Effects of Chern-Simon term on
scalar,spin density 1n 3-d
gauge theory

: o %mMMM'M’%*'“‘”“:Rﬁ?!u'-‘-~“-'*-;.,_ s iy T VR B s SR B

Thermal quantum ﬁela’ theory and its
appllication,PanasonicYukawa Hall,
August 31(2010)Yuichi Hoshino,Kushiro National College of

Technology







1 Thermal D-S equation

S-D equation for fermion mass at finite T QED.Imaginary

part of the propagator.
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1st term:on-shell photon in the lowest approximation, in-

).

frared divergent.2nd term:on-shell fermion but mass is
not fixed-> mass changing effect.by Hiroshima,Nara Group.First
term drops in instantaneous approximation.




2 spectral function in 3-d QED

1 Old attemt by Bloch-Nordsieck near p? = m?,
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2 3-dim-th suggests validity in whole region.we evaluate
F(x)

Sp(x) = Sp(x) exp(F). (2)

3 QED: infrared divergences with massless photon deter-
mine anomalous dimension as KT as In(u|x|).

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

5 <@w>i o 0 or oo for 2 and 4—spinor,Z2_1 = 0.
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2.1 Soft-photon summation

Photon attached with external line is most singular by
low-energy theorem
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O(e?) spectral function F is given
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2.2 Evaluation of F

w :infrared cut-off.
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In quenced case for finite u, F' is written as
62
37

&P(=plz)) e?

s vy —Iﬂf/‘lEi(ulﬁvl))—&n/r—2

Ei(u |2])

o2

—(d - 1)

expltid [zl /= ! ()
1671




where

Eifl), = /1 i eXp(t_Zt)dt, (8)

Ei(p |2|) = —y — In( |2]) + (1 [2]) + O(1?).  (9)
For the leading order in i we have at short distance
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where v is Euler’'s constant and m is a physical mass.

m exp(—m |z|)

mp(z) = ep(F) (1)
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There is mass shift and its log correction
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exp(F') is parametrized in the following form

exp(F) = A(p |])PC1=] (13)
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8mm 87
F' acts to change power of |z| and mass.If D =

1, Sp(0) = finite. <@¢> o¢ p.Unquenched case.Using
massive fermion vacuum polarization.

exp(F(z, 1) = [ py(s) exp(F(w,v/5)ds,  (15)

1 1
p~(8) = 6(s) + A Im o)

Good agreement with S-D equation with vertex correction
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and vacuum polarization.




3 Minkowski region
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There is an infrared cut-off effect.
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where tan§ = u/s.
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4 Renormalization constant

In the beginnings we assume the asymptotic field ;3 (2)t— 400, —co
vV Z2Y(x) out,in-If we assume spectral function,we have

sp) = fastalle1t o)

moZyt = lim tr(p®S(p)) = [ dspa(s) = 0,19)
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This may show that non-pole contribution is not positive
for spectral function in the case of comoposite operator
insertion by K.Nishijima[11].




5 Chern-Simon QED,QCD
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There are two redundant matrices which anticommutes
with other three v matrices.

There exists two kinds of chiral transformation ¢ —
exp(tay), ¢ — exp(ays)y,

for massless theory invariant.U(2) symmetry is generated
by {1474, 75 Vas}-

Mass term breaks {74, v5} symmetry down to

U(1) x U(1) generated by {I4,v45}-
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Ordinary mass met1) breaks chiral symmetry.Parity vi-
olating mass mo T is parity odd but singlet under chiral
transformation.Parity transform is z’ = (29, —z1, 22).Here
T is a spin density.

W byl = B = i) —ny(@). (29




Chiral representation with mass m+ = me £ mo
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5.0.1 two-component spinor (7)

qguenched case 6 is an intrinsic cut-off and we have no

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

p°(s) = 8(s—62), p2(5) = SI(8(s— 6%) ~ 8(s)]. (28)




In O(e?) we have 1/p - k

1 v+ In(8)z|)
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As in QE D3 we set anomalous dimension D > 1 for
finite vacuum expectation value
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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].0 dependence of mass m may

be small.For infinitesimal @ linear approximation holds,we
have m = e2/8m as in QED.




In QC D3 instanton effects is pOSter
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unquenched case

QO = AN +w\©m

This approximation holds for 8 > 2m.Including vacuum
polarization function that is written by parity even and
odd piece
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The exact propagator is given by
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Property of M r(p).Not a pole but zeromomentum mass.In
the weak coupling limit Mgr(p) = 6 is a pole.the Fol-
lowing Coleman’s theorem for Chern-Simon QED and
Toplogical Ward-Identity for Topological QCD,Mg(0) =
g°n/4m,we may use renormalized parameter Mp(0) in

place of 6. Then we have a spectral function for unquenched

case
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4Sp(x) for N =173, D =1 in unit of €.

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.

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




5.0.2 4-component spinor

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

m4 = Me = Mg (39)

2 D
114 —e D+ m m 1 d—'1
b EAY

2m 4 (p-k)? p-k k2

ypefmyTy
my 460 p-k

+ (myT4 — m_7_). (40)

(v p+my)ry
m%r(p2/m%L — 1 4 ge)i D+

(0 piml)n;
Tz o - \1+D
m? (p?/m?% — 1+ ie)l TP~

SF(p)p—oo

(41)

There is no extra constraints for
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6 Summary

QED,U(2)— > U(1) x U(1)

C-S QED can be understood by our mehod.

2-spinor: <E¢>+ = finate.

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

Summation for n.
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