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Off-Shell Supersymmetry versus Hermiticity in Superstrings
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We point out that off-shell four-dimensional spacetime supersymmetry implies strange Hermiticity
properties for theVv = 1 Ramond-Neveu-Schwarz superstring. However, these Hermiticity properties
become natural when th&/ = 1 superstring is embedded into as = 2 superstring. [S0031-
9007(96)01339-7]

PACS numbers: 11.25.Db

Superstring theory is the only known renormalizable% $dzZe Py, = % $dz 0x,yl,. SO up to pic-
quantum theory of gravity, and spacetime supersymmetrjure changing, thg,’s form a supersymmetry algebra [5].
plays a crucial role in removing the divergences. Space- But off-shell supersymmetry requires that thg's
time supersymmetry also plays a crucial role in the recenfiorm a supersymmetry algebra without applying picture-
conjectures [1] of strong-weak duality in superstringchanging operations. This is because picture changing
theory. However, spacetime supersymmetry is only ats only well defined when the states are on-shell. Off-
on-shell symmetry in the conventional = 1 Ramond- shell, the states are not independent of the locations of the
Neveu-Schwarz (RNS) description of the superstringpicture-changing operators.
which makes it difficult to observe its effects. So off-shell spacetime supersymmetry requires modifi-

It will be shown in this Letter that after modifying cation of theg,’s. Note thatg, has picture—% and the
the conventional Hermiticity properties, four-dimensionalmomentum% ¢ dz dx,, has picture 0, so we need gen-
supersymmetry can be extended to an off-shell Symmetry, ators with picture+%. The obvious solution [3] is to

g];et ht(; OSSuep%rszgé;.: Ehgmngzﬂlgien% Hofrmlet;\?lz ?r%pl)\tlasrtles split ¢, into a chiral part with picture% and an antichiral

. . 1,
superstring [2], whereV = 1 and N = 2 refer to the Part with picture+5:

number of worldsheet super_co_nformal invariance_s. This _ dz U/ xilayt o) it
suggests that th&¥ = 2 description of the superstring [3]  9* = 27i < ’
may be useful for illuminating the effects of spacetime

supersymmetry. It is interesting to note that= 2 Ty = Zqa = L fdz [bryel/DBexile=an=iHc] (3)
superstrings have recently appeared in models [4] which 2mi
try to explain the strong-weak duality symmetries. + i(e?Pnox™ + e?GE + e?Gy)

In four-dimensional compactifications of th& = 1
RNS superstring, the spacetime-supersymmetry genera-
tors in the—% picture are

X 6(1/2)(—¢ti(0'0—0'1)—i1‘10:] ,

where G- are the fermionic generators of the= 9
_ y{dz o1/ (= tioorio *iHc) (1) N = 2 superconformal field theory. Th& =1 4D

27 ' ’ supersymmetry  algebra {q., gz} = % $dz axma;”B
is now satisfied off-shell where we are using standard
two-component Weyl notation.

Although we have solved the problem of finding off-
shell supersymmetry generators, we now have a new
problem. Using the standard RNS definition of Hermitic-
ity where all fundamental fields are Hermitian or anti-
Hermitian (the anti-Hermitian field is), the Hermitian
I%)njugate ofg, is no longerg,. Fortunately, this new
problem can be solved by modifying the definition of Her-
miticity. However, this new Hermiticity definition will be
2) natural only if one embeds thé = 1 superstring into an

N = 2 superstring.

o To find the appropriate Hermiticity definition, one first
which is not the usual supersymmetry algeffa g,} =  \vrites7, in the form

= $dz 9x, Y, wherez- §dz dx,, is the string momen-
tum. However, after hitting the right-hand side of (2) - _ eR<L fdzbne(1/2)[3¢+i(0'0—a'l)—iHC]>e—R
with the picture-changing operatar= {Q, £}, it becomes “ 2mi ’

qa

where there are an even number -bfsigns in the ex-
ponential(a = 1to4), ¢ comes from fermionizing the
bosonic ghosts ag = igée ¢ andy = —ine?,y’ =
+y0 = e™0 and ! * iy? = eT'7 where y™ is the
fermionic vector, andH¢c = J¢ is the U(1) generator of
the ¢ = 9, N = 2 superconformal field theory represent-
ing the compactification manifold.

These spacetime-supersymmetry generators satisfy t
anticommutation relations

1
as = d _¢ m . 9
{94, a»} Y f ze "Ynyap
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where
1 —¢(,m bt -
R = Eye dzcée P dx, + e?GE + G() 4)
T

andefFe R = F + [R,F] + %[R,[R,F]] + --- (the expansion usually stops after two terms).
One then defines Hermiticity as

(xm)-r = eRxmeiR, (lpm)f = eRl/’meiR’ (FC)-r = eRFCeili
(e¢/2)Jr - eR(cfe_(3/2)‘/’)e_R, (e—¢/2)1‘ - eR(bne(B/z)‘f’)e_R,
5
(b)t = eR(ibnone*®)e k, (o)t = eR(—icéage ??)e K, ®)
(Mt = efimbobe’®)e ™, () = X (=iécace™?)e 7k,
where F¢ are the worldsheet fields in the= 9,N =2 | Using the Hermiticity definition of (5),(Ty=»)t =

superconformal field theory. It is straightforward to checkTy—,, (Gy—)t = Gy—,, and (Jy=»)! = Jy—», which
that the new Hermiticity definition satisfigg’)t = F  are the standard Hermiticity properties of &= 2
for all F, preserves OPE’s, and implies that,)t = 7. string. [This Hermiticity can be made manifest by writing
One strange feature of the Hermiticity definition of (5) the N = 2 generators of (6) in terms of spacetime-
is that a field may have a different conformal weight fromsupersymmetric variables [3].] So the Hermiticity
its Hermitian conjugate sinc)t = T + ia(bc + &én)  properties implied by off-shell four-dimensional super-
whereT is the RNS Virasoro generator. Another strangesymmetry are natural only if th&y = 1 superstring is
feature is that the BRST operator is not Hermitian sinceembedded into av = 2 superstring.
0t = o~ $dz b. [This easily follows from writingQ =
eR(5= $dzbmane*®)e k]
Although these features are strange in dhe= 1 RNS
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