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ABSTRACT

It is shown that in the c—» oo limit of the massless Wess-Zumino model Susy is unbroken but

chirality is spontaneously broken, Explicit breaking by boundary conditions is discussed.

1 - The study of symmetry breaking in the tree approximation takes into account only the zero-
momentum mode of bosonic fields. A step further in the study of nonperturbative phenomena related
to symmetry breaking can be done by means of the l/c expansion(l). To zeroth order massive
particles are described by Galilean fields and massless particles by quantum mechanical coordinates
which are the zero-momentum components of the relativistic fields. This is consistent with the fact
that massless fields, propagating with infinite velocity in the c—» o limit, must be constant over
space. . ‘
It has been shown(z" that the zeroth order reproduces the infrared features of a number of
relativistic theories containing both massive and massless fields, including QED.

If all the fields are massless the relativistic theory undergoes a dimensional reduction to zero
dimensions becoming ordinary quantum mechanismcs. The potential parts of the reduced theory and
of the relativistic one are the same as far as zero-momentum modes of bosonic fields are concerned,
so that they coincide at the tree level. The reduced theory, however, takes into account also zero-
momentum modes of fermionic fields and some quantum mechanical effects.

In the case of Susy, moreover, the 1/¢ expansion receives some support from Witten argument(B)
that Susy breaking, being related to the difference between the number of bosonic and fermionic

modes of zerc energy, does not depend on the parameters of the theory. Now the velocity of light is




one of the parameters like masses or coupling constants.
We will investigate in this paper both chiral and Susy breaking in the Wess-Zumnino model in the

(%) (b.c.). Susy can in fact be

c—» oo limit. We will also examine Susy breaking by boundary conditions
broken spontaneously by imposing different b.c. on fields in different multiplets or explicitely by
imposing different b.c. on fields in the same multiplet. In some cases breaking by b.c. gives a positive
energy to the vacuum already at the tree level. This is not so for a unique Wess-Zumino multiplet,

which makes it necessaty to investigate the effect of b.c. at the quantum level.

(5)

2 - For periodic b.c. the c—» oo limit of the Wess-Zumino Lagrangian density is

2= 8,912+ 2% 10, +| h|?+ (e 1) x

1)
+ go(goz b+ 9%2 0% - g, (970, +PXL% 0, 1%),

where ¢ is a complex bosonic coordinate and X is a Pauli (anticommuting) spinorial coordinate.
This Lagrangian is invariant under the Susy transformations
op=- 1% 6Z=-i6t<po?e*+hs ; gh=-is 2% 0, %, 2)
which are the c—» oo limit of the relativistic ones.
For x+0, a mass is generated without Susy breaking. It would be interesting to solve the c—®co
problem for any x and investigate how the limit of zero mass is obtained. This would allow us to make
contact with previous investigations of the chiral properties of the vacuum in Susy theoriees(é).. We

have been able, however, to solve the problem only for x=0. In this case Lagrangian (1) is also
invariant under chiral transformations

0p=-iap 6X=i%x ; dh=2iah. (3)
Let us introduce dimensionless variables by rescaling the fields according to
—————
Z 1
,m—+,¢——————¢ ; X —» —ays ()
L4 ’ Lz

where Z is an arbitrary dimensionless parameter, L is an arbitrary length and A an arbitrary energy.

Introducing the canonical momenta
w= 0,0 ; n*:btw (5)

and eliminating the auxiliary fields we get the Hamiltonian density

__4 x 2 (% )2 I % N
H= LBZ lj” Ty gt @TP) + g 621». +RQ )Cg-zx , (6
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where g =

Byt



The nonvanishing comrnutators are

[w,n:l = i, {x’d,xﬂ}m% .

Hamiltonian {(6) is related to the generator of Susy transformations

VA |

/ , -

- 7 1 [n*+igq)*2j 1+ ‘-n+ig(pz} UZZT}
NZL Nz - .

{Q;‘,QB} = dag H -

Finally the generator of chiral transformations is

by

q=+i@ ¥ -T@)+ % *x.

The: zero spin states can be written

|@> - [@o (@) +52% 0, 2* @, (qv)] | 0>,
where | 0 > is the fermion vacuum

X l 0> =0.

If Susy is unbroken, a normalizable state must exist satisfying the equations

Qf ¢>=Q*|g>=0 ,
which are equivalent to

TP +ig o*’q, =0

W@, rig 9”@ =0

Introducing polar coordinates

L, e

Pz ——
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and expanding the gpk according to
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so that for the state (11) to be normalizable n must be 0 or 1
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K2 /3 is a modified Bessel function and f; 0 and f, ; have the same asymptotic behaviour for large ¢
? ?
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We see that Susy is not broken,in agreement with Witten index argument(”. Chirality is instead
broken, because the two degenerate vacua (19) have chirality 0, 1, respectively.

We have evaluated numerically the lowest eigenvalues of Hamiltonian (6) which are reported in
the figure. ’
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FIG. | - Energy levels of the c—» oo limit pf
the Wess Zumino Hamiltonian in units A/L°Z
oL 080 for g= ,/\./'2—‘k R




3- Let us now consider the effect of different b.c. on the fields. We will require some of the
relativistic fields to satisfy periodic b.c. and others to vanish on the surface of the quantization box.
These latter will therefore vanish in the c—»oo limit. If the complex scalar field vanishes,
Hamiltonian (6) also vanishes. If the spinor field vanishes, the lowest eigenvalue of Hamiltinian (6) is
greater than zero, so that breaking by b.c. gives in this case a positive energy to the vacuum.

Suppose now that only the imaginary part of the scalar field vanishes,sso that Hamiltonian ()
becomes

2 1.2 4

He = 3 ["1 +58° 91+ NZT'g @ (1" 0y 2™+ 20, x>:| . (22)
Let us consider states of the form

g, =( 1: o * o, 2 3¢ 9, | 0>. (23)
For such states

(X 0y 4 x 0, P, =20, (24)

so that we can replace Eqs. (22) and (23) by

A T2 1 2 .4 ‘ ] 9
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with
03 ﬂ,i:: _"_'_}Ii *

Hamiltonian (22" coincides with that consider by W itften(n

A2 2 ow
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with
1 2
Wi(g)=s —=— . (26)
V= BN

Such Hamiltonian has no vanishing eigenvalue, so that also in this case breaking by b.c. gives a
positive energy to the vacuum.




REFERENCES

(1)
(2)
(3

(%)
(5)

(6)
@)

F. Palumbo, Lett. Nuovo Cimento, 30, 72 (1981).

F. Palumbo, Nuclear Phys. 182B, 261 (1981); 137B, 334 (1982).

E. Witten, Trieste Lectures (Summer 1981); Erice Lectures (1981); S. Cecotti and L, Girardello,
Phys. Letters 110B, 39 (1982).

F. Palumbo, Phys. Letters B, in press.

S. Ferrara and F. Palumbo, in "Unification of the Fundamental Particle Interactions II, Proc. of
the Burophysics Study Conf. October 6-14 (1981), Ed. by J. Ellis and S. Ferrara {Plenum Press
1983) Vol. 15, p. 515.

See G. Veneziano, Phys. Letters 124B 357 (1983) and references therein.

E. Witten, Nuclear Physics B188, 513 (1981).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


