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We study M theory on AdS43RP7 corresponding to 3 dimensionalN58 superconformal field theory which
is the strong coupling limit of 3 dimensional super Yang-Mills theory. ForSU(N) theory, a wrapped M5 brane
on RP5 can be interpreted as the baryon vertex. ForSO(N)/Sp(2N) theory, by using the property of~co!ho-
mology of RP7, we classify various wrapping branes and consider domain walls and the baryon vertex.

PACS number~s!: 11.25.Sq, 11.10.Kk
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I. INTRODUCTION

In @1# the largeN limit of superconformal field theories
~SCFT! was described by taking the supergravity limit o
anti–de Sitter~AdS! space. The scaling dimensions of ope
tors of SCFT can be obtained from the masses of particle
string or M theory@2#. In particular,N54 SU(N) super
Yang-Mills ~SYM! theory in 4 dimensions is described b
type IIB string theory on AdS53S5. This AdS-CFT corre-
spondence was tested by studying the Kaluza-Klein~KK !
states of supergravity theory and by comparing them with
chiral primary operators of SCFT on the boundary@3#. There
exist alsoN52, 1, 0 superconformal theories in 4 dime
sions which have a corresponding supergravity descrip
on orbifolds of AdS53S5 @4# and the KK spectrum descrip
tion on the twisted states of AdS5 orbifolds was discussed in
@5#. The energy of a quark-antiquark pair@6#, glueball mass
spectrum@7# and the energy of a baryon as a function of
size @8,9# were analytically calculated based on this cor
spondence. The field-theory–M theory duality also provid
a supergravity description on AdS4 or AdS7 for some super-
conformal theories in 3 or 6 dimensions, respectively@1#.
The maximally supersymmetric theories have been studie
@10,11# and the lower supersymmetric case was also real
on the world volume of M theory at orbifold singularitie
@12#.

The gauge group of the boundary theory becom
SO(N)/Sp(2N) @13# by taking appropriate orientifold op
erations for the string theory on AdS53S5 ~see also@10,14#!.
By analyzing the discrete torsion forB fields, the possible
models of gauge theory are topologically classified and m
features of gauge theory are described by various wrap
branes. By generalizing the work of@13# to the case of
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AdS73RP4 where the eleventh dimensional circle is one
AdS7 coordinates, (0, 2) six dimensional SCFT on a circ
rather than uncompactified full M theory was described
@15#. For SU(N) (0, 2) theory, a wrapped D4 brane on S4

together with fundamental strings connecting a D4 brane
the boundary of AdS7 with the D4 brane on S4 was inter-
preted as baryon vertex. By puttingN M5 branes in the
R5/Z2 orbifold singularity @16#, where the Z2 acts by a re-
flection of the 5 directions transverse to the M5 branes
also by changing the sign of the 3-form fieldC3, the largeN
limit of the SO(2N) ~0,2! SCFT and RP4 orientifold after
removing the R5/Z2 orbifold singularity were obtained
Then, using the property of~co-!homology of RPi,RP4,
various wrapping branes and their topological restrictio
were discussed.

Recently, Sethi @17# found that N58 Sp(2N) and
SO(2N11) gauge theories in 3 dimensions flow to the sa
strong coupling fixed point. This was confirmed by turnin
on discrete torsion of M2 branes on R8/Z2. By evaluating
C3`G4 over RP7 whereG45dC3 is four-form field in M
theory, it was shown that there exists M2 brane charge s
for the two types of orientifold two-plane. This result implie
that in IR limit three dimensionalN58 SYM theories can
flow to two distinct strong coupling conformal field theorie

In this paper, we generalize the work of@13,15# to the
case of AdS43RP7 where the eleventh dimensional circle
one of RP7 coordinates,1 as we briefly mentioned this poss
bility in the previous paper@15#. In Sec. II, it will be shown
that for SU(N) theory, a wrapped M5 brane on RP5 can be
interpreted as baryon vertex@18#. By puttingN M2 branes in
the R8/Z2 orbifold singularity, where the Z2 acts by a reflec-
tion of the 8 directions transverse to the M2 branes, we w

1Although the eleven dimensional solution by uplifting the D
brane solution is not exactly M2 brane solution in general, when
eleventh dimension is compact, by taking M2 branes to be locali
in the eight transverse dimensions, they will resemble each o
more and more in M theory limit@19,20#.
©2000 The American Physical Society02-1
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obtain the largeN limit of N58 SCFT on RP7 orbifold @10#.
Then, using the property of~co-!homology of RPi,RP7, we
classify various wrapping branes and discuss their topol
cal restrictions. In Sec. III, we consider domain walls and
baryon vertex. Finally, in Sec. IV, we will discuss importa
open problems and comment on the future directions.

II. SOÕSp SYM AND BRANES ON RP7

A. The baryon vertex in SU„N…

Let us consider M theory on R33R73S1. For R3, we can
take (x0,x1,x2) directions and for R7, we take
(x3,x4,x5,x6,x7,x8,x9) transverse to M2 branes. The ele
enth coordinatex10 is compactified on a circle S1 and is a
periodic coordinate of period 2p. For small radius of S1, we
can regard M theory as type IIA string theory which can
described in the context of AdS43S7 where D2 branes are
realized by transverse M2 branes. The radial functionr
5A( i 53

10 (xi)2 of R73S1 will be one of the AdS4 coordi-
nates, the other three being the ones in R3.

The AdS43S7 compactification hasN units of seven-form
flux on S7 as follows@8#:

E
S7

G7

2p
5N, ~2.1!

whereG7 is seven-form field which is a hodge dual ofG4
5dC3 four-form field. By putting a large number ofN of
coincident M2 branes and taking the near horizon limit,
metric becomes that@18# of AdS43S7

ds11
2 5

r 4

L2/3
hmndymdyn1L1/3S dr2

r 2
1gi j dxidxj D . ~2.2!

The scaleL is related toN by @18#

L5S L

6 D 23

5 l p
625p2N, ~2.3!

wherel p is a Planck scale which is the only universal para
eter in M theory and Vol(S7)5(p4/3)(6/L)7/2.2 The first
equation arises when we write AdS4 radius in terms of both
cosmological constantL and scale factorL. Since M2 branes
have the operators with dimensionAN by M2 tension for-
mula and M5 branes have the operators with dimensioN
through the relation between mass, tension@21# and volume
of branes, we consider wrapping a M5 brane over 5-cycle
S7.

2The normalization@18# for four-form field strength isGi jkl

5ee i jkl where the parametere is a real constant. By plugging thi
into the 11 dimensional field equations, it leads to the product o
dimensional Einstein space,Rmn522Lhmn with Minkowski sig-
nature(2,1,1,1) and 7 dimensional Einstein spaceRi j 5Lgi j

whereL is defined byL524e2/k4/9 through grvitational constan
k. Moreoverk258pG115(2p)8l p

9/2.
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A 5-cycle of minimum volume is to take the subspace a
constant value of two coordinates. For the 5 volume, Vol~5-
cycle!, one can find Vol(5-cycle)5Vol(S5)5p3(6/L)5/2.
The mass of the M5 brane wrapped over 5-cycle, given
M5 brane tension times Vol~5-cycle!, is

m5
1

~2p!5l p
6
Vol~52cycle!. ~2.4!

By the relationm25(2L/3)(D21)(D22)'(2L/3)D2 for
large D and the relations~2.4! and ~2.3!, one gets for the
mass formula@18# for the dimension of a baryon correspon
ing to the M5 brane wrapped 5-cycle

D5
pN

L

Vol~S5!

Vol~S7!
5

N

2
. ~2.5!

B. The RP7 orientifold

It was observed@10# that the largeN limit of N58 SCFT
in 3 dimensions corresponds toN M2 branes coinciding at
R8/Z2 orbifold singularity. Let us consider M theory on3

R33(R73S1)/Z2. The Z2 acts by sign change on all eigh
coordinates in R7 and S1 as follows: (x3,•••,x10)→(2x3,
•••,2x10). This gives two orbifold singularities atx1050
and x105p, each of which locally looks like R8/Z2. The
angular directions in R8/Z2 are identified with RP7. Consider
N parallel M2 branes which are sitting at an orbifold tw
plane~O2-plane! which is located atx35•••5x1050. Note
that there is another singularity atx105p but we will focus
on the theory at the origin which has corresponding intera
ing superconformal field theory@22#. We will describe how
N58 SCFT in 3 dimensions can be interpreted as M the
on AdS43RP7 where the eleventh dimensional circle is
RP7 space. This is our main goal in this paper.

Let us study the property of AdS43RP7 orientifold. Letx
be the generator ofH1(RP7, Z2) which is isomorphic to Z2 ,
S be a string worldsheet andw1(S)PH1(S,Z2) be the ob-
struction to its orientability. Then we only consider the m
F:S→AdS43RP7 such thatF* (x)5w1(S). Since Z2 ac-
tion on S7 is free ~no orientifold fixed points!, there is no
open string sector. In the orientifold the string world she
need not be orientable and a basic case of an unorient
closed string worldsheet isS5RP2, which can be identified
with the quotient of the two sphere S2 by the overall sign
change. The mapF:RP2→RP7 satisfying the constraints
F* (x)5w1(RP2) is the embedding (x1 ,x2 ,x3)
→(x1 ,x2 ,x3 ,0,0,0,0,0).

In M theory, there is the Chern-Simons interaction
eleven dimensional supergravity:

4

3The eleven dimensional spacetime is not a principalU(1)-bundle
over 10 dimensional spacetime although it can be defined a
U(1)-bundle over 10 dimensional spacetime. However, it will s
make sense to consider Ramond-Ramond~RR! U(1) gauge field as
one-form with values in the twisted bundle. We thank K. Hori f
pointing out this.
2-2
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1

24p2E C3`G4`G4 , ~2.6!

where G45dC3. A compactification of M theory on an
eightfold X8 receives tadpole contribution for theC3 three-
form field in one loop@23,24#

2E
X8

C3`I 8~R!, ~2.7!

whereJ52*X8
I 8(R)5x/24, with x the Euler characteristic

of the eightfoldX8 andI 8(R) is an eight-form constructed a
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a quartic polynomial in the curvature. The condition for
consistent M theory compactification on an eightfold is th

x

24
2

1

8p2EX8

G4`G42n50, ~2.8!

wheren is the number of M2 branes filling the vacuum.
can be deduced from the relation~2.8! the orbifold R8/Z2
carries21/8 units of M2 brane charge@25#.4

It was shown by Sethi@17# that there exist three O2
planes:5
~ i! SO~2N! with O22: M theory on R33~R73S1!/Z2 ,

~ ii ! SO~2N11! with O2̃1: M theory on R33~R73S1!/Z2 ,

~ iii ! Sp~2N! with O21: M theory on R33~R73S1!/Z2 . ~2.9!
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HereO22 characterized by R7/Z2 has21/4 unit of D2 brane
charge. By promoting to M theory, each fixed point~0 andp
on the circle! realized by R8/Z2 carries21/8 unit of M2
brane charge. We should have a single D2 brane stuck on
O22 plane to getSO(2N11) gauge group and the orient
fold R7/Z2 carries 3/4 units of D2 brane charge. It is denot
by O2̃1. In strong coupling limit,O2̃1 plane splits into two
orbifolds R8/Z2. Apparently the stuck M2 brane also spli
into two fluxes, each carrying 1/2 unit of M2 brane charg
Each fixed point R8/Z2 has thus 3/8521/811/2 units of M2
brane charge. As shown by Sethi@17#, the M theory realiza-
tion of the charge shift is given by the term

2
1

2ERP7

C3

2p
`

G4

2p
52

1

2EM

G4

2p
`

G4

2p
5

1

4
, ~2.10!

whereG4/2p is the torsion class and RP7 is the boundary of
the smooth eightfoldM. Finally we can obtainO21 plane
by the basis choice of the Chan-Paton factors giving ga
groupSp(2N), which has the 1/4 unit of D2 brane charge.
this case, the M theory interpretation on the orbifold sing
larity is a little different: the singularity atx1050 has the
charge 3/8521/811/2 units of M2 brane where the 1/2~in
the double cover S7) charge shift is realized by turning o
the discrete torsion as in Eq.~2.10! while the singularity atp
having 21/8 units of M2 brane charge. Thus we wish
classify the O2 planes in terms of distinct fluxes for the fo
form G4 on RP7 at the origin which correspond to distinc
strong coupling limits for O2 planes@17#. The relevant co-
homology corresponds to the possible choices of disc
torsion and is given by

H4~RP7,Z!5Z2. ~2.11!
he
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Consequently,O22 plane flows to the case without discre
torsion whileO2̃1,O21 flow to the case with discrete tor
sion.

Since theSO(N)/Sp(2N) gauge theories for largeN can
be distinguished by the sign of the string RP2 diagram, this
can be classified by the discrete torsion of theBNS field @13#.
Note that the orbifolding in R8/Z2 does not act onC3 but it
acts onx10. Since theBmn field of type IIA string theory
corresponds in M theory toCmn10, Z2 action in ten dimen-
sions flips the sign ofBNS. This means that a cohomolog
class@HNS# takes values in a twisted integer coefficientZ̃
where the twisting is determined by an orientation bund
The relevant cohomology groups measuring the topolog
types of the fieldsBNS is given by

H3~RP7,Z̃!'Z2. ~2.12!

Thus the relevant cohomology groups measuring the to
logical types for the O2 planes are given by

H3~RP7,Z̃!'Z2, H4~RP7,Z!'Z2. ~2.13!

If we denote the values of the cohomologiesH3(RP7,Z̃) and
H4(RP7,Z) as (a,b) respectively, we get the topologica
classification of the three models:

O22:~a,b!5~0,0!, O2̃1:~a,b!5~0,1!,

4We count the number of brane charges on Z2 orbifold in the
double cover of the Z2 quotient where the charge of a D2 brane is

5We will also not consider nontrivial holonomy@RR U(1) Wilson
line# around the eleventh circle as in@17# since the gauge theory ha
a smooth strong coupling limit in decompactified M theory lim

and the holonomy indeed vanishes due toH2(RP7,Z̃)50.
2-3
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O21:~a,b!5~1,1!. ~2.14!

Note that the topological type ofO21 at x105p is (a,b)
5(1,0).

C. Various wrapped branes

Now we consider the possibilities of brane wrapping
RP7 in the M theory. The wrappings of M2 brane unwrapp
aroundx10 and M5 brane wrapped aroundx10 are classified
by the ordinary ~untwisted! homology Hi(RP7,Z) for
wrapped on ani-cycle in RP7 since the two-brane charge
even under the orientifolding operation~it comes from the
fact that, in M theory, Z2 action does not act on the thre
form C3) and the five-brane is dual to the two-brane:~i!
unwrapped M2 brane, giving a two-brane in AdS4, ~ii !
wrapped on a one-cycle, to give a one-brane in AdS4, clas-
sified by H1(RP7,Z)5Z2, The unwrapped M5 brane is no
possible.~iii ! wrapped on a one-cycle, to give a four-brane
AdS4, classified byH1(RP7,Z)5Z2, ~iv! wrapped on a
three-cycle, to give a two-brane in AdS4, classified by
H3(RP7,Z)5Z2. ~v! wrapped on a five-cycle, to give a zero
brane in AdS4, classified byH5(RP7,Z)5Z2. The wrappings
of M2 brane wrapped aroundx10 and M5 brane unwrappe
aroundx10 are classified by the twisted homologyHi(RP7,Z̃)
for wrapped on ani-cycle in RP7. The wrapping modes tha
would give one-branes are not possible sinceH1(RP7,Z̃)
50. The unwrapped M5 brane~unwrapped aroundx10) is
not possible.~vi! wrapped on a two-cycle, to give a thre
brane in AdS4, classified byH2(RP7,Z̃)5Z2, ~vii ! wrapped
on a four-cycle, to give a one-brane in AdS4, classified by
H4(RP7,Z̃)5Z2.

The k units of KK momentum mode around the eleven
circle S1 can be identified ask D0-branes which is charge
Bogomol’nyi-Prasad-Sommerfield~BPS! particles.6 In the
three dimensional gauge theory context@22#, a new scalar
modulus appears as the dual of a photon, the magnetic s
photon, coming from dualizing the vector in three dime
sions. This corresponds to the expectation value of the lo
ized eleven dimensional coordinate of a M2 brane. Then
effect of D0 branes exchange between M2 branes can
captured by instanton effects in 3-dimensional SYM and r
ders itSO(8) invariant@20#.

According to the similar arguments done in type IIB d
scription@13# and type IIA description@15#, one can derive a
topological restriction on the brane wrappings on RP7 just
described. In particular, since the topological restrict
coming from the holonomy of the connectionARR on the
U(1)-bundle would not be considered for the reason
plained in the previous footnote, it is sufficient only to co
sider the discrete torsionuNS of the fieldBNS. We will show
that the description of brane wrappings on RP7 is consistent
with the topological restriction coming from the RR discre

6Note that the D0 brane charge is odd under the Z2 action since
Am

RR5Gm10 and the Z2 flips the orientation of S1 and thus the RR
U(1) gauge field should be considered as twisted one-form.
06600
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torsionuRR, which should vanish in our case. In the case~ii !
and ~iii !, there is no restriction on wrapping of M2 and M
branes on RP1,RP7, since in this case RP2 cannot even be
deformed into the M2 or M5 brane. In the case~iv!, the M5
brane can be wrapped on RP3, to make a two-brane in AdS4,
only if uNSÞ0, sinceH2(RP3,Z)5Z2. In the case~v!, the
M5 brane can be wrapped on RP5, to make a zero-brane in
AdS4, only if uNSÞ0, sinceH2(RP5,Z)5Z2. In the case
~vi!, there is no restriction on wrapping of M5 branes
RP2,RP7, to make a three-brane in AdS4, since
H2(RP2,Z̃)5Z. In the case~vii !, the M5 brane can be
wrapped on RP4, only if uRR50, sinceH2(RP4,Z̃)50.

III. GAUGE THEORY AND BRANES ON RP 7

A. Domain walls

Let us consider the objects in AdS43S7 and AdS43RP7

that look like two-branes in the four noncompact dimensio
of AdS4. Since the AdS4 has three spatial dimensions, th
two-brane could potentially behave as a domain wall, w
the ‘‘jumping’’ as one crosses the two-brane. In AdS43S7

and AdS43RP7, the only such objects are M2 brane in th
case~i! and the M5 brane in the case~iv! in Sec. II C. Note
that, in the case of AdS43S7, the M5 brane cannot wrap o
a five-cycle in S7 sinceH5(S7,Z)50, so does not give rise
to a domain wall inSU(N) gauge theory.

Since the two-brane is the electric source of the four-fo
field G4, the integrated four-form flux over S7 or RP7 jumps
by one unit when one crosses the two-brane. This means
the gauge group of the boundary conformal field theory c
change, for example, fromSU(N) on one side toSU(N
61) on the other side for AdS43S7. For AdS43RP7, if one
is crossing the M2 brane, it changes fromSO(N) to SO(N
62) or from Sp(N/2) to Sp(N/261) since the M2 brane
charge changes by two units on double cover.

The similar situation also occurs in the case of the M
brane wrapped on RP3,RP7 to make a two-brane. LetP and
Q be points on opposite sides of the two-brane. LetX be the
three-manifoldX5T3RP4, with T a path fromP and Q,
intersecting the two-brane once. Since a generic RP3 and
RP4 in RP7 have one point of intersection,X generically
intersects the M5 brane at one point. The boundary ofX is
the union of the two-manifoldsP3RP4 and Q3RP4. Al-
though it causes no change of the gauge group in the bo
ary theory, this may have an important effect on instan
corrections in field theory.

B. The baryon vertex in SO„N…ÕSp„2N…

The baryon vertex inSU(N) was obtained by wrapping a
M5 brane over S5. By analogy, one expects that the bary
vertex in SO(N) or Sp(2N) will consist of a M5 brane
wrapped on RP5. If we are consideringSO(2k) gauge
theory, there arek units of five-form flux on RP5 when the
M5 brane wraps once on RP5. But there is no gauge invari
ant combination, inSO(2k) gauge theory, ofk external
quarks to obtain a ‘‘baryon vertex.’’ The baryon vertex
SO(2k) gauge theory should couple 2k external quarks, not
k of them.
2-4
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Let F be the map of M5 brane worldvolumeX to AdS4
3RP7. We must impose the condition that theBNS fields
should be topologically trivial when pulled back toX as im-
plied in deriving the topological restrictions on the bra
wrapping in Sec. II. If we choose the M5 brane topology
S5, the topological triviality of the fieldBNS is automatically
obeyed sinceH3(S5,Z)50, the AdS baryon vertex thus ex
ists regardless of the gauge group of the boundary the
Then the mapF:S5→RP5 gives the degree two map, i
other words, S5 wraps twice around RP5. Thus we can obtain
the correct baryon vertex coupling 2k quarks.

In Sp(k) gauge theory, a baryon vertex can decay tok
mesons@26#. Thus, one may expect no topological stabil
for the AdS4 baryon vertex whenuNSÞ0. However, since
the stability of baryon inSO(k)/Sp(k) gauge theory actually
can be encoded by the homology,H5(RP7,Z)5Z2, which
implies the topological stability of a baryonic charge, we g
the field theory result. We also should consider the poss
ity on an existence of nontrivial torsion class of theBNS
fields due to the topology of the M5 brane world volumeX,
which is denoted asWPH3(X,Z) @13#. Then this means tha
the correct global restriction is not thati * (@HNS#)50 but
rather that

i * ~@HNS# !5W, ~3.1!

where i is the inclusion ofX in spacetime and@HNS# the
characteristic class of theBNS field. A possibleW can be
determined by using the ‘‘connecting homomorphism’’ in
exact sequence of cohomology groups from the sec
Stieffel-Whitney classw2(X)PH2(X,Z2), which means that
the proper global restriction isi * (@HNS#)5W, i.e., uNSÞ0
which is also consisitent with the topological anaylsis we
last section. If the baryon vertex decays via compact s
manifold X, we will find that WÞ0 sincew2(X)Þ0. Con-
sequently, the brane decay via compact sixfoldX is possible
only in Sp(k) gauge theory.

In SO(N) gauge theory whereN is even or odd, supe
Yang-Mills theory with 16 supercharges actually hasO(N)
symmetry, not justSO(N). The generatort of the quotient
O(N)/SO(N)5Z2 behaves as a global symmetry. Since t
baryon is odd undert, it cannot decay to mesons which
even undert. If there is a Pfaffian-like state which is od
undert, the possible decay channel may be mesons plu
Pfaffian as in@13#. However, in our case, there is no defini
candidate being role of the Pfaffian. It is well known@26#
that two baryons inSO(N) gauge theory can annihilate int
N mesons. This is also consistent with the fact that, inO(N),
a product of two epsilon symbols can be rewritten as a s
of products ofN Kronecker deltas. Their annihilation can b
realized by the similar~and more simple! process to the pai
annihilation of two fat strings discussed in@13#. That is, two
identical M5 branes, whose worldvolumes are of the fo
C3S5 andC83S5 whereC andC8 are timelike path, collide
at any time whereC and C8 coincide. These results impl
that the decay of baryon inSO(N)/Sp(N) gauge theory
should belong to the element ofH5(Y,Z)5Z2. When we
consider Y5RP7, the baryon vertex is stable sinc
H5(RP7,Z)5Z2.
06600
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IV. DISCUSSION

To summarize, forSU(N) theory, we interpreted the
baryon vertex as a wrapped M5 brane in S7. When we go
SO(N)/Sp(2N) theory, R8/Z2 orbifold singularity was cru-
cial to understand M theory realization of three types of
plane. We constructed the possible brane wrappings on7

and determined their topological restrictions in each ca
According to this classification, it was possible to interp
various wrapping branes on RP7 in terms of domain walls
and the baryon vertex where the topological properties
RP7 are used.

It was pointed out by Witten@27# that the infrared limit of
SYM on R3 related toN58 SCFT is quite subtle and ther
may be suprising features in the topology in the infrare
such as conservation laws that hold in the infrared but
exactly. It may become important in the limit to consider t
nonperturbative instanton corrections in SYM theory, whi
is essential to recoverSO(8) invariance or eleven dimen
sional Lorentz invariance@20#.

It was observed by Sethi@17# that M-theory realization of
O2 planes gives an amusing interpretation on the shift
membrane charge by the discrete torsion. This interes
phenamenon may be more clearly understood in terms of
method applied to O4 planes by Gimon@28# where, applying
the T-S-T transformations, the O4 planes are related to
planes which is more well understood. By applying the sa
strategy, one can relate the O2 planes to O3 planes by
T-S-T transformations where T-duality is taken along t
one direction of the O3 plane. We hope this work will b
accomplished in the near future and provide a new und
standing on O2 planes.

Klebanov and Witten@29# found AdS53T1,1 model which
is an example of holographic theory on a compact manif
which is not locally S5 and the corresponding quantum fie
theory cannot be obtained from the projection of maxim
N54 theory. See also recent papers@30#. It is well known
that there exist various types of seven dimensional comp
Einstein manifoldX7 which is not locally S7. It would be
interesting to study whether one can find wrapping bra
over cycles ofX7 and discuss their field theory interpretatio

Note added. After this work was finished, we found Re
@31# which treats a related subject.
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