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In 7T-duality invariant effective supergravity with gaugino condensation as the mechanism for super-
symmetry breaking, there is a residual discrete symmetry that could play the role of R parity in

supersymmetric extensions of the standard model.
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One of the challenges of string theory is to provide a
mechanism for forbidding operators that violate lepton
number and baryon number in the low energy effective
theory. In the minimal supersymmetric extension (MSSM)
of the standard model, this is achieved by imposing a
discrete symmetry, called R parity, such that the unwanted
operators are forbidden, while those that give masses to
quarks and leptons are allowed, as is the Higgs boson mass
term (“u term”) that is needed to produce the correct
electroweak symmetry breaking pattern.

In the context of the weakly interacting heterotic string,
a favored mechanism for breaking supersymmetry uses
condensation that occurs in a hidden sector when some
gauge group becomes strongly coupled. These theories
include gauge invariant scalar fields, notably 7 moduli
whose vacuum values (VEVs) determine the size of six
compact dimensions, and the dilaton whose VEV de-
termines the gauge coupling constant at the string scale.
They are invariant [1] under a discrete symmetry called T
duality, which is broken when the T moduli are stabi-
lized at their VEVs. A variety of effective supergravity
Lagrangians with these properties have been constructed;
in a class [2,3] of these where (nearly) vanishing vacuum
energy is imposed, T duality assures that the 7 moduli are
stabilized at self-dual points, defined below, with vanishing
VEVs for their auxiliary fields. Supersymmetry breaking is
dilaton mediated; this avoids a potentially dangerous

source of flavor changing neutral currents (FCNC), since
\

bl = —¢l = +],

ad=d' =0 or {

For three moduli there is a symmetry under Gy = Z7' ®
Zg”', m + m' = 3. The gaugino and matter condensates
that get VEVs break this further to a subgroup Gy with
iImF = F = 2nim, under which A, — e~ (/21ImF) =
*A,; we would identify the case with a minus sign with
R parity. This subgroup also leaves invariant the soft
supersymmetry-breaking terms in the observable sector,
if no other field gets a VEV that breaks it. For example,
if the u term comes from a superpotential term H,H, P,
with the VEV (¢ = ®|) # 0 generated at the TeV scale,
the symmetry could be broken further to a subgroup R €
Gy such that R® = ®. On the other hand, if the u term
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the dilaton couplings to matter are universal, while the
T-moduli couplings are not. Another consequence of this
result is that there is a residual discrete symmetry that
might play the role of R parity in the MSSM. This Letter
explores the discrete symmetries of a particular class of
string compactifications. [This analysis is not expected to
be applicable in many models (for example, “‘racetrack”
models) where the T moduli are stabilized away from self-
dual points. Aside from potential difficulties with FCNC,
these models need to invoke a second source of supersym-
metry breaking to cancel the cosmological constant. The
effects of quadratically divergent loop corrections [4] on
FCNC and the cosmological constant will be examined
elsewhere [5].]

In the class of models considered here, transformations
on the 7 moduli take the form
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and the Kihler potential K and superpotential W transform
asK—K+F+F,W—e "W, F=3F (Weneglect
mixing [6] among twisted sector fields of the same modular
weights g7 with mixing parameters that depend on the
integers a, b!, ¢!, d'.) The self-dual vacua T, namely,
(t!y = 1 or ¢!"/®, are invariant under (1) with

o ka
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comes from a Kéhler potential term generated by invariant

VEVs above the scale where the moduli are fixed, there
would be no further breaking down to the electroweak
scale.

Superpotential terms of the form W =[], ®* X

[TimGT! 2244~ would be covariant under (1), given
the transformation property of the Dedekind 7 function,
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if the moduli independent phases [7] satisfied §, = 2nli7r.
It is easy to see that this is not the case for the trans-
formations that leave fixed the self-dual points T:
(iTy) = 1(iTy) # eV/PFT)y(iT ). It follows from T
duality that this phase can be reabsorbed [7] into the trans-
formation properties of the twisted sector fields. Consider,
for example, a Z; orbifold with untwisted sector fields U4,
and twisted sector fields 74 and Y4/ with modular weights
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Since allowed superpotential couplings are of the form [8]

T3PU4, invariance under (1) and (3) with F = 2niw re-

quires that [J®* in W gets, in addition to the phases
implicit in (1), an overall phase factor d 4 that satisfies

i8q =" (2p+n)F(TL) =N n'F(T!) +4ikm, kELZ,
i i
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where n! is the number of UA' and T*/ factors in [T ®4.
More generally, 7' duality implies that the allowed terms in
the superpotential must be such that there is a choice of
phases 6% that makes it covariant if the transformation of
@4 in (1) is modified to read

o= 2 g,

(6)

For example, in [7] trilinear terms W ~ U,U,Us, (T)3,
where T = T4, were considered; all such terms would be

covariant provided 8V =0, 8" = —28 = —1¥,5,. If we
further impose & v— % 6 — 46,, then the monomials
U,U,Us, T3117, U, Y'T*11?,
1 J 1 J K )
uY'u,y’Tilr, U Y'U; Y UgY* 117,

where I1 = Y'Y2Y3, can be used to construct covariant
superpotential terms W,, by multiplying them by powers
of ; = n(iT?) such that the overall monomials W, are
modular covariant with modular weights g = 1. Further
operators can be constructed by multiplying these by in-
variant operators that can also appear in the Kihler poten-
tial; for example, II7n° » = [I:ms, is invariant. In
addition, invariant operators of the form n*"[]r, W,
2mé = 2rn, can be constructed since /7 is a rational
number. [The group (1) of duality transformations on 77 is
generated [9] by T/ — 1/T! with §(0,1, —1,0) = 7/4,
and 7! — T' — i with 6(1,1,0,1) = 7/12.] These cou-
plings are consistent with the selection rules [8]. They
are further restricted by additional selection rules and
gauge invariance. For the subgroup defined by (2) and F =
2nim, i6 = — %F = —inr, the superpotential is invariant,
as are the monomials in (7), so any product of them in
could appear in the effective superpotential or Kahler
potential, e.g., through quantum corrections and/or inte-

grating out massive fields, in the effective theory below the
scale where the 7 moduli are fixed and supersymmetry is
broken, with possibly additional VEVs that are invariant
under Gy generated at that scale.

Superpotential terms of dimension three will be gener-
ated from higher order terms when some fields acquire
VEVs. In models with an anomalous U(1)y, there is a
Green-Schwarz counterterm in the form of a D term [10]
that leads to the breaking of a number m of U(1) gauge
factors when n = m fields ®* acquire VEVs. T duality
remains unbroken [11], but the modular weights are modi-
fied by going to unitary gauge in a way that keeps modular
invariance manifest. For example, in minimal models with
n=m,

DM — oM gl — gM = qf = i 044t
Aa
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This has the effect of making the eaten chiral supermultip-
lets modular invariant in the super-Higgs mechanism.
Then, for a term in the superpotential with some (®*) # 0,
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because W is also U(1), invariant: 3 ,¢¥ + 3 g4 = 0.In
order to make 7 duality fully manifest below the
U(1)-breaking scale, we have to redefine the transforma-
tion (6) by including a global U(1), transformation such
that @4 is fully invariant, and
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A priori, we expect that (®4) ~ 0.1, so that couplings
arising from high dimension operators in the superpotential
are suppressed. (The factors multiplying these terms can in
fact be rather large [12].) We would like to have one large
coupling (Q5, T, H*) which should correspond to one of
the dimension three operators in (7). Most models studied
[13,14] have quark doublets in the untwisted sector. In this
case, we should take 7¢ and H" in the untwisted sector as
well, and require g2 + ¢I* + ¢/" = 0. [This requirement
in satisfied in the Font-Ibanez-Quevedo-Sierra (FIQS)
model [14].] That is, if we identify the Q; generation index
with the moduli index, we can have, e.g., T¢ = T3, H" =
HY. Then to suppress the Q,C°H" and Q,U“H" couplings
we require C¢, U°@Uj;, so one of these must be in the
untwisted sector 7. Since these generally have different
U(1) charges from the untwisted sector fields, to avoid a
possible D-term induced flavor dependence of the squark
masses in the first two generations, we also take both U¢
and Cin T.
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As an example (that turns out not to produce the de-
sired R parity) consider the FIQS model [14], with the
d)A vacuum studied in [3]. Then D¢, S¢, B, H* € T. To
generate all the known Yukawa’s (QT?, QH“T) it fol-
lows from (7) that at least three Y’/ with different in-
dices I have to have VEVs. If all the VEVs are generated
by D-term breaking, we have to choose the threefold ver-
sion [3] of the “minimal” FIQS model with (¥]"**) # 0.

Defining £} =Y 044l (M =344, we have & =
oM — \/gq)";’ . Then after the redefinitions (8) and (10) with

i, = —3F', we have T'™ — l1/3W =1 +/3/2q5F M

For all the possible MSSM candidates the 7" have
|

(GG lizs) = 1,

77(Q1”2@<¢1) =e

n(G,Gls) = e/3i,

Thus L?E¢ is allowed unless E¢ = {5, in which case
LH,E* is also forbidden, unless the symmetry is broken
to n = 6p, in which case both are allowed. In order to have
at least one Q;H ;D¢-type coupling for each Q;, we need
F! = 2inm V1. Then all couplings involving the Q, are
allowed, including Q;L D¢, etc. We can also look at can-
didate u-term couplings H,H, = G;G ;> these have ¢ Gi 4
(% = m, and

7(G,G}) = emDim+F (GG sy) = e@m/dim

(12)

so Gy has to be broken to a smaller subgroup when the u
term is generated.

Apart from the fact that the FIQS model does not give
the correct constraints, it is still interesting to see if one can
get any unbroken symmetry after the Higgs particles ac-
quire VEVs. In this model, the individual n’s are of the
form e2"7(m/33) except for €5 where o — il 50 the
individual VEVs of H, , break the symmetry down to a
subgroup with F = 33pis. If this is the only symmetry
left, the only constraint on the couplings in (11) is to forbid
G,G;{s. However, we can once again redefine the trans-
formations such that one Higgs boson is invariant and the
other has the phase factor in (12), and therefore both Higgs
bosons are invariant under the subgroup left unbroken by
the w term. Here we use the fact that the couplings are
invariant under electroweak hypercharge Y, and redefine
the transformation properties by 7, — nMn,;fYM. Then
H, with YH« = % is invariant and the couplings that were
allowed or forbidden under the group left unbroken by the
w term (12) remain so.

Now we turn to a more general analysis, assuming the

same assignments as before for the MSSM fields, but with
\

77Q = ezmTBT];[f, Nge = Nre = €_2iwﬂ77?.1d:

— J2iTa —
N =¢ NH, Mg = €

7(0,d,G)) = e,

—2iTa =2
N,

\/%q)";’ = 1nM and we just get T'M — ¢!/3¢"~1n"OF M,
Then, using the constraint F = 2nimr, trilinear terms T3
with fixed nM satisfy []_, 7™ — P2 gM’F]_[iT’M".
Taking the TM: to be the FIQS supermultiplets U¢ = u, €
T and any two of D¢, §¢, B = d;, € T,, we have nMi =
-1,y J[ M; = (), so we cannot forbid baryon number vio-
lating couplings. Nevertheless, we can ask if we get any
interesting restrictions. It turns out that for MSSM gauge
invariant trilinear couplings we get Y ;/M76 =n,
> ¢Mi*6 + ¢ =12 and after imposing F = nir, aside
from couplings involving €5, everything drops out except
the original T-duality transformation on the untwisted
fields; if for an operator O, O — 1n(0)0, we have

n(QuujGy) = e,

. - _ (11)
n(QuyGis1) = n(QuuyG)) = e 77,
|
different U(1) charges. Then under G
(1/3){MF72{IMJF’7FJ
UM — e ! UM =y, UM, (13)

A/ =DF =Y G'F!
1
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where {7 =>4 % fAQ + 0+ =0, mp nrenpe =
1. We also require ny ny, = 1. If D¢ = D¢, ¢, B¢ all
have the same U(1) charges, then npc = Mg = 7pe.
Then in order to have at least one coupling Q,D°H, for
each value of I, we require ny, = 71, independent of 7,
and requiring at least one coupling Q;C°H,, implies 1y =
Nee = npe if U = US, C° have the same U(1) charges.
Then all couplings of these two types are allowed.
Similarly, if we assume the lepton doublets L and singlets
E€ have (two sets of ) degenerate U(1) charges g%, g%, they
also have degenerate R parities: 1;, 9g-. To forbid L2E¢,
LQD¢, and LH,, we require 7, # Mu,> and to forbid
D*U¢, we require 7y # (p) 7t or  mEmpe =
ng>ny, # 1. If, as in the FIQS model, the Q; all have
the same U(1) charges, the constraint that they have the
same R charge implies that F/ — F/ = 2nir. Then, since
we also require Y, F! = 2mir, it is easy to check that

Fl = 2nlim, giving 1y, = X 2061 0 —
2210/ =D=¢"] We can find an R parity provided
there is some compactification for which we can identify
the particles of the MSSM in such a way that the above
constraints are satisfied. With the above choices
[0, T, H, € U;U¢, D, L,E‘,H; €T and degenerate
U(1) charges for fixed flavor in each sector], they take
the form

—im n
77D~L, = e 2i Ban’ ﬁ :,& 5’

0<a B<1

— 1
77H“ - T]Hd) (14)
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When the electroweak symmetry is broken, we redefine
R parity as before, so that ny, = 1.

Other scenarios can be considered. For example, a
0;T°H, coupling is allowed if these are all in the twisted
sector T, their U(1) charges sum to zero, and there is no I1
factor in (7) required by a further string symmetry. In this
case, it would be possible to have all quarks of the same
flavor having the same U(1) charge. It is in fact not
necessary to have identical U(1) charges to assure equal
masses for squarks and sleptons of the same flavor, which
is what is actually needed to avoid unwanted FCNC;
scalars ¢ with the same value of /¥ have the same
masses, but could have different values of {M. (In the
FIQS model considered above, the MSSM candidates
with the same flavor that are degenerate in (M are also
degenerate in {M.) Models with vanishing or very small
values of {M for MSSM particles are favored by experi-
mental and theoretical constraints if symmetry is broken by
gaugino condensation, so the values of the {# could be the
governing factors in determining R parity.

To what extent have we achieved the conventional defi-
nition of R parity? With appropriate choices of phases in
(14) we achieve the elimination of baryon (B) and lepton
(L) number violating couplings of dimension two or three
in the superpotential. [Fast proton decay is avoided by
eliminating either one of these, but the U¢(D¢)? coupling
by itself would induce neutron-antineutron oscillations.]
Higher dimension operators can generate B and L vio-
lation, as is the case with the conventional definition of
R parity. In the latter case, the R-allowed dimension-
four operator U°UDCE* in the superpotential leads to
dimension-five operators in the effective Lagrangian that
may be problematic [15] even if these couplings are
Planck- or string-scale suppressed, given the current
bounds on the proton decay lifetime. This problem is easily
evaded in the current context provided 38 + a # n. The
stability of the lightest neutralino is assured at the same
level as proton stability since its decay products would
have to include an odd number of standard model fermions
and hence violate B and/or L.

In conclusion, effective supergravity from the weakly
coupled heterotic string may possess a residual discrete
symmetry that plays the role of R parity if the 7 moduli are
stabilized at self-dual points when supersymmetry is bro-
ken by condensation in a hidden sector. For example, the
requirement that a Z; orbifold compactification accommo-
date R parity imposes constraints on the quantum numbers
of chiral fields. By way of illustration, a specific model that
fails this test was analyzed.
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