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Abstract: \'BPS preons were conjectured (PRL 86, 4451 (2001), hep-th/0101113) as the basic constituents of M-theory; they are states preserving
31/32 supersymmetries. We discuss the absence of preonic solutions in D=10,11 supergravities and its possible implications. The AdS
generaization of the BPS preons, the AdS preons defined over an AdS vacuum, will also be discussed. This leads to the {it AdS-M-algebra}, a
deformation of the M-algebrawhich isidentifed as $osp(1/32)$.\'
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BPS states have partially broken supersymmetry. They saturate Bogomol’ny
Prasad-Sommerfield-like bounds, and are the carriers of p-form charges that
show up in the {Q,Q} supersymmetry algebra
The simplest ones are (p+1)-hyperplanes i.e., super-p-branes.

A BPS state preserving all supersvmmetries but one 1s called preonic.

Why the “preon’ name? Because any other BPS state/supergravity solution
breaking n supersymmetries may be considered as a composite of n basic,
preonic states.

How to describe these hypothetical BPS preonic states?

Algebraically:
by looking at the (D=11 M)-superaigebra and its “central’ charges structure =2
rank of the generalized momentum matrix. preonic spinors. susy spinors

Geometrically:
by looking at the geometry of supergravity solutions >
rrsaososorzs  Nilling spinors, holonomy and generalized holonomy Page 317g

(but caution: eeometrical Killing spinor analvsis is local)
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Summary

(1) BPSSTATES: M-ALGEBRAIC, THEORETIC CONSIDERATIONS

(2) BPSSUPERGRAVITY (ies) SOLUTIONS:
HOLONOMY ANAILYSIS

(3) NOPREONSIN
D=11 CREMMER-JULIA-SCHERK AND D=101IIA, IIB SUPERGRAVIIIES

(4) CONCLUSIONSAND FURTHER EXTENSIONS:
AdS-preons and the AdS-M-algebra
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(1) BPS STATES: M-ALGEBRAIC, THEORETIC
CONSIDERATIONS
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e M-theow superalgebra’

InD=11. the {Q.Q} anticommutator has 3233 2= 328 = 11+ 53 + 462 components.
Z( {'r;—l} ) - {ZE b (Hﬂ”\:nj)} )
{Qa,Q3t = FPag:. Fas = Psa [QﬁeP‘Jﬂa]=0 R, O . a(= 32)
a.8y=12...32 , sUF IR g GL(R = 32) ;
Pog =pul g+ 0l o+ ppy..usl g 2, sFM g 50(1.10) .
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In D=11. the {Q.Q} anticommutator has 32 -33/2= 328 = 11+ 53 + 462 components,

| (r'l{r_r—t—l}:ﬁ} i {z}: = (9°, _}:r}.i)} )
‘ {Qﬂ’ Q3} — Pﬂ"j i Pﬂj = Pjﬂ ? [Qﬁ' JPJ".‘] =1 o3 =12 al==232)

-----

5 (1) | _
a,3,v=12...32 , > (T !H}E‘»GL(H=32):
S L H1---H Aa(fA+1)~
Pag = Pul g + Pul o5 + PurusT o ™ = (%5 1M g 50(1.10) .

The above defines the ‘M-al gebr‘a ’ [P.E Townsend hep-th/0712004; see also J W van Holten and & wan Proeyen, JPA 15, 3763
1321. the 317 components characterize the topological charges of the N2 and N[5 branes
A deA  IM Izquierdo,]. Cauntlett and P K. Townsend, PhysRev Lett 63, 2443 (1089); see also D. Sorokin+P K. Townsend, LB 412, 265 ( 1997) [hep-th/0702003]]
he coordinates of its supersym. group define tensorial superspace s("5=17)

The P’s may be looked at as SO(1,10)-tensorial, supersymmetry-central charges. In
:rms of the abelian generalized momenta P, 5. dual to the bosonic tensorial space
oordinates X5, the algebra presents an obvious GL(32.R) automorphism symmetry

). Barwald and P. West. PLB 476, 157 (2000) [hep-th/9012226; J. Gauntlett, . W Gibbons. C.M Hull and P. K. Townsend, CMP 216,431 (2001) [hep-th/0001024]. See
o J. Molins and J. Simén, PRD 62 , 125019 (2000} [hep.th/0007253] 3.
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The *M-theory superalgebra’

InD=11. the {Q.Q} anticommutator has 32 - 33

i R, {3}__ g (Hf}”x{r}.i)} ‘
{Qa.Q3} =Pas. Pas=Psa. [Qa.P31=0| _ 45_15 a=32

3 ~ — n(fi+1)= _
&,3. ,."r_ 1.2.---32 . Z( 3 |H)E} GL(H=32) :
— L L]--- i s
Pog = Pﬂrﬁ.f + Pl 3 + Puyusl g > =(=51 g 50(1.10) .

The above defines the ‘M-algebra'’ [P.E Townsend hep-th/0712004; see also J W van Holten and A wan Proeyen, JPA 15, 3763
5

1321. the 317 components characterize the topological charges of the N2 and N[5 branes
A ded. ]M Izquierdo, ]. Gauntlett and P.K. Townsend, PhysRev.Lett 63, 2443 (1939); see also D. Sorokin+P K. Townsend, PLB 412, 265 (1997) [hep-th/9703003]]

he coordinates of its supersym. group define tensorial superspace ("5

The P’s may be looked at as SO(1,10)-tensorial, supersymmetry-central charges. In
xrms of the abelian generalized momenta P, 4. dual to the bosonic tensorial space
oordinates X5, the algebra presents an obvious GL(32.R) automorphism symmetry

). Barwald and P. West, PLB 476, 157 (2000) [hep-th/9012226; J. Gauntlett, .W Gibbons. .M Hull and P. K. Townsend, CMP 216. 431 (2001) [hep-th/0001024]. See
o J. Molins and J. Simén, PRD 62 _ 125019 (2000} [hep.th/0007253] ).

[f spinors “are first’, then standard D-superspace and its superalgebra, {Q.Q} ~ M“pP,.
ollows as a D-vector-valued “central’ extension. but it 1s not the maximal one. 1n fact,
the maximal Q-central extension of the D=11 spmorial abelian odd

algebra, {Q,0}=0, is the above ‘M-algebra'. _—

'

ir enlarged superspaces, extensions and branes, see C. Chryssomalakos, JA de A J M [zquierdo and J.C. PérezBueno, NPB 567, 293 (2000% [hep-th/9904137] ;



(k/32-) Supersymmetric BPS states and preons

[[.Bandos. T.A. de A _ T M Izquierdo and J. Lukierski PRL 20, 4451 (2001} [hep-th 0101113 7]
[with D=11 (32-comp. spinor) in mind, but all extends to arbitrary D]
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(k/32-) Supersymmetric BPS states and preons

[I.Bandos. J.A. de A _ JM Izquierdo and J. Lukiersia. PRT. 20, 4451 (2001} [hep-th 01011137 ]
[with D=11 (32-comp. spinor) in mind, but all extends to arbitrary D]

A BPS state |BPS . k) preserving k supersymmetries satisties

€ /°Qa|BPS. k) =0, J=1...., k.k<32
where the k bosonic spinors | €;%| ( Killing spinors in sugra solutions, see later)
determine the Grasmann parameters of the supersymmetries by =® = =/¢;% ., =Jodd
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(k/32-) Supersymmetric BPS states and preons

[[.Bandos. T.A. de A _ TM Izquierdo and J. Lukierski PRL 20, 4451 (2001} [hep-th 0101113 7]
[with D=11 (32-comp. spinor) in mind, but all extends to arbitrary D)

A BPS state |BPS . k) preserving k supersymmetries satisfies

€ 1°Qa|BPS.kY=0, J=1,..., k. k<32
where the &k bosonic spinors €;%| ( Killing spinors in sugra solutions, see later)
determine the Grasmann parameters of the supersymmetries by =* = =/¢;% ., =Jodd

A preon state preserves all supersymmetries but one. Hence 1t may be labelled

|BPS . 31) = €;"Qu|BPS ,preon) =0. J=1,...,31.
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(k/32-) Supersymmetric BPS states and preons

[[.Bandos. T.A. de A _ TM Izquierdo and J. Lukierski PRL 20. 4451 (2001) [hep-th 0101113 7]
[with D=11 (32-comp. spinor) in mind, but all extends to arbitrary D]

A BPS state |BPS . k) preserving k supersymmetries satisfies

ﬁjﬂQ(ﬂBPS-k):O. W i — - k. k{_:BQ
where the & bosonic spinors |€;% | ( Killing spinors in sugra solutions. see later)
determine the Grasmann parameters of the supersymmetries by =* = =7¢;% , =Jodd

A preon state preserves all supersymmetries but one Hence 1t may be labelled

|BPS ., 31) = €/"Qu|BPS preon) —=0.J=1,...,31.

i’

: . i . 2P ¥
Then. introducing a preonic spinor Aa by the condition €5 Aa = 0 we see that «
preonic state may equally be characterized as

.BPS jpreony = |BPS,31) = |BPS, A or; Torshoert; |A).

Thissemphasizes the alrernative view: a preon breaks just one SUP TSy ek



Since € §Qa| A >= 0. this means (with | A > bosonic) that Q| A >= Ao | A >.
Thus. the pair {Ix >,|,\f>}

determines a BPS preonic supermultiplet on which the action of the supersymmetry
generators reads

Qald >= dadd > ., QupT>= 2g)) >
or

| o 0 1 A >
A&uper >}: A )t.:-upEr >>’. — ) Sﬂper -
Qal Xall x=(3 o) I > (w}) |
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Since € fQa| A >= 0. this means (with | A > bosonic) that Q| A >= Ao | A >.
Thus. the pair {12 >,|Af>}

determines a BPS preonic supermultiplet on which the action of the supersymmetry
generators reads

QoA >= XaAf > |, QaAf>= X >

or

. : 0o 1 A >
A&HPET >:>: A }‘auper }} . — * Super " —
Qall XAal| X (1 D) || A e e (P\f})

Thus. since bosonic ( |)\>} and fermionic (| AL ) preonic states enter symmetrically.

one might also think of considering  fermionic preonic states .

[LA BandosandJA ded  hep-th/0612277, Fortschr Phys 55,5 (2007) [hep-th/070299] ]
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kffj;)-BPhsw Stfirf.’S
In general. when £ < 37 we may introduce n = 32-k linearly independent

. . ~ . . X
bosonic spmors | \,” orthogonal to the set of & bosonic spmors €.

A" =0, a=l...82, I=1.. k. F= L., R=(32— k)
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k/32-BPS states
In general. when £ < 37 we may mtroduce n# = 32-k linearly independent
bosonic spmors | \," orthogonal to the set of A bosonic spinors € G i

gt =0, asl.. 32, I=1 .k Pl R (30-1).

Thus, a general BPS state |BPS , k) preserving k supersymmetries may be
characterized either by

k supersymmetry spinors | € j©

assoctated with the k supersymmetries preserved by the BPS state, or by

—_2 I pupe - - . r
n=32-k preonic spinors | \o' |,

|
|
i

orthogonal to the k supersymmetry spinors (n will determine the compositeness
degree of the BPS state).

Theuse in supergravity soliitions of

both Ailling and preonic spinors leads to the ‘G-frame method'.
[L4 Bandos, J.A. ded  JM Izquerdo, M Picin and O. Varela, PRD 69, 105010 (2004) [hep-th/0312266]]
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BPS preons as constituents:
An equivalent definition of k/32 -supersymmetric BPS state:
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BPS preons as constituents:
An equivalent definition of k/32 -supersymmetric BPS state:

k 32-BPS state may also be defined as an eigenstate of the generalized momentum operator
whose eigenvalue matrix is singular, of rank n=32-k, and positive (semi)definite.

P.3|BPS. k) = p,4|BPS, k) , detp,3 =0if 1 <k < 32.

k : L — .
s5—BPSstate: {rankp,3=n=32-k. k< 32}.

iradiscusaon of the ;1 mvalu&nprublml’ and branes see [ Bars, PR IS5, 2373 (1997 [hep-th/9a07117] and P K. Townsend hep-th/3712004; see also J. Blolins and T,
Sumon, PR D62 125019 (20007 [hep-th/0007253] 3
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BPS preons as constituents:
An equivalent definition of k/32 -supersymmetric BPS state:

 k 32-BPS state may also be defined as an eigenstate of the generalized momentum operator
whose eigenvalue matrix is singular, of rank n=32-k, and positive (semu)definite,

P.3|BPS. k) = p,3|BPS. k) . detp,3 =0if 1 <k < 32.

L

k : e &
s5—BPSstate: {rankp,3=n=32-k, k <32}.

ir adiscusaon of the “egenwalue problem’ and branes see [ Bars, PR D335, 2573 (1997 [hep-th/3607111] and P K. Townsend hep-th/3712004; see also J. Mlolins and T
Sumon, PR D62 125019 (20007 [hep-th/0007253] 3

Rank 7 1s obtained when the matrix 1s given in terms of one spinor by the

reneralized Penrose relation |p,z = AaA3|.a,8=1...., 32. This will correspond to
\ preonic state (rank n=I; k=31). the case of a general k-BPS state will then
sorrespond to the generalized momenta eigenvalues matrix

Pa =L jA A5, r=1..., n=32-k, 32>k2>1.

¥
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BPS preons as constituents:
An equivalent definition of k/32 -supersymmetric BPS state:

[k 32-BPS state may also be defined as an eigenstate of the generalized momentum operator
wltose erﬂem*alue matrix is singular, of rmrk n=32-k, mrd positive (semi)definite,

P.3|BPS. k) = p,3|BPS. k), detp,3 =0if 1 <k < 32.

+—BPSstate: {rankp,s=n=32—k. k < 32}.

iradiscusaon of the mgmvalu&npmblem and branes see [ Bars, PR DSS, 2373 (1997) [hep-th/9a07117] and P K. Townsend hep-th/3712004; see also J. Blolins and J.
Sunan, PR D62 123019 (2000% [hep-th/0007253] 3

Rank 7 1s obtained when the matrix 1s given in terms of one spinor by the

seneralized Penrose relation p,3 = Aa)3 . a,3=1.....32. This will correspond to
\ preonic state (rank n=I; k=31). the case of a general k-BPS state will then
sorrespond to the generalized momenta eigenvalues matrix

Papg=E2 jAeA5, r=1,..., n=32-k, 32>k>1.

To see 1t, notice that this matrix can be diagonalized by the GLi32.R) automorphism
symmetry. Further, all its eigenvalues are positive or zero, since 1n a suitable diagonal
JasIS. P, ;= {Qa.Qj3} and p;; = —1 sav. would mply (Q1)2|BPS.k) = —|BPS. k),
>ontradicting positivity. Hence, in that basis. p(-)) = diag(l.....1.0.....0).

n=32—k k
Now, since the 1's 1n the diagonal may be obtained by multiplving one-component

1S St Ay spumrg in the orlcruml basis we may also write the eigenvalues ™**%

prwi e e, R M il e B e Wt e e s e il s et e et B e e LY eme R PR LY i R O




n=—s/2A—~K
P.glBPS.ky= Y  Aa"A5"|BPS,k) =

r=1

= (AalAgt + ...+ 2327F05%77F) | BPS, k) = pog| BPS, k) .
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nN=—35/2—K
F.alBPS ky= Z Ao’ NG |BPS, k) =
r=1

= (Aa"Agt +... +232725%27%) | BPS, k) = pog| BPS, k) .
Now. it the & preserved symmetries are generated by €;%Qq, J =1,....k.
{€/%Qa. €’ Q3} = e %e PP, 3 1mplies that

n=32—k

2 E(u"a}iar Ef‘-—)j}‘?ir — % i €%’ = (=t R B =B )

y=—1

and A=32-n. The case k=31, n=I corresponds to a BPS preon.
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n—3siL—K

P.slBPS,ky= Y Aa"A5T|BPS,k) =

r=1
= (AalAgt + ...+ 2a37F25327F) |BPS, k) = pog| BPS, k) .
Now. it the & preserved symmetries are generated by €;%Qq, J =1,....k.
{€J%Qa. ex’Q3} = €% P,3 1mplies that
=2k ¥ r '3 W, S
IEI “(J Aa €K) Agm =0, l.e. €% A’ = O A3 S .

and k=32-n. The case k=31, n=I corresponds to a BPS preon.

It then follows that we may look at the equation at the top as a manifestation of th.
omposite structure of a k 32-BPS state, since it allows us to write it as

|BPS, k) = |A1> R...R0 ‘A(32—k‘)> = ®§i_1k I}‘(T) ~

vhere the |\1),.... |IA") are n elementary, BPS-preonic states characterized by the n
inearly independent preonic spinors \,1 Ao , n=32-k Further. we check

y = = =g
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n=—3siL—K

P,3|BPS, k)= Z )ia.r)\ngBPS,k} =

r=1
= (AalAgt + ...+ 237F25327F) |BPS, k) = pog| BPS, k) .
Now, 1f the k preserved symmetries are generated by €;°Qq, J =1,....k.
{€;%Qa.€x’Q3} = €% PP, 3 1mplies that
n=ge—k ay T Ix oo
,El “(J Aa °K) Ag' =0, l.e. £ A = B bl =k B = L)

and k=32-n. The case k=31, n=I corresponds to a BPS preon.

It then follows that we may look at the equation at the top as a manifestation of th
omposite structure of a k 32-BPS state, since it allows us to write it as

BPS,k) = [Al) ®...® |AB32-R) = @275 |A() >

vhere the |\1),. ... |IA") are n elementary, BPS-preonic states characterized by the n
inearly independent preonic spinors Aot |, ..., A\a™ , n=32-k. Further. we check
32—k 32—k
do| BPS, k >=AL|ft >+ .. 42" >= @1 AalfT >, Qs @L MNo|FT >= pag| BPS, k)
= r—
Ifm>= AV s A D > .. @AM > g .. .gAB2-k) 5

Pirsa: 08060128 Page 25:/[7
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Thus. for a k/32-BPS state. with n = rank(p,3)- Wwe see that

n = # broken symmetries = # of preons composing the BPS state =
# preonic spimors

k =32-n = # of preserved s-symmetries (= # Killing spmors in sugra)
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Thus. for a k/32-BPS state. with n = rank(p,3)- we sce that
n = # broken symmetries = # of preons composing the BPS state =
# preonic spimors
k =32-n = # of preserved s-symmetries (= # Killing spmors in sugra)

Further. there 1s a correspondence between the number n of
supersymmetries broken by a BPS state and the rank n of the
tensorial ‘central’ charges eigenvalues matrrx i the D-

superalgebra.

for a preon, n=1.
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Thus, for a k/32-BPS state. with n = rank(p,3). we see that

n = # broken symmetries = # of preons composing the BPS state =
# preonic spimors

k =32-n = # of preserved s-symmetries (= # Killing spmors in sugra)

- Further. there 1s a correspondence between the number n of
supersymmetries broken by a BPS state and the rank n of the
tensorial ‘central’ charges cigenvalues matrix in the D-
| superalgebra:

for a preon, n=1.

Clearly, the above arguments do not depend on the dimension of
spacetime D. and hold for gencral rensorial superalgebras. These are
associated with rigid. D-tensorial superspace manifolds parametrized by

A(R+1), = , , _
>R r(x2B,97)), XxB=XxB2 o B8=1,2,...7.

{QQ7Q6}=PC¥B’ Pleﬁ:BBaﬂ [Qﬂiapﬁ"y] = 0.
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ln example of a BPS state as a composite of preons: the M2 bran
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ln example of a BPS state as a composite of preons: the M2 bran

A fundamental, preonic state has all the O-central charges generalized momenta
1on-vanishing (parenthetical remark: iz then looks as composite from this peint of view)
Pa3 = AaAg = Pp X )‘ﬂrp cxﬁ)‘j + Ppv X /\Ctr,uuaj’\:'B » Ppy...ops X Aﬂr,u.l...,u5 ::zj)‘ﬁ .
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ln example of a BPS state as a composite of preons: the M2 bran

A fundamental, preonic state has all the O-central charges generalized momenta
1on-vanishing (parenthetical remarlk: iz then looks as composite from this point of view)
Pa3 = AaA3 = Pp X /\‘ﬁrp aBA3 Ppv X /\Ctr,uu o328 ; Puj...ps X ’\ﬂr,ﬂ.l...p5 a3A3 -

In the rest frame of a BPS massive state. p, = m(1,0...., 0). A M2 brane has the
ve mndex charge equal to zero. Assume for the moment that 1t 1s a certamn & 32=(32-

32 BPS state. Then. - -
; Pag = Pulop +Purlag = Zirdals:
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ln example of a BPS state as a composite of preons: the M2 bran

A fundamental, preonic state has all the O-central charges generalized momenta
1on-vanishing (parenthetical remarl: it then looks as compeosite from this point of view)

PaB = AaAg = Pp X /\ﬁr;u: aBA3 Ppv X ’\Ctr,uu aBA3 Pujy...pg X ’\ﬂrp.l..,p:5 0373 -
In the rest frame of a BPS massive state. p, = m(1,0...., 0). A M2 brane has the
ve mndex charge equal to zero. Assume for the moment that 1t 1s a certamn & 32=(32-
)32 BPS state. Then. Pag = PuT 5+ pu™% = T ATAG.

.et the space slice of the M2 worldvol be inthe {12}-plane. pu, = oEL 02 z = 2p12
Ve mav use now a Spin(1l.2) ® Spin(8) covanant splitting of Dirac matrn.ef; Then.

: A?, ) ) ) = = Ilﬁ D
A;:(A?g) (a:l.2;q,q:1.,,..8;’E:l....?ﬂ) ' rlz_(o _IIG)
q
_ 3.8 0 i AL AD
PaB — ((m_l_;;) arar 3 5{1455”) :Z:} ( ia .r,p ?E ﬁ:-) )
(m — 2)0%5; Ag Mp Aqp
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ln example of a BPS state as a composite of preons: the M2 bran

A fundamental, preonic state has all the Q-central charges generalized momenta
ron-vanishing (parenthetical remarl: it then looks as composite from this point of view)
Pa3 = AaAg = Pp X /\‘ﬁrp aBA3 Ppv X }‘ﬂr,uu 378 ; Puj..ps X ’\ﬂr,.u.l...p5 .-:t.j/\,ﬁ :
In the rest frame of a BPS massive state., p, = m(1,0..... 0). A M2 brane has the
ve mdex charge equal to zero. Assume for the moment that 1t 1s a certamn & 32=(32-

32 BPS state. Then. L
" Puh =PuT iy T B =S A

.et the space slice of the M2 worldvol be inthe {12}-plane. pu, = &}

5313 , 2= 2p12

_ o : [k "v]™
Ve mav use now a Spin(1l,2) ® Spin(8) covanant sphtting of Dirac matrices. Then.
) P <
< )\3 ) . ) o Ilﬁ 0
}\E}:(A‘E) T e g W e IO _ . 3 e rlz_(o _116)
q - . - -
Do = ( (m = z)éab{sqp 0 ) — 5N 1 (A:Iq E?p Aéq/\;}b)
o — - cabg T 1= iayi tay b
0 (m — 2)0%64; AT ALy AZAL

[he expression of Pn3 justifies the name "BPS states” We see that the matrix P g3
1as either rank 32 (for m # £z . not BPS) . or 16 (for mm = +z which saturates the
BPS bound). the above system has solutions only 1f the rank #»=32 or 16

Assuming ;>0 we conclude that the M2 brane BPS state corresponds to m =3
Tawiedt) and that it preserves one-half (=106) of the target space supersynresy

Tl o0 rt1oer rilen =1/ nreoomnic cnimnonre: tho BPS WY 1¢ a0 romnneito nf 1A ooy o



(2) BPS SUPERGRAVITY(IES) SOLUTIONS:
HOLONOMY ANALYSIS
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Generalized curvature and gen. holonomy
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Generalized curvature and gen. holonomy
Consider a bosonic solution of CJS supergravity. Since dee x & =0, d-A3 x v =0
he invariance under supersymmetry of a bosonic solution is guaranteed if
0% = De®* =0 | D=0 |;
vhere £ = /¢ g, =/ constant and Grassmann odd. and €7 1s bosonic
\ solution of the above Ailling spinor equation 1s called a Killing spinor.
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Generalized curvature and gen. holonomy
Consider a bosonic solution of CJS supergravity. Since d-e x & =0, d-A3 x v =0
he invariance under supersymmetry of a bosonic solution is guaranteed if

O-ipY =D = De ;* =0 ,

-1 O
vhere £ = /¢ ¥, =/ constant and Grassmann odd. and €7 1s bosonic.
\ solution of the above Ailling spinor equation 1s called a Killing spinor.
Killing spimors should also satistyv the integrability or consistency equation
" ,,
DDe;* =0 |e/PR54=0|,
vhich 1s given 1n terms of the generalized curvature of the generalized connection

R3® :=dwg® —wg? A wy® .
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Generalized curvature and gen. holonomy

Consider a bosonic solution of CJS supergravity. Since d-e x v =0, d-A3 x v =0

he invariance under supersymmetry of a bosonic solution is guaranteed if
oW =% =0 | Des"=0 |;
- » e

vhere ¢ = =7¢ ;2 | =/ constant and Grassmann odd. and € 1s bosonic
\ solution of the above Ailling spinor equation 1s called a Killing spinor.

Killing spimors should also satisty the integrability or consistency equation

4 ,
DDe;*=0 |efPRz2=0 |,

vhich 1s given 1n terms of the generalized curvature of the generalized connection

Rg% 1= dwg® —wg? Awy®.

The curvarure R of a connection takes values in the algebra H C ¢ of the holonomy
aroup H C G, R3® € H (w3® € G) . Itis natural to introduce the notion of generalizec
r1olon omy group tor the gEHE’I‘{IH;E{f CUTVATUTE M. Duffand K.5. Stelle, PLB 253, 113 (1991); J. Figueroa-OFamill, G.

'apadopoulos, JHEE 0503, 043 (2003) [hep-th/0211089]; M Duff and J.T. Liu, NFB 674, 217 (2003); hep-th/0303140, C. Hull hep th/0305039, G. Papadopoulos and D,
"Smpsis hep-th/0306117; M Duff, hep-th/0201062 (updated “06), hep/0403160].
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Generalized curvature and gen. holonomy
Consider a bosonic solution of CJIS supergravity. Since d-e x v =0, d-A3 x v =0
he invariance under supersymmetry of a bosonic solution is guaranteed if

o™ =% =0 | Des"= 40 |,
- 3 ¥
vhere ¢ = =/¢ ;2 | =/ constant and Grassmann odd. and €% 1s bosonic
\ solution of the above Ailling spinor equation 1s called a Killing spinor.
Killing spinors should also satisty the integrability or consistency equation
" ,
DDei®=0 |efPRg==10 |,
vhich 1s given 1n terms of the generalized curvature of the generalized connection
R3* := dwg® — wg? A wr@ .

The curarure R of a connection takes values in the algebra H c ¢ of the holonomy
aoup HC G, R3* € H (w3® € G) . Itisnatural to introduce the notion of generalizec
1o0lon omy group tor the g&'ﬂe’?‘ﬂﬁ;e’d CUTVATUTE M. Duffand K.5. Stelle, PLB 253, 113 (1991); J. Figueroa-OFamill, G.

\apadopoulos, JHEE 0503, 043 (2003) [hep-th/0211089]; M. Duff and J.T. Liu, NFB 674, 217 (2003); hep-th/0303140, C. Hull hep th/0305039, G. Papadopoulos and D,
"Smpsis hep-th/0306117; M Duff, hep-th/0201062 (updated “06), hep/0403160].

The generalized curvature R 3 takes values in the generalized holonomy algebra.
10l(w): for the D=11 and type II supergravities it 1s known that (c e ne woss03s. ¢ Pagadepotos
1dD. Taimpss hep-th/0306117] hOI(L:J) - 85(32 R)

"urthesmrore, the 32 of s/(32.R) 1s reducible under hol(w) Killing spinors resesgy

172 131t 1camn f 1 alote 113 thie deconimmr oot 10n



Generalized holonomy and Killing spinors
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Generalized holonomy and Killing spinors

The possible supersymmetric bosonic solutions of supergravity can be analized in
‘erms of the generalized holonomies: the necessary condition for the existence of k
\illing spinors, 3 o —

§5P €] Rab 3 — 0

“an be looked at as a restriction of the generalized holonomy group H.

If the field strength of the bosonic solution 1s also zero, F=(), the generalized
>onnection reduces to the true, spin(1,10)-valued connection wjy  We thus have:
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Generalized holonomy and Killing spinors
The possible supersymmetric bosonic solutions of supergravity can be analized in
‘erms of the generalized holonomies: the necessary condition for the existence of k
\illing spinors, 3 o —
& €7 Rab 3™ =

“an be looked at as a restriction of the generalized holonomy group H.
If the field strength of the bosonic solution 1s also zero. F=0, the generalized
>onnection reduces to the true, spin(7,710)-valued connection wjy  We thus have:

1) v = 0, I'=0: supersymmetry and Riemannian holonomy

the only non-vanishing field 1s the metric:

the generalized connection reduces to the true, Levi-Crivita spin connection Wy .

the Killing equation reduces to De ;¢ = 0 where D 1s the ordinary covariant
derivative: [Dg, Dple® o Ry 1, j%ge” = 0

the integrability ‘consistency condition involves the ordinary Riemann tensor.

1f Killing spinors exist, hol(w) C so(1, 10) strictly, the 32 of spin(1.10) 1s reducible
under the hol(w) subalgebra. Killing sp. and invariant singlets in this
decomposition are 1 one-to-one correspondence.

1n euclidean signature all holonomies are Known m serger. Buit soc Math France, 33,225 19857, for the

Lorentz case. the Spin(1.10) subgroups leaving invariant spinors have been given
[E.L. Bryant, 5émin Congr .4, Soc. MWath France Paris, 2000, 53-94 [math DG/O004073]; see DG/OR10059 for a rewew]

-1a-thusd =0 case, the # k of preserved supersymmetries is either 32 or k < Féewep

i I 2, 2 —I- ﬁ R I ﬁ] Feaae T Tomavermm T o ] 7900 17 9070 CTINNMS Thessy +8 000003 1 947 memd rafe Hhorces |



(2) v=0, F#0 : supersymmetry and generalized holonomy:

[M Duffand I Stelle, Phys Lett. B253, 113 (1991) J. Figuerca-OFarrill, . Papadopoules, JHEP 0303, 048 (2003) [hep-th/0211089]; M Duffand J.T. Liu, NP B674.
217-230(2003) [hep-th/0303140]; C. Hull, hep-th/0305030; .. Gauntlett. Martelli, Palds Waldram, CMP 247, 421 (2004) [hep-th/0205050]: ...

the connection and the curvature are the generalized ones (they include /) and R%,

renerates hol(w) |

Pirsa: 08060128 Page 4317%



(2) v=0, F#0 : supersymmetry and generalized holonomy:

[M Duffand I Stelle, Phys Lett. B253, 113 (1991); J. Figuerca-OFarrill, G. Papadopoulas, JHEP 0303, 048 (2003) [hep-th/0211089]; M. Duffand J.T. Liu, NP B674,
217-230(2003) [hep-th/0303140]; C. Hull, hep-th/0305039; .. Gauntlett. Martelli, Palds Waldram, CMP 247, 421 (2004) [hep-th/0205050]; ... ]

the connection and the curvature are the generalized ones (they nclude /) and R%,

renerates hol(w) .

he generalized structure group 1s now SL(32.R) and the gen holonomyv algebra

atisties hol(le) & 8l(32. /) (= R =0)¢
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(2) v=0, F#0 : supersymmetry and generalized holonomy:

[L Duffand K Stelle. Phys Lett B253, 113 (1991}, ] Figuersa-OFarrill. G. Papadogoulos, JI‘EEP“.:-[L} 048 (2003) [hep-t/0211089]; M Duffand J.T. Liu, NP B674,
217-230(2003) [hep-th/0303140]; C. Hull, hep-th/030503%; .. Gauntlett, Martelli, Palis Waldram, CIMP 247, 421 (2004) [hep-th/0205050]; ..

the connection and the curvature are the generalized ones (they mclude F) and R4
renerates hol(w)
he generalized structure group 1s now SL(32.R) and the gen holonomyv algebra

atisties hol(te) . 8l(32. R) (= Ra®¥ =10 )¢
he integrability condition. algebraic in €% . mvolves the generalized covariant
derrvative and reads [D, D]e® < R 5% - :

but now DEJQ — O = 6J"3R3a — 0 Q]]_l}' (not <= )

Higer order integrabiiity condittons are relevant for generalizd holonomy: & Batrachenko T Lau, O Varelaand W_ Y. Wen, Nucl. Phys B760 ]
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(2) v=0. F#0 : supersymmetry and generalized holonomy:

[WL Duffand K Stelle, Phys Lett. B253, 113 (19913, T, Figu&ma OFarill, G. Pap:aduﬂmﬂns JHEF‘ 0303, 043 (2003} [hep-th/0211085]; DA Euffancij T.Liu, NP B674,
217-23002003) [hep-th/0303140]; C. Hull, hep-th/0305039, . Gauntlett, Martelli, Palds Waldram CME 247, 4121 (20045 [hep-th/0205050], .. ]

the connection and the curvature are the generalized ones (they mclude ) and R4

renerates hol(w)
he generalized structure group 1s now SL(32.R) and the gen holonomyv algebra

atisties hOI(u.:) - 32(32 R) ( =% Ka* =0 ) :
‘he integrability condition, algebraic in €® . mvolves the generalized covanant
derivative and reads [D ? D] & e TR ja . - :

but now DEJQ — O = EJ"SRja — O in}' (TIOE == )

Higer order integrahility conditions are relevant for generalizd holonomy: & Batrachenko, IT. Lau, O Varelaand W_. Y. Wen, Nucl. Phys. B760 |

t Killing spinors exust the inclusion 1s strict,  hol(w) C si(32, R) | the 32 of s/(32.R) 1s
reducible under hol(w). and the Ailling spinors (supersymmetries preserved by
the bosonic supergravity solution) are invariant singlets in this decomposition
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(2) v=0., F#0 : supersymmetry and generalized holonomy:

[M Duffand K Stelle. Phys Lett B253, 113 (1991). ] Figuerna-OFarrill. G. Papadopoulos, JHEF‘ 0305, 048 (2007) [hep-th/0211089]. M Duffand J.T Liu, NF B674,
217-230(2003) [hep-th/0303140]; C. Hull, hep-th/0305039; .. Gauntlett, Martelli, Palis Waldram, CIMP 247, 421 (2004) [hep-th/0205050]; ...

the connection and the curvature are the generalized ones (they mclude F) and R4
renerates hol(w)
he generalized structure group 1s now SL(32.R) and the gen holonomyv algebra

atisties hOI(u.:) C 31(32 R) ( = Ka* =10 ) :
‘he integrability condition, algebraic in €® . mvolves the generalized covaniant
derivative and reads [D ? D] e x Ry . :

but now DEJQ — O ==t EJ"SR&G: — O Qlﬂ}' (not <= )

Higer orderintegrability conditions are relevant For generabizd holonomy: 4 Batrachenko I T Tau, O Varelaand W_ Y. Wen, INucl Phys B760 ]

t Killing spinors exust the inclusion 1s strict,  hol(w) C si(32, R) | the 32 of s/(32.R) 1s
reducible under hol(w). and the Ailling spinors (supersymmetries preserved by
the bosonic supergravity solution) are invariant singlets in this decomposition

Moreover. the tollowing holds for a solution preserving & supersvmmetries
'C Hull, hep+h/0305039 - Papadopoulos and Tsimpis, CQG 20, 1253 (2003) [hep-th/0307127], THEPO307, 018 (2003) [hep+h/0306117] - see also,
n the Gframe method contextl & Bandos, J A ded | ITM Izqmerdo, B Picdn and O Varela, PED 69, 105010 (2004) [hep-th/0212347] ]

hol(w) C sl(32 — k. R) ¢ REK(32—-k) =
sl(32 — k,R) &(R(32-k) g ... ¢ R(32-k))
In particular, for a hvpothetical preonic state. 5=31. and thus

hol(w) c R31
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(2) v=0. F#0 : supersymmetry and generalized holonomy:

[M Duffand K Stelle, Phys Lett. B253, 113 (1991); 1. Figua'cxa—D'Faﬂ'ﬂl G. Papadopoulos, JH.EP[I:-I]:- 048 (2003) [hep-th/0211089]; M. Duffand J.T. Liu, NP B674,
217-230(2003) [hep-th/0303140]; C. Hull, hep-th/030503%; .. Gauntlett, Martelli, Pakis Waldram, CMP 247, 421 (2004) [hep-th/0205050]; ..

the connection and the curvature are the generalized ones (they nclude /) and R%,
renerates hol(w)
‘he generalized structure group 1s now SL(32.R) and the gen holonomyv algebra

atisties hOl(u) 2 35(32 R) ( = Ka—~ =0 ) :
he integrability condition. algebraic in €® . mvolves the generalized covanant
derivative and reads [D T D] & o R 3::::: B :

but now e Jﬁ — 0 = € J.-SR 3‘1 — () only (not &= ).

Higer order integrahility condittons are relevant for generalizd holonomy: & Batrachenko, IT. Lau, O Varelaand W_ Y. Wen, Nucl. Phys. B760 ]

f Killing spinors exust the inclusion 1s strict, hol(w) C si(32, R) | the 32 of s/(32.R) 1s
reducible under hol(w). and the Ailling spinors (supersymmetries preserved by
the bosonic supergravity solution) are invariant singlets in this decomposition

Moreover. the tollowing holds for a solution preserving & supersvmmetries
'C Hull, hep-th/030503% - Papadopoulos and Teimpis, CQG 20, 1253 (2003) [hep-th/0307127], THEP0307, 018 (2003) [hep-th/0306117] - see also,
n the Gframe method contextl & Bandos, J A4 ded , IM Izquerdo, B Picédn and ©. Varela, PED 69, 105010 (2004) [hep-th/0212347] ]

hol(w) C sl(32 — k, R) & R®k(32-k) =
sl(32 — k, R) & (R(32-K) ... g R(32-K))
In particular, tor a hypothetical preonic state. k=31, and thus
hol(w) C R31

Ig&Tetal. the generalized holonomy per mrrs fractions L}} 6 of preserved

B ™ e T Ry gn s g e o e e Ol T e v - Tl o o e T BT et cme o i e St aeni e e T s,
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k/32-supersvm. sugra solutions (D=11.10 present list)
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k/32-supersym. sugra solutions (D=11.10 present list)

All fractions k 32 of preserved supersymmetries are allowed by the M-algebra.
Bandos and J. Luldersd, XITth Max Born, LNP (199%) [hep-th/2312074] ; J.P. Gauntlettand C.M Hull, JHEF 0001, 001 (2000} [hep-th/9909098] 1. Further. all

)-central charges are on the same footing and mixed by the GL(32.R) symmetry. Thus.
there is no reason, a priori, for not finding backgrounds for all possibilities.

wat. can we actually find a configuration for any k in D=10, 11 supergravities?
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k/32-supersym. sugra solutions (D=11.10 present list)

All fractions k 32 of preserved supersymmetries are allowed by the M-algebra.

Bandosand J. Luldersia, XIIth Max Bom, LNP (1999) [hep-th/9312074] ; J.P. Gauntlettand C.M Hull, JHEF 0001, 001 (2000) [hep-th/9909025] 1. Further, all

)-central charges are on the same footing and mixed by the GL(32.R) symmetry. Thus.
there is no reason, a priori, for not finding backgrounds for all possibilities.

ut. can we actually f' nd a cr_mf gumnon fur any kin D=10, 11 supergravities?
Tar superspace. also the D=11AdS4 7 x S”% and the IIB-t

=32, n=0 : vacuum, Mink. flat su 1
supergravity ‘xOlthlGI]f:. 4.d55 x S5, .4d5p+2><3*5" 2 (D,p) =(11,2),{(11.5),(10,3).
[P.T. Chrusciel and J. Kowaldd -Glilman PLE 149, 107 (1984} J. Figueroa O'Farrill. G. Papadopoulos, JTHEF 0108,036 (2002) [hep-th/0105308]; M. Blau, J.

Figuerna O'Famill, G. Papadopoulos, CQG 19, 4753 (2002) [hep-th/0202111]]
=n=16 : "standard’ BPS states. solutions of D=11 supergravity. as the
MO (NM=wave), M2 M5, M-KK (D=11 Kaluza-Klein monopole). M9 branes

[see ML.J. Duff, B.R. Khuri and 1. X Lu. Phys Rep 250, 213(1095) [hep-th/3412184]; K.5_ Stelle. hep-th/3803116; C. Hull, NFB 500, 216 ( 1923) [hep th/2705162]

v<16,n>16: k32<1 2states can be treated as supersposition of % states
tillterSECti]lg brane:s‘} [P.K. Townsend, Cargeése lectures [hep-th/0712004]; see also J. Molins and J. Simon, PRD 62, 125012 (2000)

[hep- th/0007253];, A. Batrachenko, WML Duff, J.T. Liuand W. Y. Wen, hep-th/D312185 , .. ..]

v>16, n <16 : various “exotic’. k32 > 1 2 states also have been tound (from 2002
[see rgfs adove plus CwetictLutPope [020322%]; Mickelsson [0206204]; Lu+Vazgquez-Poritz [0204001];, Benst+R Fothan [0206195]; Salaguchs [0306009].......]
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k/32-supersym. sugra solutions (D=11.10 present list)

All fractions k 32 of preserved supersymmetries are allowed by the M-algebra.

Bandos and J. Luldersd  3ITth Max Bom. LNP (1999 [hep-th/2812074] ; J.P. Gauntlett and C. M Hull, JHEP 0001, 001 (2000} [hep-th/2209093] 1. Further. all
)-central charges are on the same footing and mixed by the GL(32.R) symmetry. Thus.
there is no reason, a priori, for not finding backgrounds for all possibilities.

wat., can we actually fi nd a confi gumtwn fur any kin D=10, 11 supergravities?
v=32, n=0 : vacuum. ink. flat superspace. also the D=11AdSs 7 x S”* and the IIB-r

supergravity solutions AdSsg x S5 Adspﬂxbﬂ P—2 (D,p) =(11,2),(11.5),(10,3).

[P.T. Chrusciel and J. Kowalsid-Glikman, PLE 149, 107 (1924); ]. Figueroa O°Farill, G. Papadopoulos, JHEP 0108,036 (2002) [hep-th/0105308]; M. Blau, J.
Figueroa O°Famill, G. Papadopoulos, CQG 19, 4753 (2002) [hep-th/0202111]]

=n=16 : ‘standard’ BPS states. solutions of D=11 supergravity. as the
MO (NM-=wave), M2 M5, M-KK (D=11 Kaluza-Klein monopole). M9 branes
[see MLJ. Duff. R.R. Khuri and .. Lu. Phys Rep. 259, 213(1995) [hep-th/9412184]; K.5. Stelle, hep-th/9303116; C. Hull, NPB 509, 216 ( 1998) [hep th/S705162]
v<16,n>16: k32<1 2states can be treated as supersposition of % states

| 111t€1'36£t111g branes ) [P.K. Townsend, Cargése lectures [hep-th/9712004]; see also J. Molins and J. Simon, PRD 62, 125012 (2000
[hep- th/0007253]; A Batrachenkn, M.J. Duff J.T Liuand W.¥. Wen, hep-th/0312165 ; ]

> 16, n <16 : various ‘exotic’, k32 >1 2 states also have been tound (trom "ﬂﬂ"}
[see rgfs adove plus Cwetictlu+Pope [020323%9]; Mickelsson [0206204], Lu+Vazgquez-Porite [0204001]; Bena+F Fothan [0206195]; Salkaguchs [0306009] ...

.t present the list of k-supersym. states is (bracketed numbers = missing (k)-solutmns )
fimad 1,2,3,4,5,6,(7),8,(9), 10, (11), 12, (13), 14, (15), 16, (17),,..,,

s AT i YN A VIV w54 FYCY =F VY™ =me 2904 I3 L 1) =45



(3) NO PREONS IN D=11 CREMMER-JULIA-SCHERK AND
D=1011A, IIB SUPERGRAVITIES
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No preonic solutions 1n standard CJS supergravity
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No preonic solutions n standard CJS supergravity

some indications for the absence of preons in CJS supergravity were given early using

ht‘, G’-ﬁ'i:-ll'[lﬁ‘- metlmcl [LA Bandos,JA ded | IM Izquierdo, M Picénand O Varela, FRD 69, 105010 (2004 [hep-th/0212347]]

Parentherical remark: there always exist preonic solutions in Chern-Simons-type

rprEI‘gI‘iﬂ‘fﬁES LA Bandos, JA ded . JM Izguierdo, M Picin and O. Varela, PR D69 | 105010 (2004) [hep-th/hep-th/0312266] ]

But preonic solutions in CJS have been ruled out, both for simply connected manifolds
. Gran. J. Gutowski, G. Papadopoulos and D. Roest. JHEP 0702, 043 (2007) [hep-th 0610331] Fortschr Phys. 55, 736-714
2007) [hep-th 0611150]]

s well as for their non-simply connected quotients [J. Fizueroa O Farrill and S. Gadhia, JTHEP 0706. 043
2007) [hep-th/0702055]] (1t 15 seen that 1f a solution adnuts 31 Kalling spinors, 1t also adnuts an
wdditional one and hence it 1s tully supersymmetric )
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No preonic solutions in standard CJS supergravity

some indications for the absence of preons in CJS supergravity were given early using

hﬁ‘ G—fr:ame m ﬁtll@d [LA Bandos,JA deA  ITM Izquierdo, M Picdnand O Varela, FRD 69, 105010 (2004 [hep-th/0212347]]

Parentherical remark: there abvays exist preonic solutions in Chern-Simons-type

3 , ":r - 1,- = J‘ r 2 T i 3
iU pergrl I71€S 1A Bandos JA deA M Izguierdo, M Picén and O. Varela, PR D69 | 105010 (2004) [hep-th'hep-th/0312266] ]

But preonic solutions in CJS have been ruled out, both for simply connected manifolds
. Gran. J. Gutowzki, G. Papadopoulos and D. Roest. JHEP 0702, 043 (2007 ) [hep-th 0610331] Fortschr Phys 55, 736-714
2007) [hep-th 0611150]]

s well as for their non-simply connected quotients [J. Fizueroa O 'Farrill and S. Gadhia, JTHEP 0706. 043
2007) [hep-th/0702055]] (1t 13 seen that 1f a solution adnuts 31 Killing spinors, 1t also adnuts an
wdditional one and hence 1t 1s fully supersymmetric)

However, all the above negative results correspond to ‘pure’ CJS supergravity.
Cheyv do not vet exclude possible preonic solutions if e.g., ‘higher order’ (a')*-

rorrections, of third order in the Riemannian curvature are considered | seep Candelas M

reeman, C N Pope, M Schniusand K Stelle, FLB177, 341 (1986), E Peeters, P Vanhoveand A Westerberg, CQG 18,3843 (2001) [hep-
h/0010167, hepth/0010182]; PS. Howe and D. Tsimpis, JHEP 0309, 038 (2003) [hep-th/0305129];
3. Zwiebach, PLB 156,315 (1985); H Lu, C.N. Popeand K. 8. Stelle, NP B741, 17 (2006) hep th/0509057] |

ind or non-zero r-h.s’s for the equations of motion (D=11 sugra interacting
vitke breenes, also not considered here). Page 5670



No preonic solutions 1n standard ITA, IIB
supergravities
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No preonic solutions 1n standard ITA, IIB
supergravities

'n both type II supergravities, a bosonic solution 1> = Q0 = X stable under

supersymmetry transformations satisfies a differential (Killing) equartion (as for CJS,

olus an additional algebraic equation (coming from the dilatini transformations, M):
502 =0 = 1D =D —¢fF=0,

dex=0 = ¢€&M =0 (= Lnan k)
Chese two equations guarantee that the bosonic solution is k-supersymmetric. Then.
o ;s =0.I=1 31 V=)X®35 i I1A : My™ =Xz 5
g S SRS S5 = AT ALS L N\IIB : Ms. = Xj 55
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No preonic solutions 1n standard ITIA, IIB
supergravities

'n both type II supergravities, a bosonic solution 1> = QO = X stable under Ik
supersymmetry transformations satisfies a differential (Killing) equation (as for CJS,
2us an additional algebraic equation (coming from the dilatini transformations, M):
50 =0 = TDé:=De—¢fF=0,
bex=0 = ¢€M =0 (= Lo ay k)
lhese two equations guarantee that the bosonic solution is If-supersrmmerric. Then.
IIB : u;a A;

&0 =0, I=1....., 31= M=AR®5%3 i.e.{

For 114 either the preomc spinor 1s zero (— no preons ) or the matrix A /itself 1s also zero and s
all 1A fluxes are also zero. This means that the differential Kalling spinor equationinvolves the
ordinary connnectionand so there may be 32 or £=16 or less supersymmetnes, butnot 31 —
there are no I[1d supergravity preons (again. this result might change if stringy corrections,
which modity the fluxes matrix 1/, are considered)

[LA Bandos, JA deA and O Varela JTHEFP 09, 009 (2006) [hep-th/0607060]

For IIB a similar analvsis shows that only even numbers of preserved supersvmmetries are
possible. and hence thatthere are no I1B supergravity preons either, recovering the
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earlier negative result of [U. Gran.J. Gutowski. G. Papadopoulos and D Roest. THEP 0702, 044 (2007)
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(4) SUMNDMARY/CONCLUSIONS
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\Il BPS states of M-theory preserving k supersymmetries can be looked at as composites of
1=32-Kk primary constituents or BPS preons.
[a similar statement holds 1n anv D with 32 replaced by the corresponding spinor dimension 72 |.
Tsually, BPS states are described by solutions of D=10. D=11 classical supergravities
Are there any preonic supergravity solutions”
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\Il BPS states of M-theory preserving k supersymmetries can be looked at as composites of
1=32-Kk primary constituents or BPS preons.
[a similar statement holds 1n anv D with 32 replaced by the corresponding spinor dimension 72 |.
Tsually. BPS states are described by solutions of D=10. D=11 classical supergravities.
Are there anyv preonic supergravity solutions”

For standard D=11 CJS supergravity, preon solutions have been ruled out, both
for simply connected manifolds (U Gran,T Gutowski, G Papadopoulos and D. Roest, THEP 0702, 043 (2007) [hep-
th/0610331] Fortschr Phys. 55, 736741 (2007) [hepth/061115011 @S Well as for their non-simply connected

(U OTIENTS [T Figueroa O’ Famill and 5. Gadhia, JHEP 0706, 043 (2007) [hep-th/0702055]] ( 1t 18 seen that 1t a solution adnuts

31 Kalling spinors. 1t also adnuts an additional one and hence 1t 1s fully supersymmetric)
(seealso [LA Bandes, JA ded JM Izquierds, Bl Picdn and O Varela, PET 69, 105010 (2004) [hep-thi0212347 ] for negative indications]
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\Il BPS states of M-theory preserving k supersymmetries can be looked at as composites of
1=32-Kk primary constituents or BPS preons.
[a similar statement holds 1n anv D with 32 replaced by the corresponding spinor dimension 72 |.
Tsually. BPS states are described by solutions of D=10. D=11 classical supergravities.
Are there any preonic supergravity solutions”

For standard D=11 CJS supergravity, preon solutions have been ruled out, both
for simply connected manifolds (U Gran,T Gutowski, G. Papadopoulos and D. Roest, JTHEP 0702, 043 (2007) [hep-
th/0610331] Fortschr Phys 55, 736-741(2007) [hepthi0s 111501 S Well as for their non-simply connected

(U OTI@NTS [T Figueroa O’ Famill and 5. Gadhia, JIEP 0706, 043 (2007) [hep-th/0702055]] ( 1t 18 seen that it a solution adnuts

31 Kalling spinors. 1t also adnuts an additional one and hence 1t 1s fully supersymmetric)
(seealso [LA Bandeos, JA ded JM Izquierdo, Bl Picdn and O Varela, PED 69, 105010 (2004) [hep-th/0212347 ] fornegative indications|

Similarly, for II4d and IIB sugras, no preonic v = 31/32solutions exist either
ITA: [IA Bandos,JA deA and O. Varela, JHEP 09, 009 (2008) [hep-th/0607060]
IIB [T Gran T Gutowski, G Papadopoulos and D Roest, THEPOT02, 044 (2007 [hep-th/060604 9] ]
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\Il BPS states of M-theory preserving k supersymmetries can be looked at as composites of
1=32-Kk primary constituents or BPS preons.
[a similar statement holds 1n anv D with 32 replaced by the corresponding spinor dimension 72 |.
Tsually. BPS states are described by solutions of D=10. D=11 classical supergravities.
Are there any preonic supergravity solutions”

For standard D=11 CJS supergravity, preon solutions have been ruled out, both
for simply connected manifolds (U Gran,T Gutowski, G Papadopoulos and D. Roest, JHEP 0702, 043 (2007) [hep-
th/0610331] Fortsche Phys. 55, 736-741 (2007) [hepth/0s1115011 S Well as for their non-simply connected

(U OTIENTS [T Figueroa O’ Famill and 5. Gadhia, JHEP 0706, 043 (2007) [hep-th/0702055]] ( 1t 18 seen that 1t a solution adnuts

31 Kalling spinors. 1t also adnuts an additional one and hence 1t 1s fully supersymmetric)
(zeealso [LA Bandeos JA ded JM Izquierdo, B Picén and O Varela, PED 69, 105010 (2004) [hep-thi0212347 [ fornegative indications|

Similarly, for IId and IIB sugras, no preonic v = 31/32solutions exist either

ITA: [IA Bandos,JA deA and O Varela, JHEP 09, 009 (2006) [hep-th/0607060]
IIB: [U Gran,J. Gutowski, G Papadopoulos and D Roest, THEPOT02, 044 (2007) [hep th/0606049]]

Thus, although the preonic conjecture does not reqitire the existence of 31 32 classical sugra
wolutions, this is a strange situation: the M-algebra ' whichwould reflect the whole structure of
M-theorv. allows for states with any firaction v of preserved supersvmmetries. butno preonic,
»=31'32 classical sugra solutions exist and. further. classical no-go theorems have been proven.
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\Il BPS states of M-theory preserving k supersymmetries can be looked at as composites of
1=32-Kk primary constituents or BPS preons.
[a similar statement holds 1n anv D with 32 replaced by the corresponding spinor dimension 72 |.
Tsually. BPS states are described by solutions of D=10. D=11 classical supergravities.
Are there anyv preonic supergravity solutions”

For standard D=11 CJS supergravity, preon solutions have been ruled out, both
for simply connected manifolds (U Gran,T Gutowski, G Papadopoulos and D. Roest, THEP 0702, 043 (2007) [hep-
th/0610331] Fortschr Phys 55, 736741 (2007 [aep-th/0s1115011 @S well as for their non-simply connected

(U OTIeNTS [T Figueroa O’ Famill and 5. Gadhia, JEEP 0706, 043 (2007) [hep-+h/0702055]] (1t 18 seen that 1t a solution adnuts

31 Kalling spinors. 1t also adnuts an additional one and hence 1t 1s fully supersymmetric)
(seealso [LA Bandeos, JA ded JM Izquierdo, Bl Picdn and O Varela, PED 69, 105010 (2004) [hep-th/0212347 ] fornegative indications]

Similarly, for IId and IIB sugras, no preonic v = 31/32solutions exist either

IIA [IA Bandos, JA deA and O. Varela, THEP 09, 009 (2006} [hep-th/0607060]
IIB: [U Gran,J. Gutowski, G Papadopoulos and D Roest, THEPOTO2, 044 (2007) [hep-th/0606049]]

Thus, although the preonic conjectiure does not reqiutire the existence of 31 32 classical sugra
wolutions. this is a strange situation: the M-algebra ' whichwould reflect the whole structure of
M-theorv. allows for states with any firaction v of preserved supersvimmetries. butno preonic,
»=31'32 classical sugra solutions exist and. further. classical no-go theorems have been provern

Tay out: if preonic solittions were found only when corrections are considered. this would
ndicate that preons are intrinsically quantum objects that cannot be seen in the low energy
prexigiation to M-theory. Since preons are truly M-theory objects, a concliisive P54y
mralvsis of sunereravities with ‘strinev’ corrections remains to be done



1, nevertheless, preons were then not found, a natural question would be to know the
legree of the “preon conspiracy confinement determining the minimal number of
weons of a supergravity solution.
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1, nevertheless, preons were then not found, a natural question would be to know the
legree of the “preon conspiracy confinement determining the minimal number of
weons of a supergravity solution.

And, since preonic p-brane actions may be constructed in maximally extended,
ensorial SUPETSPUACES [see [ Bandosand] Lukerdd, Mod. Phys Lett 14, 1257 (1999) [hep-th/9811023], id+D. Sorakin, PRD 61, 045002 (2000)
1ep-th/9904109], I Bandos, T A ded  ITM Izquierdo, M Picdn and O Varela PR D69 105010-1-11 (2004) [hep-th/0312266], I Bandosand .

_de hep-thi0612277], perhaps one should take enlarged superspaces seriousiy [inthe spit of
. Chryssomalakos, J A ded  ITM Izquierdo and J.C. Pérez Bueno, NPB567, 293 (2000) [hep-th/9904137] , T A de A and IM Izquierdo, AT
onf Proc. 589,3 (2001) [hep-th/0105125] ]
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1, nevertheless, preons were then not found. a natural question would be to know the
legree of the “preon conspiracy confinement determining the minimal number of
weons of a supergravity solution.

And, since preonic p-brane actions may be constructed in maximally extended,

ensorial SUPETSPUACES [see [ Bandosand] Lukersd, Mod. Phys. Lett. 14, 1257 (1999) [hep-th/9811023], id+D. Sorakin, FRED 61, 045002 (2000)
1ep-th/9904109], I Bandos, T A ded  ITM Izquierdo, M Picdnand O Varela PR D692 105010-1-11 (2004) [hep-th/0312266], I Bandosand .

_de  hep-th/0612277], perhaps one should take enlarged superspaces seriously [inthe spint of
. Chryssomalakos, J A ded  ITM Izquierdo and J.C Pérez Bueno, NPB567, 293 (2000) [hep-th/9204137] ;T A de A and IM Izquierdo, AT
onf Proc. 589,3 (2001) [hep-th/0105125] ]

Note. tinally, that all searches for preonic solutions have been concerned with
wrely bosonic solutions, a restriction that is natural but nonetheless not implied by
‘he preon conjecture.
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1, nevertheless, preons were then not found. a natural question would be to know the
legree of the “preon conspiracy confinement determining the minimal number of
weons of a supergravity solution.

And, since preonic p-brane actions may be constructed in maximally extended,
ensorial SUPETSPUACES [see [ Bandosand] Lukerdd, Mod. Phys. Lett 14, 1257 (1999) [hep-th/9811023], id+D. Sorokin, FRD 61, 045002 (2000)
1ep-th/9904109], I Bandos, T A ded  ITM Izquierdo, M Picdnand O Varela, PR D69 105010-1-11 (2004) [hep-th/0312266], I Bandosand .

_de  hep-thi0612277], perhaps one should take enlarged superspaces seriously [inthe spit of
. Chryssomalakos, JA ded  TM Izquierdo and J C Pérez Bueno, NPBS67, 293 (2000) [hep-th/9904137] , T A de A and IM Izquierdo, AT
onf Proc. 589,3 (2001) [hep-th/0105125] ]

Note. finally, that all searches for preonic solutions have been concerned with
wurely bosonic solutions, a restriction that is natural but nonetheless not implied by
he preon conjecture.

Finalremark: it has been shown recently that, in D=4 and D=3 supergravities tlhere exist sugra preonic

(v=3 4) BPS backgrounds obtained by quotients
[J.Figueroa-O'Farrill I Gutowsk: and W. Sabra, Class. Quant Grav. 24,4429-4438 (2007) [hep-th/0705.27781] .

This is a first example of preons (albeit in lower dim. supergravity).
A cautionary signal for local holonony analyses?
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1, nevertheless, preons were then not found, a natural question would be to know the
legree of the “preon conspiracy confinement determining the minimal number of
weons of a supergravity solution.

And, since preonic p-brane actions may be constructed in maximally extended,

ensorial SUPETSPUCES [see [ Bandosand] Lukerdd, Mod. Phys. Lett 14, 1257 (1999) [hep-th/9811027], id+D. Sorakin, PRED 61, 045002 (2000)
1ep-th/9904109], I Bandos, T A deA  ITM Izquierdo, M FPicdn and O Varela, PR D692 105010-1-11 (2004) [hep-th/0312266], I Bandosand .

_deA  hep-thi0612277], perhaps one should take enlarged superspaces seriousiy [inthe spint of
. Chryssomalakos, J A ded | IM Trquierdo and J.C. Pérez Bueno, NP BS67, 293 (2000) [hep-th/9904137] . T A de A and IM Izquierdo, AT
onf Proc. 589,3 (2001) [hep-th/0105125] ]

Note. finally, that all searches for preonic solutions have been concerned with
wrely bosonic solutions, a restriction that is natural but nonetheless not implied by
‘he preon conjecture.

Finalremark: it has been shown recently that, in D=4 and D=5 supergravities there exist sugra preonic

(v=3 4) BPS backgrounds obtained by quotients
[J.Figueroa-O"Farrill, I Gutowsk: and W. Sabra, Class. Quant Grav. 24,4429-4438 (2007) [hep-th/0705.27781] .

This is a first example of preons (albeit in lower dim. supergravity).
A cautionary signal for local holonony analyses?

Thus, concerning the existence of M-theory preon states, perhaps we
reossozs gty conclude by saving that the jury is still out...  rng



