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Shielding in the Chiral Schwinger Mode!

by

T. Berger*, N.K. Falck* and G. Kramer
I1. Institut fiir Theoretische Physik, Universitit Hamburg

Abstract

Fermionic propagators and the Wilson loop of the gauge invariant chiral Schwinger
mode) are compared with their counterparts in the Schwinger model. It is made
evident that in the chiral Schwinger model the charges are also shielded as in
the ordinary Schwinger model. Furthermore we show that the Schwinger model can be
reformulated in such a way that it becomes the chiral Schwinger model endowed

with a special regularization scheme.

* Supported by Bundesministerium fUr Forschung und Technologie, 05 4HH 92P(3),
Bonn, FRG

I. Introduction

in the last years the chiral Schwinger model {CSM} has been proven to be an
example for a theory which is consistent in spite of being anomalous /1/. The

CSM has been treated in two different approaches: thg original “anomalous" formu-
lation /1 - 10/ and the "gauge invariant" formulation /7 - 15/. They differ in the
existence of a Wess-Zumino scalar € in the latter which renders the theory gauge
invariant /11, 16, 17/. Later it has been shown that the two formulations are not
very different, the "anomalous" formulation turned out to be a special gauge of

the gauge invariant formulation, namely the © = 0 gauge /13/.

Though there have been many investigationsin the CSM /1 - 15/, as well as in
its nonabelian extension /18 - 21/, the physics of the model is still unclear. The
reason is that most of the treatments use the bosonized version of the model, which
is not suitable to uncover the behaviour of the fermions. In the ordinary Schwinger
model {SM) the most interesting feature is the complete shielding of charges /22 - 25/.

Therefore it is desirable to know how the fermions behave in the CSM, too.

There are some efforts to clarify this point. In ref. /3/ the exact fermion
propagator has been calculated in the "anomalous" formulation. The result suggests -
the existence of asymptotically free charges (i.e. no screening), in contradistinc-
tion with the SM. In this ref, the calculated propagator is considered physical,
because it is thought to belong to a theory without gauge invariance. However, in
our opinion the "anomalous" formulation is just a specific gauge.of a gauge in-
variant theory. Hence it is not allowed to draw physical conclusions from the
fermion propagator which is a gauge dependent object *. In fact, we are going to
show that screening occurs also in the CSM. In ref. /6/ evidence is given to a

confining character of the CSM in a specific regularization (a = 0). Since the

—_————
The same feature has been observed in the SM: the fermion propagators suggest

different behaviour in different gauges/4/.



operator solution of the model with a = 0 is inconsistent /2/, we do not want to con-
sider this case. Instead, we confine ourselves to regularizations which are un-
doutedly reasonable, nmamely a > 1. After completion of the present work we noticed

a paper by Wiyake and Shizuya /26/, who investigated the fermions in the CSM. They used
the operator sclution of the model in its bosonized form to reconstruct the fermions
from the bose fields. Their conclusion (namely that there is shielding) coincides
with ours, however, we consider their argument not to be totally convincing (see

below) .

It is the purpose of the present paper to study the fermion behaviour from the
path-integral point of view. To this aim we investigate gauge dependent and gauge
invariant fermion propagators and the Wilson loop. We use the striking similarity
of the resylts in the SM and the CSM to conclude that the charged fermions behave
in the same way in both models, i.e. that charges are shielded. This statement is
also supported by the close relationship between the SM and the CSM, which we are

going to establish.

This paper is organiied as follows: in section II we explain the models and set
up our notation. In section II! the fermion two peint functions are caleulated, We
present the calculation for the SM and explain how this has to be modified to reach
the corresponding results for the CSM. In section IV we show that the Wilson loops
of the two models coincide and in section VY we demonstrate that the SM may be re-
formulated in such a way it looks like the CSM with a special regularization.

Section ¥I contains the conclusions.

II. The Schwinger Model and the Chiral Schwinger Model

Classically, the models are defined by their classical actions. Upon guantization,
it is also necessary to fix the fermionic measure for the specification-of the
model. In the SM, having no anomaly, it is fixed'by the requi}ement of gauée in-
variance /27/, In the CSM, such a requirement cannot be fulfilled. Hence quanti-
zation of the fermions spoils gauge-invariahce. AAdetaiTed analysis of the Faddeev-
Popov procedure has shown that gauge invariance automatically is restored by thé
quantization of the gauge field /11, 16, ]7/. The mechanism is such that the gauge
degree of freedom contained in thé gauge field becomes alive as a Wess-Zumino
scalar field, which cancels the fermionic anomaly. In this way the classical action
of an apparently anomalous theory is modified by a Wess-Zumino term at the quantum
level, teading to an amomaly free quantum theory. This quantum action is called

the standard action /11/.

Qur notation is:
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where X is an arbitrary vector. In this notation the models are specified by the

actions:
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where the CSM is endowed with a reguTarization prescription which renders the
theory gauge invariant. Note that this is only possible in the "gauge invariant"
formu1at1on where the Wess-Zumino field is present. The parameter "a" in the
standard action of the CSM reflects the ambiguity in the definition of the fermi-
onic measure /28 - 32/. It also occurs in the Wess-Zumine action since this is
just the Jacobian for a transformation of the Fermions with 6 as {(finite) para-

meter /11/. The generating functionals for the models read
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Here SGF denotes the gauge fixing part of the action. For reasons of comparison

we assume the same gauge fixing condition for both medels.

In two dimensions it is possible to write 5#,1n terms of two scalar fields

according to

A=

=% (
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The fermions can be integrated out by rotating the interaction away via the trans-

formation:
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Inserting this into the fermionic actions shows that X is a free (noninteracting)

fermion fieid. The resulting effective actions are:
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As we pointed out above, the parameter a coming from the fermion integration has
to coincide with the regularization parameter in the Wess-Zumino action. For our
purpese it is allowed to integrate over the Wess-Zumino field, too. Then the effec-

tive action for the CSM becomes very similar to eg. (9) /11/:
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The masses in the SM and in the CSM are given by /33, 1/:
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respectively. This means that the two actions (9) and (11) differ only in the

masses m and M of the bose field. The effective actions may be used to read off
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the exact photon propagators, in the Lorentz gauge (£, e, (%MA")Q)

they are found to be

-
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with M2 = m?(m2) in the SM (CSM).

III. Fermion Two-Point Functions

In this section we compare the fermion propagators of the CSM with those of the SM.

We investigate the usual {gauge dependent) propagator as well as the gauge invariant

propagators, where the fermions are connected by a string. In both cases we shall
present the calculation for the SM as detaiied as necessary in order to point out

which modifications have to be made in the CSM.

a) gauge_dependent propagator

As usual, the propagators are defined by:
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Using the transformations of eqs. (7) and (8), respectively, these propagators can
be calculated in terms of the free ones. Since these transformations are precisely
the ones which have been used to calculate the effective actions, the propagators

can be written as
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The matrix character can be eliminated by projection onto left and right handed

states:
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the other compenents of G vanish. The right handed part of GCSM is just the free
propagator, the left handed part {GESM)'is the same as GgM {with the appropriate

rescaling of the mass). Hence it is sufficient to calculate the propagators for

the SM:
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This can be evaluated following the lines of ref, /6/, where the left handed pro-
pagator for the CSM is calculated in the £ = 0 gauge. The resuft is a universal

correction for the left and right handed propagator, in the Lorentz gauge it reads:
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For o = 0 this can already be found in Schwinger's paper /33/. As indicated
above, eq. (21) implies for the CSM:
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Egs. (21) and (22) contain the exact fermion propagators of the SM and CSM, re-
spectively. We want to note two observations concerning the CSM: Firstly, the right
handed fermions remain free in spite of the fact that the regularization of the
fermion determinant uses a coupling of the gauge field to the right handed fermion
/2% - 32/. Secondly, for the left handed fermions the only difference between the
SM and the CSM is the modification of the gauge boson mass. Eqs. (17) and (18) show
that the behaviour of the left handed fermions is only influenced by the effective
features of the gauge field. In the CSM the interacting right handed fermions of
the SM are mimicked by the Wess-Zumino field. This leads to the simi]arity of the
effective actions of both models, see eqs. (9) and {11}, Hence it has to be expected
that the left handed fermions in the CSM behave precisely in the sameway as they

do in the SM. This means that fermionic charges are shielded in the CSM, too, since

they are shielded in the SM /23 - 25/.

For « =0, eq. {22} has also been calculated in ref. /26/. There the behaviour

for (x-y)}2 ~»> - has been used as an argument for confineﬁent. This, however,

contradicts the interpretation of ref. /3/, where the fermion propagators {(in & = 0

gauge) has been shown to become the free one as {x-y)? —-o , suggesting the ex-
jstence of free left handed fermions. Therefore it seems to be insufficient to study
the large x behaviour of the (gauge dependent) fermion propagator in order to draw

physical conclusions.

b} gauge invariant propagator

The preceeding discussion leads us to look at gauge imvariant objects. An example
is built out of two fermions connected by a gauge string. in the SM, this has been
employed in the construction of the gauge invariant algebra /23/ and in the defi-
nitien of the fermionic curren£ via point spTitting /22, 34/. The corresponding
time ordered expectation valug is the gauge.invariant prﬁpagator, in the SM it
reads:
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In the CSM, only the left handed propagator needs a string because the right handed

fermions are gauge invariant anyway:
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The phase factor is not unique /35/, for definiteness we understand the line inte-
gral to be taken aleong the straightpath between x and y. The gauge invariant pro-
pagators can be evaluated in the same way as in the preceeding section: the fermicn

fields are rotated into free ones {egs, {7) and (8)), then all fields except the

gauge field are integrated out. This results in:
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Expressing G and § in terms of A and parametrizing z(t) = t + (y-x) + x,

R
Gop

pagator, here only the (gauge invariant)} g”‘"-part of the exact photon propagator

can be evaluated. In contrast to the calculation of the gauge dependent pro-

contributes, The result is
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i.e. the correction is the same for the left and right handed parts. For the CSM,

2 new calculation is not necessary, the result can be read off from eq. (28):
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EESM has already been caltculated in ref. /6/, where the ancmalous formulation has
been used which agrees with the & = dauge in our approach. Due to gauge invari-
ance of EESM the results coincide. Again, there is no difference between the be-
haviour of the left handed fermions in the two models (apart from the different

photon mass).
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1V, Wilson Loop
Usually, the standard test for confinement is the calculation of the Wilson lcop
/36/, which is defined by the expectation value

e A o 2#
W= < e b4, > . (30)

Taking the 1imit that the temporal extension of the integration contour tends to
infinity, W can be used to define the potential between two static fermionic charges.
This shows whether it is possible te separate the fermions or not. Unfortunately,

in chiral gauge theories there seems to be a problem: static charges have to be
infinitely massive, A mass term for the fermions, however, is in conflict with

chiral gauge invariance. Hence one has to invent new massive fermions with non-
chiral coupling to the gauge field which can serve as test charges *. Nevertheless

it can be hoped that these additional fermions do not change the interpretation,
since screening is caused by the polarizability of the vacuum, In the relevant in-
finite mass Vimit the heavy fermions cannot be pair-produced, thus they do not

contribute to the polarizabitity.

For the evaluation of the Wilson Toop all fields but the gauge field are integra-

ted out, this yields

e bAd Lz o 8rad
t?& fdz . yg (3n)

Wi =fd A e
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*
In fact, this has to be done in the ordinary SM as well because the massless
fermions in the model cannot be used as test charges, either,
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Since the only difference between the effective actions is the photon mass, the
result for the Wilson toop is the same in both models. For the SM, it has been
calculated in refs. /37, 38/. There the potential between two static charges in

the distance d has been found to be:

L o2et o, e (33)
Vi = (1-e )

which can easily be converted to the corresponding potential in the CSM:
t A
Vv =2 (4-e ) (34)

Both potentials show confinement for small d {linearly rising potential) and
complete screening for large distances (constant potential). This shows that
{apart from the difference between m and i) in the CSMthe polarizability of the
vacuum is sufficiently strong to screen the test charges completely, precisely

as it is the case in the SM.

¥, Relation between the Schwinger Model and the Chiral Schwinger Model

Now we want to show that the SM can be reformulated in such a way that it looks
like a £SM with a special regularization prescription, This is done by decoupling

the right handed fermions only. Ther the resulting fermionic action is the same as

.. X . t'/LPR
in the CSM. The fermionic Jacobian for the transformation % — g ¥ reads
_ Cue 2 oakd ul 35
!}HJR[A’A]_mrjdXIA?‘“F +ca—4)g/lcr/£]J (35)
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Here we have fixed the regularization for the right handed Jacobian such that
i} the left handed Jacobian is regularized as in the CSM /32/ and 1i) vector-
like transformations are treated as in the SM /27/. The right handed fermions are

decoupled if A=-(¢c+¢3 . Then eq. (35) becomes

. z
_ _ e 2 e MY+
‘%J'g“» (r+r)] T fd x[(zua)/-l/“A —4/4/‘ T A, I, (37)
[t may easily be verified that the combination of J,[A, -G+ with the

result of integrating out the left handed fermions (eq. (10) with 6 = 0} just
gives the effective action of the SM (eq. (11)). As usual, the nonlocal term is
removed by introducing an auxiliary scalar field ¥ . This gives for the genera-

ting functional of the SM:
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Identification of & with 8 {eq. (3)) shows that the ordinary $¥ can be viewed upon as
the special case a = 2 of the CSM (note that the SM is independent of & and that
the CSM does depend on a)-)So 7t is not astonishing at all that the left handed

fermions in both models show the same behaviour.

*
N.K. Falck thanks B. Schroer for useful discussions on this point.
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¥i. Conclusion

We have studied fermion propagators and the Wilson loop in the CSM. As a result,
we have found that the left handed fermions behave in the same way as they do in
the SM. This is evident by the striking similarity of the considered quantities
in the two models. This coincidence is true for all Green's functions containing

only left handed fermions and gauge bosons, as can be proven in the same way as

we showed it for the left handed propagators. Hence alse in the CSM the polariza-

bility of the vacuum is strong enough to shield charges completely, as it is the
case in the SM /22 - 24/, This proves that the left handed fermicns do not show

up in the physical spectrum.

The CSM defires a whole class of quantum theories which only differ by the
value of the reguiarization parameter "a", We have shown explicitly that this
class contains the ordinary SM by bosonizing the right handed fermions. The CSM,
in its bosonized versicn, containes a massiess state in addition to the massive

state of the SM /1/. This does not harm because the noninteracting state ®-ze

in eg. {39) can be added at will without altering physics, Hence it is due to the

bosonization procedure, which is also evident from the fact that in the fermionic

CSM the exact boson preopagators do not show such a massless state /14/.

Finally, we want tc remark that our investigations concern the topolegically

trivial sector only. For a treatment of the nontrivial sectors in the SM, see

/39, 40/, in the CSM up to now not much progress has been made into this direction.
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