In O(e?) we have 1/p - k
1 In(60
el el g i e
p-k 8mm

As in QE D3 we set anomalous dimension D > 1 for
finite vacuum expectation value

e? e? e?

D = >1,m =e’/8n/(1— 13
snm 3270 = b= € /8m/ (1= ), (29)

which may be consistent with the Laddar Schwinger-

Dyson eq.by T.Matsuyama & H.Nagahiro.lt has been shown
that <E¢> o 6 in [6].60 dependence of mass m may
be small.For infinitesimal @ linear approximation holds,we
have m = €2/8x as in QED.



In QC D3 instanton effects is

g 9:n92/47r,n(0,:|:1,:|:2,...),

MR ML S b 1
1D = 87Tm—|—8n21,m—e/87r/(1—8—n),
WAt <E¢> — finite. (30)

unquenched case This approximation holds for 6 >
2m.Including vacuum polarization function that is writ-
ten by parity even and odd piece

kﬂky

n,uu(k) X7 (g,LLI/ )ne(k)+29€MVPkPnO(k) ( )

The exact propagator Is given by

kuk,/ —1

— N(k)
(32)

Dy (K) = (g — 457 — M (k) 2572

We have a spectral function for unquenched case

(guv — kuky/k?)p8(k) — seuvpkp/0p° (k).



F(z) = [ ds(o"(s)F*(V5,2) + pO(s)FO(/5, )
— D%In(6%|z|) + D° In(6°|z)), (33)

exp(F(z)) ~ (B5)P°(60)P°|2|P.  (34)

Thus the phase structures are the same with that of
quenched case. C-S QED:large N,only broken phase.

Topologically massive QCD: large N¢,only broken phase.

pglx) forc =1,n = pg(:c),c: ik ot =
1,N; = 3,5U(3). 1,N; = 3,5U(3).



Gauge dependepent terms of vacuum polarization 'l has

a cut
d

nén%) « (35)

_p2
for d # 0 gauge.Spectral function from this term van-
ishes in the infrared. Thus it has no effects on the infrared

behaviour of gluon propagator.

R.Pisarsky& S.Rao discussed the infrared behaviour of I
at higher order and point out the above results in pe-
ruturbative sense.

7.0.2 4-component spinor

It is easy to derive the anomalous dimension in the 2-
component spinor case.

m+ = me = mgp (36)



There is no extra constraints for

e? e?

T 8tm+ 32760

D4

8 Summary

QED,U(2)— > U(1) x U(1)
C-S QED can be understood by our mehod.

2-spinor: <@¢>+ = finite.

4-spinor: Both of <@w>i can be finite 7.
What can be done for Topologically massive QCD 7

Summation for n.

0@

> exp(ind)

n=——aoo
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