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PENROSE LIMITS AND MAXIMALSUPERSYMMETRYMATTHIAS BLAU, JOS�E FIGUEROA-O'FARRILL, CHRISTOPHER HULL,AND GEORGE PAPADOPOULOSAbstra
t. We show that the maximally supersymmetri
 pp-waveof IIB superstring and M-theories 
an be obtained as a Penroselimit of the supersymmetri
 AdS�S solutions. In addition we �ndthat in a 
ertain large tension limit, the geometry seen by a braneprobe in an AdS�S ba
kground is either Minkowski spa
e or amaximally supersymmetri
 pp-wave.Contents1. Introdu
tion 12. Penrose limit of supergravity theories 23. Penrose limit of AdS�S solutions 53.1. The metri
s 53.2. The p-forms 73.3. Symmetries 84. Worldvolume dynami
s and Penrose limits 10A
knowledgments 11Referen
es 111. Introdu
tionIt has re
ently been shown [1℄ that ten-dimensional type IIB su-pergravity admits a maximally supersymmetri
 pp-wave ba
kgroundanalogous to the one dis
overed by Kowalski-Glikman [8℄ for eleven-dimensional supergravity and dis
ussed more re
ently in [5℄. In both
ases, the geometry is given by a lorentzian symmetri
 spa
e G=K withsolvable G, and the �eld strengths (the self-dual �ve-form in type IIBand the four-form in eleven dimensions) are parallel and null; su
h solu-tions were 
alled Hpp-waves in [5℄. The spa
etime is geodesi
ally 
om-plete and the metri
 is that of a pp-wave, but the transverse geometryis not asymptoti
ally 
at. The existen
e of these Hpp-wave solutions isa little puzzling. The reason is that they are to be treated on the samefooting as the other maximally supersymmetri
 solutions: 
at spa
eand solutions of the form AdS�S; but whereas these latter solutionsEMPG-02-01, QMUL-PH-02-01. 1



2 BLAU, FIGUEROA-O'FARRILL, HULL, AND PAPADOPOULOSplay the role of asymptoti
 or near horizon limits of fundamental branesolutions, no su
h role was known for the former. This puzzle motivatedthe present work, in whi
h we will show that these maximally super-symmetri
 Hpp-waves are obtained as Penrose limits of the maximallysupersymmetri
 AdS�S solutions of eleven-dimensional and type IIBsupergravity theories. In addition, we shall show that the geometryseen by a brane probe in an AdS�S spa
etime in the weak 
oupling(equivalently large tension) limit is either a Minkowski spa
e or a max-imally supersymmetri
 Hpp-wave.In [12℄ Penrose showed that every spa
etime has a limit whi
h aneighbourhood of a null geodesi
 be
omes a pp-wave spa
etime. Al-though his paper fo
used on the 
ase of four-dimensional spa
etimes,he pointed out that this persists in higher dimensions. More re
ently,in [7℄ G�uven extended Penrose's work to supergravity ba
kgrounds inten and eleven dimensions. He a
hieved this by extending the limitingpro
edure to the other �elds present in the supergravity theories. (Thislimit had already appeared in the 
ontext of world-sheet sigma-modela
tions and `
ontra
tions' of WZW models in [13, 11, 14, 15℄). Thelimiting solutions are 
hara
terised by having a pp-wave-like geometryand null 
uxes. We will review this brie
y in Se
tion 2.In Se
tion 3 we exhibit the maximally supersymmetri
 Hpp-waves [8,5, 1℄ of eleven-dimensional and IIB supergravity as Penrose limits of themaximally supersymmetri
 AdS�S solutions. Similar methods alsoyield the Hpp-wave solutions to �ve- and six-dimensional supergravitiesobtained re
ently in [9℄, as well as Hpp-wave solutions in supergravitytheories in various dimensions. These will appear in a forth
omingpaper [2℄ where we present a systemati
 and 
omprehensive dis
ussionof the Penrose limit in string theory. We also show that the Penroselimit provides a natural explanation for the stru
ture of the group ofisometries of the maximally supersymmetri
 Hpp-waves.In Se
tion 4 we explore the worldvolume dynami
s of a brane probein a spa
etime under the Penrose limit. There are di�erent Penroselimits for ea
h spa
etime whi
h depend on the 
hoi
e of null geodesi
.The e�e
t of the limit is to blow up a neighbourhood of the geodesi
.The Penrose limit also blows up the indu
ed worldvolume of branes.This 
an be seen by pla
ing a brane probe in a spa
etime. A Penroselimit 
an be taken in whi
h the brane tension is s
aled and at thesame time a spa
etime 
oordinate transformation is performed. Thereis a limit in whi
h the tension of the probe goes to in�nity and thespa
etime in the neighbourhood of a null geodesi
 goes to the Penroselimit. 2. Penrose limit of supergravity theoriesIn this se
tion we will brie
y review the Penrose limit as des
ribed byG�uven for ba
kgrounds of ten- and eleven-dimensional supergravities.



PENROSE LIMITS AND MAXIMAL SUPERSYMMETRY 3Let (M;g) be a lorentzian spa
etime. A

ording to [12, 7℄ in a neigh-bourhood of a segment of a null geodesi
 
 
ontaining no 
onjugatepoints, it is possible to introdu
e lo
al 
oordinates U; V; Y i su
h thatthe metri
 takes the formg = dV  dU + �dV +Xi �idY i! +Xi;j CijdY idY j ; (1)where �, �i and Cij are fun
tions of all the 
oordinates, and where Cijis a symmetri
 positive-de�nite matrix. The 
oordinate system breaksdown as soon as detC = 0, signalling the existen
e of a 
onjugatepoint. The 
oordinate U is the aÆne parameter along a 
ongruen
eof null geodesi
s labelled by V and Y i. The geodesi
 
 is the one forwhi
h V = 0 = Y i.In ten- and eleven-dimensional supergravity theories there are other�elds besides the metri
, su
h as the dilaton �, gauge potentials ormore generally p-form potentials Ap with (p + 1)-form �eld strengths.The gauge potentials are de�ned up to gauge transformations Ap 7!Ap + d�p�1 in su
h a way that the �eld strength Fp+1 = dAp is gaugeinvariant. It is possible to use this gauge freedom in order to gaugeaway some of the 
omponents of the p-form potentials. Indeed, one
an 
hoose a gauge lo
ally in whi
hi(�=�U)A = 0 ; (2)or in 
omponents AUi1i2:::ip�1 = AUV i1i2:::ip�2 = 0 :Similar results apply for �eld strengths with interea
tion terms, F =dA+: : : . The starting point of the Penrose limit is the data (M;g;�; Ap)de�ned in a neighbourhood of a 
onjugate-point-free segment of a nullgeodesi
 
 where g and Ap take the forms (1) and (2), respe
tively.We now introdu
e a positive real 
onstant 
 > 0 and res
ale the
oordinates as followsU = u ; V = 
2v and Y i = 
yi : (3)A
ting with this di�eomorphism on the tensor �elds of the theory weobtain an 
-dependent family of �elds g(
), �(
) and Ap(
). The
oordinate and gauge 
hoi
es (1) and (2) ensure that the followingPenrose limit [12℄ (as extended by G�uven [7℄ to �elds other than themetri
) is well-de�ned: �g = lim
!0
�2g(
)�� = lim
!0�(
)�Ap = lim
!0
�pAp(
) : (4)



4 BLAU, FIGUEROA-O'FARRILL, HULL, AND PAPADOPOULOSBy virtue of (3) the limiting �elds only depend on the 
oordinateu, whi
h is the aÆne parameter along the null geodesi
. The resultingexpression for the metri
 is of the form�g = dudv +Xi;j �Cij(u)dyidyj : (5)The gauge potentials �Ap only have 
omponents in the transverse dire
-tions yi, i(�=�u) �Ap = 0 = i(�=�v) �Ap ;and the �eld strengths �Fp+1 are therefore of the form�Fp+1 = du ^ �Ap(u)0 ; (6)where 0 denotes d=du. Note that �Fp+1 is null.As the supergravity a
tions transform homogeneously [7℄ under thes
aling (4), (�g; ��; �Ap) will be a solution to the supergravity equations ofmotion whenever (g;�; Ap) is. These and other hereditary properties(in the sense of [6℄) of Penrose limits will be dis
ussed in detail in [2℄.The above expression for �g is that of a pp-wave in Rosen 
oordinates.It is possible to 
hange to Brinkman (also 
alled harmoni
) 
oordinatesin su
h a way that the resulting metri
 takes the form�g = 2dx+dx� + Xi;j Aij(x�)xixj! (dx�)2 +Xi dxidxi : (7)When Aij is 
onstant this metri
 des
ribes a lorentzian symmetri
Cahen{Walla
h spa
e [3℄. Su
h spa
es in
lude the maximally super-symmetri
 Hpp-waves of eleven-dimensional [8, 5℄ and IIB supergravity[1℄, namelyg11 = 2dx+dx� � 3Xi;j=1 Æijxixj + 14 9Xi;j=4 Æijxixj! (dx�)2 + 9Xi=1 dxidxi(8)gIIB = 2dx+dx� � 8Xi;j=1 Æijxixj(dx�)2 + 8Xi=1 dxidxi (9)(up to an overall s
aling of Aij by a real positive 
onstant whi
h 
analways be absorbed into a s
aling of (x+; x�)). It is this observationwhi
h gives rise to the investigation reported here and in [2℄.The expli
it 
hange of variables whi
h takes the metri
 from Rosento Brinkman form is given byu = 2x� v = x+ � 12Xi;j Mij(x�)xixj yi =Xj Qij(x�)xj ;where Qij is an invertible matrix satisfying (a 0 now denotes d=dx�)CijQikQjl = Ækl and Cij �Q0ijQjl �Q0ikQjl � = 0 ; (10)



PENROSE LIMITS AND MAXIMAL SUPERSYMMETRY 5and Mij = CklQ0kiQlj ;whi
h is symmetri
 by virtue of the se
ond equation in (10). Thisequation guarantees that the limiting metri
 �g has the form (7). Therelation between Cij and Aij isAij = �[CklQ0lj℄0Qki :It is possible to rewrite the �eld strengths �Fp+1 given in (6) in termsof Brinkman 
oordinates, to arrive at the following expression:�Fp+1 =Xik ;jk ddx� �Ai1i2:::ip(2x�)Qi1j1Qi2j2 � � �Qipjp� dx� ^ dxj1 ^ dxj2 ^ � � � ^ dxjp :3. Penrose limit of AdS�S solutionsIn this se
tion we exhibit the maximally supersymmetri
 Hpp-wavesolutions to eleven-dimensional and IIB supergravity as Penrose limitsof AdS�S supergravity solutions.3.1. The metri
s. The near horizon geometry of the M2-, M5- andD3-brane solutions is of the form AdSp+2�SD�p�2 where the values ofp and D 
orresponding to ea
h of the above branes are listed in Table 1along with the ratio � := RAdSp+2=RSD�p�2 of the radii of 
urvature ofthe two fa
tors. Brane p D �M2 2 11 12D3 3 10 1M5 5 11 2Table 1. Dimensions and radii of 
urvatureThe metri
 for anti-de Sitter spa
e AdSp+2 with radius of 
urvatureRAdS 
an be written asgAdS = R2AdS ��d� 2 + (sin � )2� dr21 + r2 + r2d
2p�� ; (11)where d
2p is the p-sphere metri
.Similarly, we write the round metri
 on the n-sphere Sn with radiusof 
urvature RS asgS = R2S �d 2 + (sin )2d
2n�1� ; (12)where d
2n�1 is the metri
 on the equatorial (n�1)-sphere and  is the
olatitude.



6 BLAU, FIGUEROA-O'FARRILL, HULL, AND PAPADOPOULOSThe metri
 on AdSp+2�SD�p�2 is then g = gAdS+gS , whi
h is givenbyR�2g = �2 ��d� 2 + (sin � )2� dr21 + r2 + r2d
2p��+ d 2 + (sin )2d
2D�p�3 ;where we have introdu
ed the ratio � de�ned above and where R is theradius of 
urvature of the sphere. Let us now 
hange 
oordinates inthe ( ; � ) plane to u =  + �� v =  � �� ; (13)in terms of whi
h, the metri
 g be
omesR�2g = dudv + �2 sin((u� v)=2�)2� dr21 + r2 + r2d
2p�+ sin((u+ v)=2)2d
2D�p�3 :We now take the Penrose limit along the null geodesi
 parametrised byu. In pra
ti
e this 
onsists in dropping the dependen
e on 
oordinatesother than u. Doing so we �ndR�2�g = dudv+�2 sin(u=2�)2ds2(Ep+1)+(sin(u=2))2ds2(ED�p�3) ; (14)whi
h is the metri
 of a Cahen{Walla
h symmetri
 spa
e in Rosen
oordinates (
ompare with [4℄ for the d = 11 solution).To see this let us introdu
e 
oordinates ya for a = 1; : : : ;D � 2 insu
h a way that the metri
 (14) be
omesR�2�g = dudv + D�2Xa=1 (sin(�au))2(2�a)2 dyadya ;where �a = (1=2� a = 1; : : : ; p+ 11=2 a = p+ 2; : : : ;D � 2 : (15)We 
hange 
oordinates to (x+; x�; xa) wherex� = u=2 ; x+ = v� 14Xa yaya sin(2�au)2�a ; xa = ya sin(�au)2�a ; (16)in su
h a way that the metri
 now be
omesR�2�g = 2dx+dx� � 4 Xa �2axaxa! (dx�)2 +Xa dxadxa ; (17)whi
h we re
ognise as a Cahen{Walla
h metri
 (7) whose matrix Aij is
onstant and diagonal with negative eigenvalues f��2ag. For �a givenas in (15) we obtain, if � = 12 or � = 2, pre
isely the metri
s of the max-imally supersymmetri
 Hpp-waves of eleven-dimensional supergravity



PENROSE LIMITS AND MAXIMAL SUPERSYMMETRY 7(8) dis
overed in [8℄ (see also [5℄), and if � = 1 the maximally super-symmetri
 Hpp-wave of IIB supergravity (9) dis
overed in [1℄. The two
ases � = 12 and � = 2 are isometri
|an expli
it di�eomorphism beinggiven by x� 7! 12x�x+ 7! 2x+(x1; : : : ; x6; x7; : : : ; x9) 7! (x4; � � � ; x9; x1; : : : ; x3) :3.2. The p-forms. The near horizon geometries of the M2, D3 andM5 brane solutions 
arry 
uxes with respe
t to (D � p � 2)-form�eld strengths. Let us 
onsider the M-branes �rst. The 7-form inthe AdS4�S7 solution is given by the Hodge dual of the 4-formF4 =p6jsjdvol(AdS4) ;whereas the 4-form in the near horizon geometry of the M5 brane isgiven by F4 =p6jsjdvol(S4) ;where s is the s
alar 
urvature of the supergravity solution. The s
alar
urvature of the solution is 1=8 of the s
alar 
urvature of the four-dimensional fa
tor, whi
h for a four-dimensional spa
e form is (in ab-solute value) 12R�2, where R is the radius of 
urvature. Therefore, interms of the radii of 
urvature, the above 4-forms 
an be written asF4 = 3R�1AdS dvol(AdS4) ;and F4 = 3R�1S dvol(S4) ;respe
tively.Next 
onsider the 
ase of the AdS7�S4 solution M5 brane. Themetri
 gS of the 4-sphere of radius of 
urvature R isR�2gS = d 2 + (sin )2d
23 ;where d
23 is the round metri
 on the equatorial 3-sphere. The 
orre-sponding volume form is thendvol(S4) = R4(sin )3d ^ dvol(S3) ;when
e the 4-form isF4 = 3R3(sin )3d ^ dvol(S3) :Taking the Penrose limit along the geodesi
 with aÆne parameter u = + 2� , we �nd�F4 = 32R3(sin(u=2))3du ^ dy7 ^ dy8 ^ dy9in Rosen 
oordinates. Changing to Brinkman 
oordinates as in (16),we obtain R�3 �F4 = 3dx� ^ dx7 ^ dx8 ^ dx9 ;



8 BLAU, FIGUEROA-O'FARRILL, HULL, AND PAPADOPOULOSwhi
h agrees with the expression for the 4-form in the maximally super-symmetri
 Hpp-wave solution of eleven-dimensional supergravity [8, 5℄.The same holds (after a 
hange of variables) for the 4-form in theAdS4�S7 solution.Finally we 
onsider the AdS5�S5 solution. In our 
onventions, theself-dual 5-form in the AdS5�S5 solution is given byF5 = 12R�1 �dvol(AdS5) + dvol(S5)� ;where R is the radius of 
urvature of both anti-de Sitter spa
etime andthe sphere. In terms of the 
oordinates in whi
h we wrote the metri
s,we haveF5 = 12R4� r3p1 + r2 (sin � )4d� ^ dr ^ dvol(S3) + (sin )4d ^ dvol(S4)� :Taking the Penrose limit along the geodesi
 parametrised by u =  +� ,we obtain�F5 = 14R4(sin(u=2))4du^ �dy1 ^ dy2 ^ dy3 ^ dy4 + dy5 ^ dy6 ^ dy7 ^ dy8�in Rosen 
oordinates. Using (16) to go to Brinkman 
oordinates, weobtainR�4 �F5 = 12dx� ^ �dx1 ^ dx2 ^ dx3 ^ dx4 + dx5 ^ dx6 ^ dx7 ^ dx8� ;whi
h, together with (9), agrees with the maximally supersymmetri
Hpp-wave dis
overed in [1℄.In summary, we 
on
lude that the maximally supersymmetri
 Hpp-waves of [8, 5℄ and [1℄ appear as Penrose limits of maximally super-symmetri
 AdS�S spa
etimes. Moreover this is not an a

ident. Infa
t, it 
an be shown [2℄ that there are only two possible Penrose lim-its of these AdS�S solutions: generi
ally one obtains the maximallysupersymmetri
 Hpp-waves, but one 
an also get 
at spa
e for veryspe
ial null geodesi
s, namely those whi
h have no velo
ity 
omponenttangent to the sphere.3.3. Symmetries. One intriguing feature of the maximally supersym-metri
 Hpp-waves is that their symmetry (super)algebra has the samedimension as that of the AdS�S solutions. It was observed in [1℄ thatthe symmetry (super)algebras of these 
lasses of solutions are relatedessentially by a 
ontra
tion, and this in turn suggests a limiting pro-
edure relating the two 
lasses of solutions. This limiting pro
edureis none other than the Penrose limit, as we will now show. We willbe brief, leaving the details to our forth
oming paper [2℄ whi
h alsoin
ludes a more general dis
ussion of what happens to isometries andsupersymmetries under the Penrose limit.Let � be a Killing ve
tor of the AdS�S solution and let us 
hange
oordinates to those 
onsidered above that are adapted to a null ge-odesi
. After the 
hange of variables (3), the ve
tor �eld a
quires adependen
e on the s
aling parameter 
. Let us make this manifest bywriting it as �(
). For all 
 > 0, �(
) is a Killing ve
tor with respe
t
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aled metri
 g(
); hen
e in the limit, �� = lim
!0 
��(
),where � is 
hosen so that the above limit exists and is non-zero, isa Killing ve
tor with respe
t to the limiting metri
 �g. An argumentoriginally due to Gero
h [6℄ and des
ribed in more detail in the present
ontext in [2℄ shows that all Killing ve
tors are preserved, althoughthe algebrai
 stru
ture is generally 
ontra
ted, due to the fa
t that dif-ferent Killing ve
tors may have to be res
aled with di�erent values of�. A similar argument shows that the Killing spinors of a supergravitysolution are also preserved. It is important to noti
e, however, that thePenrose limit might admit additional (super)symmetries not present inthe original solution.Con
retely, 
onsider the Penrose limit of AdSp+2�SD�p�2 with radiiof 
urvature RAdS = �R and RS = R, respe
tively. The Penrose limitalong the null geodesi
 
onsidered above is an Hpp-wave metri
 of theform (7) where the matrix Aij is 
onstant and has two eigenvalues withratio � and multipli
ities p + 1 and D�p�3. Under the Penrose limit,the so(2; p+1)�so(D�p�1) isometry algebra of AdSp+2�SD�p�2 getsmodi�ed in the following way. The so(2; p + 1) fa
tor gets 
ontra
tedto h(p + 1) o so(p + 1), where h(p + 1) is a Heisenberg algebra with2p + 3 generators and so(p + 1) a
ts on the 
reation and annihilationoperators in the natural way (i.e., they transform as ve
tors). Simi-larly the so(D�p�1) fa
tor 
ontra
ts to h(D�p�3)oso(D�p�3). The
entral element in both Heisenberg algebras 
oin
ide. This means thatthere are two Killing ve
tors �1(
) and �2(
) su
h that they agree toleading order in 
 and hen
e 
oin
ide in the limit. Consider insteadthe linear 
ombinations ��(
) = �1(
) � �2(
). These ve
tor �eldsmust be res
aled di�erently for their limits to exist and be non-zero:�+(
) be
omes in the limit the 
ommon 
entral element of the 
om-bined Heisenberg algebra h(D�2), whereas ��(
) be
omes an outerautomorphism 
ommuting with so(p+ 1)� so(D�p�3). In Brinkman
oordinates, ��� are realised as �=�x�. We see, therefore, that the isom-etry algebra so(2; p+1)� so(D�p�1) of AdSp+2�SD�p�2 
ontra
ts toa semidire
t produ
th(D�2)o (so(p+ 1) � so(D�p�3)�R) :If the ratio � of the radii of 
urvature is equal to 1, there is an additionalenhan
ement of the isometry, and the subalgebra so(p+1)�so(D�p�3)is enlarged to the full so(D�2). This however has no 
ounterpart inthe original metri
.In summary, the Penrose limit provides a natural explanation forthe isometry stru
ture of the maximally supersymmetri
 Hpp-wavesdis
ussed in [1℄. Finding su
h an explanation was one of the motivationsfor the present work.



10 BLAU, FIGUEROA-O'FARRILL, HULL, AND PAPADOPOULOS4. Worldvolume dynami
s and Penrose limitsTo investigate the e�e
t of the Penrose limit on the dynami
s of braneprobes, we 
onsider the a
tion of a typi
al p-brane with tension Tp prop-agating in a AdS�S ba
kground. Here we shall fo
us on the bosoni
part of brane probe a
tions without worldvolume �elds of Born-Infeldtype. The analysis whi
h follows 
an be extended to in
lude Born-Infeld �elds and this will be presented in [2℄. Under these assumptions,the a
tion of a p-brane probe in a ba
kground (e.g., AdS�S) withnon-vanishing form-�eld potential C isIp[g;C;�p℄ = Tp�ZD dp+1�pg + ZD C� ;where Tp = 1=�p is the p-brane tension and D is a region of worldvol-ume. The �rst term in the a
tion is the usual indu
ed volume term andthe se
ond is a Wess{Zumino term; we do not distinguish between theindu
ed metri
 and form-gauge potential and the asso
iated spa
etimeobje
ts g and C, respe
tively. It is 
lear from the 
ontext whi
h iswhi
h.To implement the Penrose limit for the probe a
tion above, we �rstres
ale �p ! 
p+1�p, obtainingI[g;C; 
p+1�p℄ = I[
�2g;
�(p+1)C;�p℄ :Next, adopting appropriate 
oordinates for the Penrose limit and per-forming the 
oordinate transformation (3), we 
an writeI[
�2g;
�(p+1)C;�p℄ = I[
�2g(
);
�(p+1)C(
);�p℄ :Now for 
� 1 we 
an expand the probe a
tion in a power series in 
as I[
�2g;
�(p+1)C;�p℄ = I[�g; �C;�p℄ +O(
) ;where (�g; �C) are the metri
 and gauge-form potential at the Penroselimit. Now we have seen that there are two types of Penrose limits forAdS�S spa
etimes, either the maximally supersymmetri
 Hpp-waveor Minkowski spa
etime. This limit takes worldvolume solutions ofprobes in AdS�S to worldvolume solutions of probes in the Penroselimit of AdS�S, whi
h is either an Hpp-wave spa
etime or Minkowskispa
e, depending on the 
hoi
e of null geodesi
.A physi
al interpretation of the Penrose limit is as a parti
ular largetension limit of p-branes in a given spa
etime, arising from making the
-dependent 
hange of 
oordinates (3) and the res
aling of the tensionTp ! Tp=
p+1. The theory 
an then be developed as a perturbationseries in 
, and there will be a di�erent perturbation series for di�erent
hoi
es of null geodesi
. Taking the limit 
! 0 then redu
es the branea
tion to that of a brane in a spa
etime whi
h is the Penrose limit of theoriginal spa
etime, and this will depend on the 
hoi
e of null geodesi
[2℄. In this limit �p ! 0, so it is a weak 
oupling limit from the
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tive of the p-brane. For branes in AdS�S, the limit arisingin this way is Minkowski spa
etime or the maximally supersymmetri
Hpp-wave, depending on the 
hoi
e of geodesi
.In parti
ular we �nd that the IIB string in AdS5�S5 has two largetension limits of this kind: the string in ten-dimensional Minkowskispa
etime and the string in the Hpp-wave solution found in [1℄. Itis worth mentioning that in both of these limits the IIB superstringGreen{S
hwarz a
tion does not exhibit any intera
tions after gauge�xing (see [10℄ for the 
ase of the Hpp-wave) despite the presen
e ofRamond-Ramond �eld and 
an be quantised exa
tly.A
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