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Abstract, We consider g = N = 1 coanciding 5 5-branes on top of each other, in
the maltiphe KK monopole background . The worldvelisme of & 3M-Sbrane is tie
loeal product of the Tour-dEmemsional spacetime #'7 amd an elliptic curve, Taken
togetlir, these gemis-one Ficmann susfaces are supposed to give a single | Saberg-
Witken] hypercdSplic cirm L i the remmidener Emit, where th gaiige svmenciey
is knoewn to be enhanced to 30N We make this gauge symmetry enhance mwent
maslesl by analyong the céescspsaching Jlmm-lhlpfr\l LEEA which = grvem by
Lhe MW=2 mon-linear siges-mmsle]l having O as the targel space, The hyper- Kahler
meanilodd £f is knowm b be given by ihe multicentre TaubNUT space, which in ihe
roimcidener Emit ameianis 4a Lhe -u'll.iplr- PwII‘H-HHJI.ﬂl 1J||-F::| Epucn I:'...I.H- The
latber i most nadwmrally descpiboed by using the hyper-Rahlor coset copstruction in
liarmoile saperspace, (@ terms of dhe sudliary Nl vemtor superfeelds as Lagrange
multipliers. m the prosenoe of Fl terme The Maklsona lisil, s wkach the LEEA
is given by the N=4 SYM with the gauge group SUNV ) comrespomds do semding
all thee F1 verms o 2ero an large N, when all b auxiliary N=2 veolor superfichls
become dynamical,

1 Brane technology and KK monopoles

The (Seiberg=Witten-type] exact solution to the N=2 super-QUD can be
wlemtificd with the LEEA of the effective (ealled N=2 MQUIY field theary
defined in the worldvelime of the séngle M-5S-baane, loeslly given by the
product of the uncompacfuificd fowr-dimensional spacetime 552 aml the hy-
perelliptee (Seiberg-Witlen] curve X, of genus g = 8 = 12 Wikten {1987)
(oee, ¢, Karch et al, (1098), Ketov (100F), Ketov (1908) for a poview ar
intradisction ), The hyperdliptic carve g b snppsosed 1o bo holamaephically
embedded into the hyper-Rahler four-dimensional multiphe Taub-NUT space
Qe nesociated with the multiple KK-monopele. The sleatificatzon of the
Ioar-ererpy effective acttons {LEEA] in the two apparently different feld the-
ories (the & = 2 siper-CC in the Coslonsls branch o the ane side, aad the
N =3 MOOD defined o the M-b-brane world-voliwme, an the cthes side) &
highly non-trivial, since the former is defined as the leading contribution Lo
the gramtum LEEA in quantum Geld theory, whereas the latter s determined
by the clesarcal M-O-brage dynnmics or the [ = 11 supergravity squations
af matian, whose BPS solutions preserving some part of supemsymmeley aee
the M-theary branes under consderation,
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1.1 Multiple KK monopole
The multiple KB monopole 2 a son-singular BES solation o the eleven-

dimenstonal supergravity equations af molion, given by the proshuct of the
seven-cdimensional (lat] Minkowski spacetimes %% and the foar-dimensional
Euclidesn miltieentte Taah-NUT space Epw (Tawnsend (195]):

defyyy = de et + Hidy)" + H~ dg 4+ © - dy)” |
TuCuTIl, P|1:-E-'f-'1'|d:|=':| . (n

where o= 0, 1,217 89,y = [y.-l. i = 4,56, the eleventh coordinate g
in sipposed 10 b pericdie (with the period 22k - this & just meocssary 1o
avaid conteal singularities of the metric], while ithe barmonie function Hiy)
iz given by

u[,.-}=1+i, L - i2)
L2y — ¥l

The madult (&, %) can be interpeeted s [equal) chasges aid the locations
of the KK monopobs, respectively. The maultiple ‘Tanb-NUT space can be
thought of &5 a nan-trivial bundle {Hopf fibration) with the base H? amd the
fiber 5! of magnetic charge k. There exist N linearly independent normaliz-
aldbe self-dual harmanic 2-forma <y in Qarw, which antisfy the orthoganality
comdition [see Gibbans st al, [1988), and references therein)

|
WL H;.l".h'i=l!.ﬂ ' '3:|

As is clear froo eq. (1), two adjacent KR wonopeles are connectel by a
hivmealagy 2-sphere having poles at the positions of the two monopoles, Near
a singularity of ¥, the KK circle 5 contracts 1o n point. A holomerphic
embicdlding of the 5W curve X5 inte the hvpes-Kibler manifeld Qo is the
consequense of the BPF condiffon (Mikbailow | 1SE7])

Areaf £} = |f_ r:-| . )

where 1F is the Kahler form in Qnrs.

1.2 Ne=2 QCD LEEA in Conlomb branch from branae d,rn.u.rniu

The grometrical crigin and the physical mterpretation of the hyperelliptis
carve Xy, parameterizing the cxact Seiberg-Witten solution to the LEEA of
N = I supersymumetric QD in the Coalomb branch, becomes dransparent
when usaing beane tochmalogy after M-theory resolation of UV singulariti=s
{Wikten {1397]), where B appears to be the part of the M-f-brane weeldvel-
e in eleven dimensions, The Mamine-Gole (KO terin {propoectional to the
M.5. brane worldvolume) of the effective M-G-brane sction in the low-emergy
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approximation gives rise to the scalar nen-linear sigrea made! [NLSA) having
the specinl geametry after the KK compactificxtion of the six-dimensaonal NG
nctkon om the Seiberg-Witlen curve _"'.', ibown Lo four spacctimn dimensioms.
This is enoggh to unnmbiguously restore the full N = 3 supersymametnic
Criberg-Witten LEEA, by the use of N = 9 supersymmetrization of the spe-
cinl bosmonic NLSM, when considering its complex scalars as the beading com-
ponents of abolisn N = 2 veetar multiplets in four spacetinee dimensons and
then deducang the Salseg-Witten holamorphic potential cut of the alroady
derived speaal Kahler NLSM polential {see Ketov {1998) for a review),
Being applicd to s derivation af the germntiplel LEEA of N = 2 saper-
QU in the Coulomb brasch, brane techsology suggests Lo dimenssonnlly
readuce the effective action of & D-G-brane (Lo be doscribed in M-theory by
a KK-monopole] down o four spacetime dimensions [Ketov (1995)). In a
static gauge for the DG brane, the indiced metric in the brane worldvelume
is given by
Iﬂl‘ = 'i'pl-l = ﬂﬂ#a#rﬂrf L] ':'\-":l

whsere pLe =012 4, 7,68 mnr =456 10, and {fns 85 the multicentre
ETN metric. After expanding the Kirpart of the Ih6-brane effective nction

S = Jr’ a7 = det(g,0) (6)

upe bo the secoml-onber in the spacetime derivatives, aied performing plain
dimensional reduction dewn o fear dimenstons, ome arives o8 the hyper-
Eahler MLSM

Sy = —%ftl"-rﬂ-.-.[tr]ﬂ!u"ﬂlu" . p=0113, i7)

whose & = ¥ supersymuneirzation yields the full by penmaliiplet LEEA, in
prciee agreement with the &N = T supersymmestric quantam field theory
calealations i hnemonic superspace (Ivasow ot sl [19077].

2  Svmmetry enhancement for 2 coinciding D-G-branes

As iz well knowmn, the isolated singularitss of the harmonic function (2}
nre just the coprdinate singularities of the slevemdimensional metec (1],
though they are tpaly singulns with pespect o the (dimensicanlly redaced)
der-dunensicnal metrie 1o be asociabed with the [-6-brames 1m the type-11A
pictiare, The physical signalicance of these ten-dimensional mngularitios can
therefore be understood dee b0 the illegilimate neglect of the KK modes
related do the compactification circle S in ken dimensions, since the KK
particles (aleo exlbed Do0-brames) become massles nenr the Def-heanne core
( Towmsend (190511 Thelr inclasian s soquivalent o accounting imtanton cor-
reciions in the four-dinsensionnl N=1 supersymmeiese guuge field theary,
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When some parallel and similarly oriented D-brapes coincide, the symme-
iry enhapcement happens (Holl ned Towssend {DHG)Witken (1906)), Sinee
ihe heane singularities become pon-isolated in the coincidence limit, they lims
have 1o be poseldved by comstdering the branes separated by some distance r
and then taking the limit r — 0. In the simplest ponetrivial case of two
[ikbranes, ane considers the hammeonic function

1 1 1
I Bl =i —} | r=2

=2+ {52 * ) S
cleserilxang the double Tanb-NUT meetric in (1) with non-vanishing constant
poatential at infinity, and both cemters on the line ¢ in S1h direction, o = 1.
Aler being substituted into eq, [1], &g (2] desgibe tes parallel and som-
Inely aesented KR-monapoles in M-theory, which dimensionally roduce 1o the
double D-6-brane configuration in ten dimensions, The bomology 2-sphere
conoecling the KK monopoles contracts to a poinl in this limit, which gives
rise B0 oa curvature singularty of the dinensionnlly redoeed meteic in den
dimensicns,

The BPS staies in M-thoory, whase gero modes appenr in the ellectave
L) =4 field iheory defined i the M-G-beane worklvalume, coreespond ta the
minimal area M-2-branes ending on the M-5-beane. The topology of an M-
2:-brane determines the type of the corresponrding &% = 2 supermultiplet in
D = 42 & eylinder lends bo nn N=2 vector multiplet, wherens & dise gives
rise Loa hypermultipbel (Mikhaibor {1957]1). The M-2-brases can wrap aboual
the 2-sphere conpecting the KK inonopoles, while the energy of the wrapped
A-Ebrane s proportional o the aren of the sphere (ITull and Tawnsend
(19651}, When the spliere sallapses, its asea vanishes e, heaee, am aidditional
masless vertor stale appears due o the rero mode of the wrappel M-2-
brane. (ne thus expects the gauge symmetry enhancement from L7 P £7(1)
1o 2] nssiciabed with the Ay-Lype singularity [Ooguri and Vafa [1506]}.
Fram the ten-dimsensioanl perspective, the wrapped M-2-branes nee just the
(G- mupemtings stretched between the D-G-branes, se that it is the pass) s
zero modes of Lthese -6 superstrings that become massless in the caincidence
ligmit,

In onler 1o make this svmmetry enhancensent manifest, let's starl with
the hypermuliiplet bow-emergy elfective action o be oltained by & = 2 su.
permymimictrization of the bosonie NLSAM (7) in four spacetinee dimensions,
whose hyper-Kahler {deable Thab-NUT) metese s determined by the har-
moaie lunction (&), In terme of this NLSM meteie, the symmetry enhanee-
ment amounts to the appearance of gauged scanclries in the NLSM Largel
space, while the laiter can be made manifest in the & = 2 harmonic super-
space, as we are now going to demonstrate. First, let’s note that the & =2
supersymumelric double Tawlk-NUT NLSM i known to be equivalent o the
one with the mired [=Eguchi:llanson-TauleNUT) metric [Gibbomss ai al
[1958], The mized NLSM is described by ihe fallowing & = 2 harmonse
siipemaphee selion avee the annlyiie subepaee:
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Swala V1= [ (gDl 4 Vi (el 4 €44)
an [
HMET ) (%)

which s written down in terms of a gaeged Q0] analytic hypermultiplet
suaprrfickl g3, A = 1,2, and the auxilinsy (2] vector gauge annlytic sips-
liehd [Lagrange multiplier) ;5 having no kinetic term, The paramefers X in
exgs. (8] and [9) can be identified, whereas the parameter £54 = figtu? in
. (9] is simply related g0 the constant £ appeaning in cq. (8] after choosing
the coopdinate franwe in which £17 = 26 and £7 = 7% = 0, The hypee-Kikler
MLSM metnie, which 1= didgesd it aof the EIHE TR action (9 afler elun-
inating all the auxiliary lields in components, vields tee doubde Taub=-NUT
metric, as can be verified by explicat caloulation [Gibbons at al, {1088)). This
is, in fact, ensured by the manifest [']1) 4 = £{Lpe symmetry of the super-
spacn wition (9), where the fise 871}y Meotor s the unbroken part of the
SC02) 4 automerphisms of the & = ¥ supemsymanetey algebaa molating twa
supercharges, whereas Lhe second U Lgg symumetry only acts on the psevdo-

read indices a = 1,2 in g% = {F ¥, q%) and implics nm abelinn sometry of the
MLSM etree, Any four-cumenmicnal hyper-Kahler melese ||a|ri:|5 the 01
isametry is known to be a mullicentre Taub-M1U7T metnc [see Gibbans at al,
{19820 and references therein).

The mixsd four-dimensioanl hype-Kihles naetrie of the N = 2 supee-
symmedric MLSM (0] iterpalates between the Egield- arson (EH} metric
(k= 10) and the Taub-NUT (£ = 0), both having thr maximal isometry group
EEY, The action of the ['{2) isometry is lirear in both lomiting cases, while
it is even halomorphic in the seeond cnse, In the haensoaic superspace np-
proach, this symmetry enhancement can be simply understaod either 2 the
eestaraiion of the 517(2) 4 automorphism symmetny in the Taube5 00T limil,
or as Lo restorntion of the SIN2)pg symmetry in the Eguchi-Hamson limit.

3 Symmeiry enhancement for NV ecoinciding D-6-branes

The [} = 11 m|l‘l-|;'|'!.]'ﬂ'¢'.||._||' appeoximation to M-theory s only valid foe well-
separated KK menopales. When the KK monopoles eoaneide, their low-energy
dynamics can be approximated by weakly coupled supemsinings propagat-
ing in the multi-Eguchi-Manson (ALE) background {Sen {108971). This back-
E"‘-""‘] naturally ariginates from the malli-Taob-M1UT space. Indesd, when
all the Dm6-lranes coineide, they ean be deserilad in M-theosy by sending
all the moduli ¥p in the bamssaic uection (F) e 2epe, w0 that the additive
constanl [nsymptolic pofential] | in eq. (2] can e igrored near the care
of & [ branes an top of sach other. The multi-Eguchi-Hanzan gpace thus
prosscsses Aoy simpde singolarity which implics the enbapoed non-abelinn
EAuge BYInelEy SN i the effective supersymmetric field theary defined
ain the comman wesllvelume of the coineiding D-6-heanes,
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The effective gauge feld theory is supposed ta be deflned o ithe limit
whete the geavity decouples, The [ = 11 supergravity has a 3form AL
which B decmposed in the full spacetime given by the product of the D-6-
Lrane worldvalame 8 amd the multi-Taub-NUT space e ns

»
A= 370 (
=l

wlese the 2-forins wlp it Qpre have been inlroduced o subsect. 1.1, wheress
Ap are ¥ masaless vectors [1-forms) in 8%, In addition, there aee 3N sealnr
lields associnted with the translaticnn] 2ere meades (o medali} ¥pe Al 4 hese
vectars and sealaurs are the bosonie eomponenis of N massless vecdor super-
aultiplets in 1+ 6 dimenssons, cach having B + By oneshell components.
The gange group of the effective field theory (in the case of separted KK
muonopoles] in the Coulemb branch is therefore given by {.-'{‘I]"". Sinee dhe
imtersection matris of Jeyeles s Qe 18 just gven by the Carlan matrix
al Awog, the abelisn gauge syemetey U111 i to be enhaneed Lo LN
[the pon-abelian Coalomb branch) in the coincidence limit (Sen (1907]). The
area of the 2-eycles vanishes in this limil, =0 that the M-2-brapes wrapped
arcupd these Zoeycles give rise to the ndditianl mnssless vestars as their 2era
mitdes. I the type-llA pictuee, the G-6 strings stretched between separated
D-i-biranes o pot comtribate 1o the dffective LEEA in the abelinn Coalomb
branch. However, sinee ke 2ero modes of S0 strings beromic massbess when
the heane separation vamishes, they do coptribate to the LEEA & the non-
abelinn Conlomb brnpch, Alver plain dimensional redustion from 8 w0 122
the elfective N = 1 super-Yang-Mills theary in |4 6 dimensions yields the
N = A super-Yang:Mills theory in 1 & 3 dimensiors, which has the anme
nisiaks of on-shell components, the same nismb=s of canserved superchanges

and the same gauge group.
The hypermultipbet LEEA in the comnciclence limil i described by the
N=2 NLEM in the loursdimensional spacetines, with the NLSK target space
being given by the ALE spave Qupp. A proper gereealization of oq. (9) resds

-‘:"mi:H="Jr {if-p-rqu+|lr1-1£11r} LS ) LS R
analptie

(1
in terms of the N=2 vector multiphet V4 vnlued in the Lie nlgebea of UM,
the hypermultiplet 4% valwed in the Lic algebea of J{N), and the Fayel-
Niopalucts terms £5% = £09Tutwl valaed in the Cartan algebra of SU7(N).
Mate that the Fl ternss explicitly pesalve the Ay o singulanty in this action,

I the (1 + G)-dimeenssonal X = | supersymmetric elfective field theory
were comipactified on the cirdle 5, this would yvield the gauge ekl theary
in (14 &) dimensions, whose T-dual is an {2,40) supersymmetsic gauge feld
thecsy with & tensor multiplets. Therefore, in the tpe-IB pictare, we do
mid gt Lhe cilianeod grigge symminetey bt & temsor miltiplels inatead.



Making manilest the spmmetry enhancemsent for comnciding BPYS branes ¥

Yet nnother gauge symmetry enhancement paitern s known when N
of the Def-branes comes on Lop of an oreendifeld gix-plaes, which l=ads to
the SCNZEN) gaoge symmetry (Oogum and Yafa [1826]). In Matheory, the
arientifold six-plane is to be represented by the Abigah-Titchen space | Ativali
afud Hitchan (1988)) inatesd of & KK seanapale (Sei (10970, Didesd, far fram
the origin the Ativab-Hitchin space has the wopology 157 = 570T,, e it looks
like e whose poinis are supposed 10 be identified umder the action of the
discrete symmetry Ty reversing signs of all four conrdinates of Gfyrp, which
matches with the defimitica of the egientafold six-plage (Sen (1997]}),

4 Large ™ limit

Tor repraciace the Seibeng- Witten-type solutian to N = ¥ aupee-QCD from M-
theory, merely a sinple and smeath M-5-brane in a Kk-monapale backpraund
ia meeded, The M-S-brans worblvolume should just be compectified om the
S enipve _"_','g down ta (1 4 1) dimensions i.e. o the werldvelume of o [3-1-
brane. Taking A M-5-brapes (whose worldvalisime 1s now locally given by the
preduoet £« 3y, with X3 being an elliptic curve) and allowing them o
cadneide in the backgroued of malti-KRK msoaopeds yiclis (nt a generie oint
in the maduls space] an & = 2 supersyinmneieie goage el theory with dhe
noa-abelian gauge grvap U] asthe LEEA ia the commaon {innepecapically
i1 + &)=dimenstonal ) brane worklvolume. ‘The KK monopoles are supposed Lo
mrge loo, which alss implies the non-abelian gauge group and extra massless
supermnaltiplets in the LEEA, Indesd, the configuention of N parallel M-5-
branes can sappart M-2-branes ending on dilfesent M-5-brass, When some or
all af these MoG-branes coipcide, the wera modes af the M-2-branes stretched
between them give nse to the additional massbes & = 2 multiplets in the
olfective field theory defimsd im the commaon worldvolunee, The type of o
supermultiplet depends npon the lopelogy of M-2-brane: & exlinder yickls an
N = 2 vector maultiplet, while a disc yvields o hypermuliiples. The M-2-branes
wrapped alicit 2 nmd cofineeting different Mefcbranes are strngz in ten
digmensicng, which become demvioaless in the M-S-brane cotncidenoes limit.
In the caincidenee limit for & KR msnapoales, pear the Ay o angularity,
all FI parameters § in the hypermultipled LEEA {11] vanish, so that thas
netion formally exhibits the genwine non:abelian gauges symmedry SN}
AL large N, the auxiliney N=2 vevtor gnuge multipdel V't ynlued i the
Lie algel:lmul'&'l-'[.l"-':l levomes progepalimg van the well-known mechanism of
the dynamical generation of neasslies vector bosans i nen-compset NLSM
{Polyakoy (VBT This N=2 vector multiplet and the hypermulbiphe g%,
hoth in the adjoint of the gauge group, constitute an 8 = 4 super-Yang-AMills
miltiplil, whose setion is b steaightforward & = 4 exotension of e, (11) !
Ciur result is closely relaged 1o the recent conjectare of Maldacens {1897).
[l discussed “simple’ M-S-brapes, haviong no Riemann sarface in ther workhd-
vidimes, in the particular limit (down the “throal”) given by the product
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AdSr = 5% whose both radii are proporticnal ta N L T large M, the Malda-
cenn LEEA is given by a (2, 0} supercosformally bnvatiant gauge lield theory
in six dimensions, which is supposed to be dusl e M-theary compactificd on
A5y w0 Sy [Maldacens 10075, Ohar pessles dmply that the Maldacena limit
ean alan be appraached lrom the hypermultiplel part of the LEEA near the
singularity, aller taking inle account the dynamical gereration of nn SO0 A
massless N=F wector maultiplet at large & . Qur approsch can be easily gen-
eralized to the odher simply-laced gauge growps,
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