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1. Introduction 

N

It 1s now widely known that superaymmetric ~ -modele in Bix­

dimeusional (d -6) spacetime (or, equivalently, N-2 onee in ~ -4 
or N-4 onea in d"'2 or 3) ere 1n one-ta-one correspondence with Rle­

mann1en byper-K8bler "target" manifolde. '!'bie WBe tint 8stehl1sbed 

by 8 determination of the restrictions imposed on tbe general d-2 
eupere~trlc ~-model by additional Bupereymmetries/1/.It can alao 
be deduced from tbe general d.6 Buperf1eld equation for hypermul tl­

plete/ 2 / . but in eitber CBBS the proof tbat the target manlfol~ must 

be byper-Kabler yields no ClUBB 86 to bow its metric may be conetruc­

ted. This etate of affaire may be contrasted witb tbe N-l &-4 (or 
Cl2. 4 ..2 or ) Bupereymmetric t) ......modele for "bicb tbe target manifold 

1s ~bler. Any Kabler potential furnisbee ue witb e Kabler manifold 
(at least ignoring globel problems) and tbe c orresponding ~-mcdel 

action bee 8 s~ple ~nifestly supereymmetric form ae the euperspec e 
integral of the Kehler potential!3!. Conversely, eny manifestly eu­
pereymmetric N_1 d -4 b -model immediately provides us witb a K8bler 

matric. By en obvious extension of this ressoning one would expect 
a manifestly eupers,YIDmetric N:II2 (d -4 or ~ -6) r- ~odel Bction to 

provide us witb s byper-Kih ler metric. But until recently it was not 

known b~ to write down e ~nife8tly eupersymmetric ~ for i n­
teracting hyperroultiplete. This problem WBS eolved by tbe invention 
of bBnIlonic auperspace /4/ • Por N-2, d c4 l!Iupersymmetry, benaonlc IJU­

perspac a extends "tbe usua l superspaCB by the inclusion of additiona l 
(bosonic) coordinetes, jU l!tt those of Sl."...SU(2)/U(1). There ie en i nY. ­

rient eubepece of t b1e en lerged superepace thet ie celled anelytic su­
perspsce. Supe rf l elde def ined over this subspece ere the anal ogue ot 
cbiral auparfields of 1- ' aupe reymmetry. Bnd ara celled analytic BU­
perfia l~a. 10 pertl c~lft r , hyperwultiplets ere described by one 01 t.o 
types of ansly1. 'lc BU,perth lde (whicb ere essentially due l tOI"llll8 ot 
the same mu l tip l et / 5/) . These ere W ,wbicb bea zero U(l) cbarge snd 

~~ whicb bas 0 ( 1) cbarge aDa. The general ac tion for interacting by­
permultlplete i6 _r ltten se 

( 1.1)

S {( JJ-~J J >-1''''"4)( t t H t H ) 
= -X' j a IW. oL o;,W,U i, 1l i ,1> •W J" . 
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Here U1:..: ere tbe ia os pinor he rmonic8 on SU(2 )/U ( I) . '()' t 1e t he nu­

percQYsriant hannon ic. derlvatJ VlI (i t 18 ot dlmen1'l1un . lt rv i'ln ll U(1 ) 

charge 2) , e nd dJ(-lot, d.4 18 t he analytic Buperepflce IlIlu..,ure U( 1) cbo r­

ge -4). The bype m u l tlplot Buperfie l do (.,J end f are ~ok.n to be 

dlmens ionloo8. Bnd the dimeosion or the couplinr: connL.n" X 1n ouch •£10 to mske the Rc t 10ll d1menolonlCliofJ too . Arbttt"llr,J ptMorn gf W. 4' fIInd 

in :t.lt1ttheir b++ dortvlttvoB l18y appear , provl,de,' thl lo1. rll U( 1) cha r ­

ge is +4 , and the dimens i on ta zero Cw1thout thD uoa of dlmenotonfu l 
.;('.' • 

p8T8~teT8: their appearanCe 1n .L would requtre the .~~ArftnCe of 
de riV1ltlv8a D. or ~ m • pnd the c OIiPonent oeUon woulfl Lhou con­
taln t ntencttonft with higher .;loI"'1vot1v • .,) . Por furt.har .1.1.,, 1 ),, of 
the f ormal1lJl11 and conventions .8 refer to 14,L, 'II. 

Each oct'1on of the fona ( 1.1) COl"'rftopondl'l t o ncmo IIYI)(Ir-Kl6hl.r 

man1.toldj on. hee on ly to expand the equ.etlOnll nC lIotlon In Ol'llnor 

c oordtne teo 9 , omit tba termion8, and oolve Lhe tlu.tll.rx rJold. 

e quatlon l!!l . Subot1tut1ng the aolutlonn lu\.o tha Qrl~dllul 'It) L.l.uII (Sn~1 

i ntegra t ing over e and U. ,.1eldo the (10u~ht C-OIllPOI'll1l1t rOMII or 
the ac t i on , l'rOlD wbich the hyper-Kihler _tric e.n be I"'(u,d tt rr . 'rhus 

t he hamonic 8uperspace approach nl!litunlly lotltl . to II nt. generol pro­

cedur e of obtsining and class1tylng the bypor-Kehler .otrloa . The 
nontrivial ste p 1" t he Dolving ot t he .uxil1nrl Held equnt10fln which 

a re dlfteren t i a l e quati ons on 5 U( 2 )/U(1). POT 0 numhu" of "!lIphl hy­
permult1 plet oct ions t his cl!Iin be oaBil:v tiona 6.nl) ll'l. COl'nl rjponrl Ina; 
h yper-Kab le r me trlcs extrec t ed. 

'nlt9 BilDpleet ca Be i s the aot ion tot' one tJ.• - ouJlet'Ct.ld J,rOttorv­
i ng tbe U( 1) Invar i ance q,t.... f~4.. ~t • ~ . ..... e.-;""~. Dnd .. tt lJO\.l t 

eny explicit depend ence on benftonica . 'l'he action hi: (),.o) 

(1.2 )5H J : - 2~' ~ dr~ [ l·lt·~+ + i (f)l(i')'l 
which describes fII 5' <4od e l with Euc l1de.n Taub-HU'P "pu t ••n it" ten-­
get ~n1fold /6/ , 

'l'be pr 1nc.1pa l purpose or thla IIrt1ele Ip lo CI ,;tvn t.1I", urt Or') tor 
t be 5-2 EJUperaymme t rlc IS -ooldel wlth tbe SguC:h1-luuuu:m I1t'1U i "'ll,j ,n 
i ta targe t opoce. It turns out tbat thle hmo 8 pertl~ul.rly ~1.plO 
torm 1n terms ot one (real) c.J -hyperarultiplot. 1'he tu:t . on '0.1 

S : -~ (dt~ [ (D"W)2 - ((HJ' 1 (1.) 
EH it~ J d W~ 

'rbe d1..mel'laionle88 quant i ty ~...... 1s given by 

~t' ~ ~.~ U1.U~ ( 1.4) 

in terme or the real laovector ooupling constant ~~J 4 ThUIJ , llnl1lto 

2 

tbe 1aub- AUT ac t ion , tbe Eguchi-Heneon action oontains er p11o't har­
monic e . !be po1nt t o be emphasized i8 tbat ( 1.) provide s t be first 
mBnif .at l;r l!Iuparaymmetr1c formulati on of t he 11-2 E-8 6 model in te:na.e 
ot unconetra1ned W-2 b,permultiplet Buperf1.1d. 

Tha tree action f or one W - bypermultl plet I s lD..r~ant under the 
toll a.1ng SU( 2) group (besldeu the 8utomorpbiem SU(2) wb1eh r ot8te ft 
ieoepin indices of bermon1ee ena component fielda); 

SW; -c'-W+e-D++W oW= W· (111.1) - W(~IU)' ( 1.5)
I ~ 

.here 

c.1-~ C'~ Ii~Uj t --· C'j U~ 
, 

1.4:
j ( 1 , 6) 

end C!" ere group pera_tera. In t he action ( 1.), the But omorptl1m1 
3U(2) 1.8 eJrpllei:t l y broken t o a n U( l) eubgroup ( du.e to the presence 
or ~T .) wbi l e 3U( 2 ) ( 1. 5 ) is s till respec t ed. So the cODIplet. inter­

nel .~try at ( 1.) i8 0( 2). 10 .ccord with tbe proper~y tb.t 8-H 
metric bea U(2) &8 ita leometry group. Moreover. tbe unique poten­

tial t or oW "that :preserves 30(2 ) n . 5) i. W -2 80 tbe l'orm. of t bo oc ­
tion (1 . 3) ~or en lnt.racting bype~ultlplet 1. go.emed by 8U(2 ) 
in~ar1ance . ) . !ho 3U (2) a~etry (1.5) baa 8 s1mple inter­

pr e t a tion in torm.o ot f ..... t5uper fi elds 8e t he Po.u11- GlJrsey group 

that m.1.xes q-+ aod ~I-. We shall Te t urn t o t his point later . 

Tbe E-Ji JIf...2 6" ~oQel .88 f irut c ODstructed 1n component tO nI! by 
Curtright end ~edm8n/9/ . al tbough i t wan recogn i zed Be euch later 
/1 01. Th e re i . a 180 ana l ogoue cons truotion i tl te ma ot ]'i-' Bupert ielda 
in whieb the Ki hl erl an nature o~ t he E-H metric i s menifeat 111/ •• ). 
The i deo of the e onetruet lon 18 to couple an n-2 W.xwa Ll Dupe~ultlp­
let t o the 0(2 ) eur r ent or t he f ree ac t j on of t wo bypermu l t lp l et a. 
and to add 8 Payet-Illopouloe t erm . In t he abse nce of e klnet 1c term 
tor the Maxwe ll 8upermult1pl at , ita components a re either auxiliary 
(and can be e liminated b,. t ha i r equations ot motion) or act e. lAI8 ­

ro nge multipl iers t.poa1ng c onstra i nts on the hypermul tiple t fielda. 
I n t be component verw10n of tbla construct i cn tbe triplet o~ .~111e­
ry f ie l de at the M8z~ell multipl et impoeea en i oovector cODetreint. 
wh i l e tbe Mazwt!111 gouge tnnTience uy be wted t o eliminat e e l'u.rtber 
acaler field. ThUD by ~Bolvl~ the conotrelntn and t1x1na tbe gaUge 

-., It 1s .OTtn not1ns, thn1. the action of ( 1.) 1a .rcmarkllbly D1m11n..r 
t o t he ::u:tlcn or oUI'-dimensional contonaal qlUS.ll\ UO mechAniC3 /0/. 

·· )tbl o construction applies 08 ••11 t o more gonerwl hyper-Kibler
D8nifoldo /12/. 
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O!1e srrjven at so SCUDT': to r I) n1n.g le ce l f-lllt crac ttn~ hypemu1t 1p­ 8" t~ 0 ') (~ ••1 q.~ , cfq.t - - ~()••) t~ 
l et . The :~ ial 1 eupera poc: e vers i on 1 13 aimilar. e xcept tba t o ne now neeele (2 . Z)sV...•~ bHA ().v) , only a sl n&1e (complex) cb ira l auperf teld const ra int. Let. Ub re peat 

h10 conatruc tion no'N fo r a compleJt "",2 analytic: W ouperrield .) obore ). =)i . 
rhe a cti on 113 2) U(I ),, "U(1) oubgroup of tb. rigid SUeZ) out omorpb1om group ,of 

++ " +5 = -4I. ' ~ df)d.u { \ 'll·~w\1. -t ~:· 'r}. ( 1.7) t;lupe r oy,DIDotry that le.vee ~ .. S".tu: U4 invBX'1.ant . 
X J) SU(2) ,.' r1g1d l'aul1-aursey group. 'th1. include e the obvious rl.j>;ld

where 
U{ n inv8rlanc~ ot ~ ' [)"".'\.+ but t,his U(O can be ex.tenc1ed to SU' ( :)

",H DH ' V" 	 ( 1. 0 ) 
~ 

;r::;w v.)+l W by replaclTl,G; t he oomple%. t." fie l d by an SI)(2) doublet «('«'" (4,,+1 '1 ) 
Dat10tying the poeudo -rea l 1ty condlt~on lSI 

III tlJe Ul l) covo r hHl t :Ja,d vetLVIt . V +<t is the !l ...2 "'I1GlyLi(' Ma nell 


prepotcn!i'11/ 4/ , an I'! fhe lu~t tent' in (1 ,1) is the l'n18t ... n!opouloft t~ = E·~q.~ .. q,'·=(~> ~') ' ( 2 . 3 ) 

t a m.. n th i LI '1'8rtli.O'l or the c Olletruc tioll flO cfwotro i ntn tlt"'e needed : 
 'fie sholl s how later that tho acti on (2 . 1 ) reproduces the c omponont. 
Vt'T me.v be e .i1IDLna\ed by 1tll oqU!Jtlon of aor;10n. One thl'lll l,h t." ln" tbe rsllJult ot l"e.t ./91 a.1'ter per:to:rm!ng tbe steps ot e tnt eg-rstion and 
ect:1011 t I . }) for B f:lln~l(l real W Auperr lo ld on choo,.ln,. t hd goup:e the auxiliary f1eld el111l1natlon out lined i n the lntl"oductton~ But. 

: W • But the 8rf: v~nttlge of the t oX'll\ ot the ac t lrm ( " . 'f) UI Lerm.e t irst we mus t show that th10 aotton LA equlvaleet t o the tV -oe~ion 
of a complex (.0 i tt that ona may ~tt0008 n rll rr"'l"fl;lIt ~nUf·"' . !'hilt w111 o~ ( 1. 7 ) (end haec. to (1.)). To this en~. «D oonsider the cbange 
be 1...IIJportant loter when we s t tock tbe prob1.em of reduciul t he u~t.1on ot variables /5/ 
to componeTlt tOJ"D ",bere the moat con1(cnient gaugo tUTnO nu t Lh II. ~~(~.~)- 1I~ W(1,uJ .. u-. S"'(}.U) ' 	 ( ~ .4)
Lhe .feoA-Zum1no gauo;:;c t or V·" l.nstead of w=V. 

Al t hol18h .e conoentrate here on the Bimple EH ,,,'tton it I .. not Veins completeness 01 tb. harmonic!! u.~ this change o~ v:aI'leblee can 
b e inve rted 

- d >Q ..- Ii' - ll ' 
di ffi cult t o generall t:$ the construction to t.be JPultl-t:-1I Dnd or.h.,. 

Interest ing hyper- K'ilb ler mot rice , althougb i n t.h1n cotltl U •• Bo l lun 	 w - L( 4 " • IooI;t 1. - U1 'l. r 
(2. 5 ) 

is ~ simj:l1er in :'ermB ot ~.,. !ieldo . ,tIe shull L":l;)caanntln Lho ('ono­ :!.~ - U: Ij,'. . . II !~' • I(~ f . lUaionfJ on theoe generaliza tions of our reauHe. 

He emph~u'he tbat {to i a uot t he lJ imple c omplex c onjugate or 1+ 


t.:t__1J;)rn at S EHt and it" "'$!!l!tri8f1 aR the bar operat t on inc l ude D ~ n additional SU (2) eonjueatlon/4/ .
2 . !!!! ... On l,r the cOIIIbined conJugBtio[J preoorvea ana l.ytic ity •. a tvel! tbin, tbe
1'be conat't'Uct i on outl i ned in the IntroductiQn, i ~ ~ ' .. r.1l11plhl8, 

auparfiolda Wend -r..... Bre re81 .. 
t o two hype rmult1pleta and add1ng a l"-1 t erm, cen be .'urrhll out both 


lIsil:1ng thlll cbange ot vartables f or boLh 'f.,~t. A.ntt ~~ 1n ( 2 . I)

1n tormo ot 1," and t.J 8uperfiel ds . In the tt -lsngusRG • .,..~ •• 

one arr i veo a t the oxpreaalon

5: -2!~' Sd~~ [~: DMt; +- l: DT'f~ t v· ..(~~ ~~ -~: 'I.: ~ \")1· (~.1) S= -.1., ~ dr~{ks:·)\I!.f;'~~~lt"~ )-V ·y",.s~·-.J,(I(')} (2." ) 
Thla action haD the 1nvsrianc 6a under the tolJo.1~ F,Tour • lflC 	 .. ' ., 
I ) 0 ( 2) ••ug. group 	 ·"b1eb Is jue"t ( 1. 7 ) 1n tbf!! ilret order toro. t:l.iJd,inattny V t -1 " 


And ~~tt "lind choosing t he gau,lffl ~~O .... reproduce the ort l on Slkd
• 
ot (I.) ). '!'he W -torm of tbo action is very simple , but the !~U ( ? ) 

.) Let Uft remark at ihie point tbG; t he act10n ST.v{ 1. ~) can ttJ oL­ InvfJrlance 1e nonmanlteat. The tOni ot the ;lU(? ) Lruneror"CI'1tllClt: uf to 
b ined by 8 suller Jl'>ecba nla. One eouplif!l fl Y.. .. to the current ••, ... " . c en be tound trom tbe r fol"'Dl ot tbe action: In hnDa , (.oJ nn I 1ot tbe t~e .ction f or on. bypermult iplet • • nJ 1ben eddY 8 ~ t$rm 

t he :JU(2 ) t ...o.t o ..... tlan. ere ( c '(it'I",)'I> )tn' (Vff) 1: for V++. 1'beD el1mi n.tl.on of V++ y1el dfl t he t1cti c"n ( 1. 2), 

""L· (c:QH - S:cft C C·-)W. - ~~~ .--~':' 	 U.7) 

.,4 
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tf ,.' ~l.:e. . c1""w-~ + (tD')C .. si.~t c+-)5+: l'''t.,<) 

+- _,t-" r."with ~ etc.,ae in (1 . 6 ). After elimination of J-1. end 'Jt from 
(2.0 ) the law9 (2.7) can ba rewritten eolely in terms of w'S • In 

addition, if one cbooaee tbe gauge W=W one haa to combine (2.7) 

with a compensating SO(2) gauge tranaformation in order t o maintain 

the gauge condition. The infinitesimal form of th1e combi.ned trane­

formation i8 just that of eq.(1.5). Remarkebly , it cloaes ~itbout 

using the ~ ~quation of motion. 

It ahould be empbasized tbat the main advantage of paseing to 

the ~ -form of action iA the poeeibility to explicitly aolve the non­

linear constra-int on t: which followa from (2.6) by varying ~ith 
respect to V..... In the t-J -language . tb1e conatraint becomes tbe 

algebraic equation expreea1ng V..... 1n terms of (v's. 

). F1nding the component ection 

The equetion of motion thet followe from SEIot is 

(D++)'W : (~ ..)'W-), (J.l) 

The eO end e 2 perta of this equetion ore the equation" tor t be 

euxiliary fields. In ord e r to reduc e the action to componen t form W8 

would have to Bolva tbese equations. In fe ct, the e#-equation 1a Dot 

difficult to solve .), but the 61. e quations are not 80 eaey . Fortu­

nately _e can bypass tbeae difficulties by considering th~ equiva­

lent ~+ -form of the action (2.1) and choosing a diffe rent ~uge. 
Io'or n l mpl1city "'" e hs ll _ ork 1n d 'H; . We refer t o rer/ 1J f or 

ol'!t o1 1e a:t our ~ =6 c onvent1ons and t o ref/ '4/ for It dlaCUOB l on ot 
d ,.G harmonic auperep6c e, but for tb~ c Ol1venlence of t b e reDder we 

8\.llmllBrlz'l'! here the esee ntials ot d . (, a p i Dor a lge bl"'fl and I!L &~ ~ d-~6Ii' ct.'ioner.v . Ttle Lore aU group 1 t". A. .() 18 SO( 5, 1 ) =: su· (., ). '!be ap1 .. 

nor oool'dinote. B'!o lJ, ~ { , 2" , ~) ere 511(2) doublot. In the 4 r<l PNI ­, ­
I'!! e n t nt l or'l o t SU (4). They 8" COClpl.,: bu-t D.t1et~ ell pF.leudo-reellty c a n ... 

d i tton ••e eon conetruct f rOID ~bem the eoordlnatfJlJ O"-t an 1n i •• 
" h!ch ere ren~ _ UIl respect to tho bar conjugflt1otJ. 

'J The 8-o1utlon 1s "\Jt 

1cJ( ••~)~oI \ (GV>f' -~ ~·-)'+ .Cl,[t"'~ ~. -.. ~(~-~"- r' -n1» ,
1 I' ~ 

"bere ., in "t- ~. 

o( ~ .I(~» I' : ~ ('J: (~ fl~li) 1 ~ • ~'.l(", ~~u:; fL. . 

6 

'Ne have 

e'"\lJ'9'o"eS': E.~~tr lB')" (o(",r.~: {,l,1,.) CJ.2) 

.hich defin.e (S+)" The multispinor-teneor c orrespondenc e ie 

1.f.l.~J - V .. V~ ~ (V",":O) ....., V[mn1 
(J, J)

I V(.. ~) ..... V~ ..~.) V (.p) - V~,""~J (m.n,r.:i,'l, ...• ,) J 

where ()- and r ] denote symmetrization and anti s ywnetrization, res­
pectively. The supercovariant harmonic derivative is 

.....+. ,...... .e"n'~ 0 ( J . 4)u ~ 0 - ~ IV' ....". 

Dimensional reduction from ~ ... 6 to d=4 i6 achieved by Bett:l r-r. 

e·~.(a~) '\Io(~(~~) (;')" '~) 
.{)', ,\,'1. 

D . 5) 

vlJ.d E -r V Y'~ ) (-E.,. V v) )
\ Vz,.~ n~V ~"~J: \ v\ -f ;,~V 

..
'He shall ch oose the .iafla-Zuminn r-suge i n which Y taken the 

t om 
Vt.: i e+·e·~v..p(') .((rY' P'-">J ((U~ (J , 6 ) 

( onit tinr all fermi ona). 


The f· - ouperf1elri hOfl the e x pene i On 


)'" ~'\)

~~ ::F;(""tA.) t ~9+"e"J!oA-df\alJl.,U.) +(8" Do l-"',IJ.) (J.71 

ags!n omitting al l termionn ~ nd CQ~lne explic i t P-C SU(2 ) r.ovariane& . 
'l"h A !9iCt 10f. ( ~ .l' )'leld l'J the tlq.u9 tionl!l or mQt ion 

D+t Q' +V"Q' ~ O-",,0. -~ 1 a (J.B) 
.Ha ' V" Q' 0 ,.·U - ~t.Q ­

anrt 


~~Cj,~4 + ~·+~O, (J. 9 ) 

We C 811 nO'll 
eqlletlono . 

-".. F+ 
(I' \k'f 

D'.!b(ttil u t e tho 9 ~.pe.no lon(l ( J. . 6 ) .nd ().7 ) into tbese 
elJd c ollect po-era of e . At the eO leva I we .a:"" t 

""F'#tO ~ F:.. ( •• ~)~ 4>~~('\(I';
U (J . 10 ) 

, ) J..' •FU(L,~ • 'l'1 ~(,<)1I. , 

tram ().9) Rnd tha n 

7 



",l~ o 4>~~ -\- ~ 'J .~ 0 0 .11l 

f r om ().9 )~ Tbe latter equation 18 precisel y tbe con8tro1n~ o~ TOr. 
/9/. At tbo Gl levGl "'0 find t.bat 

• ~ h. .l.i. "'''') ­
A\Al~ '.~~'f. -V.~ 'Yl 1.1:~:A~."' Q -~"~F:4 +\I..~ F: ~O(~ 

(J . 12 ) 

"3 Az-to -'<l~Fu -V"f!>F,.. ~oj A~:~- (7~,..4>;· +v,+cj>~~k 
trOll U . 8) and 

4'~. a..~ 4>,:. (J. 1)v.. [!o = -.:- .. ...
<1'."'ot...·~....... 

n n flubatitulln£, (3.12) in ( J.'3). Th!e 18 al l the Lntonnatlon.e need 

to obta1r; the o('..tion~ .uter pertorming tbe e -1ntegretion and uaing 

0. 10) un·) (').12' , the actio" reduces to 

s· MJ'dJl ~ (1""<pf~V"~ct~)('iI",,4>1i -V..,.4>2~) + 

+ (U·"~2it1.fV""4>;4Xa"f .p~~. +V~fl1'J)Ui I.lj + 


P ~, ( ..." ", t ~f ) - - • U· }~ • T1 T"+.s U;Uj V . f 
• () . 14) 

rarlormlng the l( -1ntegrat i on w. obtain ( in on obvl0Utt nctot1on1, 

s~ -4~ ~l, 1(~."4>i.),(~~,."'it). •(t~2) -! P\i (.p,",p:. T.i,,j)'J . 
().15 ) 

.e hev!!- riot yo t. u(JelJ the equ8It iolUl ( ). 1)} . T ').11 ) fln,1 "'8 don I l 

have to an thoy rollOllJ f rom ( 3 . 15 ) by vo!Iri a t.1on "ith renpflC~t t.o VJ.~ 
and P i..) , respecthely. 51"1)1e diAonaiona l reduction ot (J. 15) to 

d -4 yle ldu . io." t 
S ~ 2~.Sb {(D"f4),(D", <!>,.\ +5Pi}i', cP;'. tS'd) J ( ),1b) 

which 1a ;1uut tb_ bosonie Lograngian of r llt .19 /. Theil by the l cnulta 

of rot/10/". ere elflBured tUut our oct,i on S~" 1n,jllt"d IliflerH",l lhu 

H-2 BuperElymllliotric 6' ....o·h..L '191 th tha Bgucht -llilnl!Uli ~o'lih'_ InruJl 

lftutantoll 8J! l.tn hTget Nnitold. ao clat.ao,1 . 

4. :!onclue lotltl 

Lr.e of t ho hstl";;"lI. of Lbin "' ork 10 tb~t constructions ot hypotr­

KBhler ClBII .. YoI1n v1n tbll ':'UIltJtrul'tJOIJ ut c omp';)r.eot t'OMl:UJ of fI_. (J . 4) 
r ,,,stlpcr' "'!I ~ ' f' ,: b- -rvldelol (,STl 1,1 .rrl-j 0'1 " fIf · : 

,; 

1n harmonic 8upars pace. and U nt. the result ing harmonic uuper8paee 

action encapBulates conc1eely the propert Lea of the partt c.uler hyper­

Ke h ler manifold. Given th i s, it ie not difficult t o write dow n t h e 

hSl'1Donlc euperepece a c tione for tnult":'-~gucbi-Hanson metrlc n/ 15/. 

Theae can be obtained by (1) coupling'" hypermult1plete i n the n 
representation ot SUeD) (11) gauging the (n-l)-dlmenei onel ~ bel iA n 

group ~enera t ed by t he .Ca rte D Bu balgebre at SU(n) end (111) add i np, 
(n-1) ' -1 te l"'CS (ct .l'b/ ). In the ~+ lBnguage the h91'mon l c ~uper-
spac e action 10 I

( O'\-\' 1'''' -t t 1't• _..L (4<-:& \ q'O+Y' 2 V[.) [(~ \<I~ ) ~ ~lk)1 (4.1)SMfH 2~1. J d 1 JC .. 1 

whn Nl ( 1e a n n- pb;·t 01' !lIJ( n) and A(Id oI'€ the (ontl-Her~~ tt)an) 

f;Ot"l8l"'8tora o f tht! ( n-1) AhoHan Rubgroups ur SU( n) ( Cllr t '1n ' y uulJ ­

a lgeb1'8 ). nu t only tor n,, 2 caflc t h is preeor'J'e d t h e SU(2 ) K gr,)up . 

end only tor n-2 CBn the actio.) at:! expr e sa6t\ attrlply ( i. e • • ",UhJ)u t 
, .)e.xplie1t haZ1Don1ea t:d;tll! i' then I,ho:J"8 itl ~ in t ennr ot W -sul-oer­

f1elde . 
Ro"'ln~ n:;anlteetly in"':rhn~ ofr-abe l! H-2 aupe r l1ttld tora:ulE.tt.on 

ct bypermultlple te "'8 lilSy combine dUtere nt l ntel'llct.ioru!l o~ t heo to 

produce r.911f example s ot hy-"er-Kotl La r l:let t r i o8 . Ont! can . t.'! . g ., t.eku a eum. 
ot the intoreetion tel'lll8 ot $~~ and $ n ./ ",hle:h gi'lee tbe tollowL'lg 
Bcti on for an 0 (2) doublet (): b:rpentruB i pletA q ~ , A.. ·L..l-

S~ -~,~ dJ'liu ~ q: n> V"( '8i~i~t~") T ~ (q~)l(~t~n. (.\ .2) 

Por ~ .0 thio redueea to Si:~ • 110 that t or ~ to it pr eeUIlBbly yields 
e " pertu.rbed" E-H metric that. 18 eleo hyp4lr..Kohler:)But it 18 not 

8~pl& to reduee (~~2) to the component ~O~. 

SO tu' w. he',{o uiaclU10ed only t our-dll1.""ionul bJ11er-KKhler no ­

n1.tolde but. ot eout"ue. 0,,6 "an eaoll.y extond our raouJ.ts t.o the 4r... 

d1mena1onal Calabl menlColde'171 obta i nablo by g~nere11z1ng (2 . 1) 

ram 2 to n hypermulUplilllto. Tt'liIlI Bo ti on 10 

(4 _) $~ -j;. ~J~1" fi'.P·'f.. T \I·'( f~ M.~'l.'Q T f') ..) 

"here M 16 IIIIDy conetl!llnt 'Int1 - unnnJ,.t ea.f1 h oi " IOUltrlx /9/ ~ Trle furthor 

gonern112otton to =ultl-Colabl metrie s 1., BL~lght~orward . 

T) lt 18 intereet1ng that the 8a8ent1811y new met r l c ariaep only lr 
the addi t ional cr.' -coupling breaks SU(2 )PG- - SycE9try (it is the c.ofta 
tor (" . 2». A.dd 1ug on SU(2)pc invDriant ooabinlltton .... U'AA f:4.J' 
would produce no new i!lttuaUon ,,8 the NlBultlrur; t!ltCUOIl reduceD to 
SSH atter Ii redefinition ot ",. and y....... • 


..;,[)~O th.. t "be complete o.greotUot with ref .191 ar1f1el!!l It one 
gaug•• <be ..."H••t U(1) subgroup ot ~U (2) p. rather ,!>an ... V ( 1 ) 
group Te&li -zsd on 1ndico8 A. B~ Tbe re.ul ting 1;heor1f18 lIJ'e equi vuant 
only 1'or t'I ..2,. tn part1cular. proc8s41ng .1n th1.a wet::! ono 11&)' obtain 
mc tri c B wit:h V (", J group ot 1CJQme t.r1ee. 
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Anothe r L.ne of extensi on ot our re;"'u.lts to t o couple 't+ to 

nODl!llbella n V'". For inotaoce . one may gauge the un1ter.r group U(}1): 

$. -i-.t. \d;{'lI"l t :1>Hq: "W·'n_'l'. lM·\)...ct·~-r:f·J~ , (4.4) 

"bere 1..,. be10ng t o Dome r epreoontet loD at V{11:) a nd Mt are on1.1­

He rmt teen metric•• of g(n)-generat ors i o tble representatton. The dt ­

enaionallty ot t be htter eboul.d be gxeater t ban ", 'L beeau.e tbe U(,,) 
- gauge 1nver1ance und conetr-lnts 10110Rlne trom (4.4) i.ke .w81 from 
the ph:ruica ] bODon nector 4 h ot real degrees of .f"reedocn. ftle action 
l 4.4) W1tll A,=l ••• , D(D+tIl) presumably deDor1bea 't'll.e lj-2 I"-lZlOdel bavin,g 
4B 	 t be 'arge l spaaa th~ CO\~OQ\ bundle or 20m dimens10nal Grnee­
Dollll r..:l11..itold ( 1':1 ~ 1) (c r ./16/) . Of couree. QllP. ~ chooso BS woll 

other groups to be gauged . A common foature 1B tbo pre8 ~nco of Abe ­

l inn U( 1 )-!s ctors i n 1be gnugo group bocl;l.u::Jo only with tlleaa one can 

butld the Payet-Il1opouloD t.rmB. 
Ttle lU - fol'll 01 acttonB (4.), (4 ... ) 1a oao, to aobieve but. in 

general it Involvoa 8 compl1cated dependence on harmon1ca. As baR 
beoD ment i oned arter eq.(4.1). it does not came about only 1n ceoe 
of uDbroken SU(2 )p&-eym=etry.Ccns1der t e.g_,the aetton (4. ) . The 
SU(2)p'-lnvarlence i 8 pr.aerved with entlaymmotr1e (and henee ~al) 

~ A~' ~n .bich C8 S 8 one arriven a t the conciea expreoeion ot (4.) 

i n tenna of 6J '8: 

s = - L, SJr~ \(0".,) 1 + (OH",.,) (D""'A') ­
4~ l _ • } 

(4.5) _ 	 (D't·lIJ"" Me'.' ''''',.' -l.H) 
AI,,,Iz. 1. , ,~·l •(",)\- wA: IO!,., (.Ja.' 

In 	dor1vi ng ( 4.5) , we hev!' put f..i " a in the block tOJ1ll 

_ 	 0. ..10 O )M - (~0 .-y,~ 
( by means of en orthogone..l ro1at1on of lit·.. ). abeorbed _ t'on8tant 

lie - into r8l!1cal1ng or \.... and cho80n the gauge ~;.O • #fa obltll rve 

t het. t he b1~er d lmenp10n ~enera l1 ae.t1_one of thE! E-H scUon (1 . ) 

contain , along with the potent1 81 te1"lD"" (~,...)~ . elno 801M Dupertlel 

me t r ic i n tbe kinetic. teJ"'Qo ot t:J 1S . 

I rl e onc l ue1on , i n / 6/ and the pre Bent paper .e bave ahown that 

,,-2 G'" 40dels OBRocht Rd with the ."'flt of hyper-Kibler metric••ppea ­
ring in t he previou,ll i nvea t J,gat1c:m/l.9 - 12 ,1 bl admit B elmple de"c ­

1(0 

rip tion in harmonic euperepees·). The further eteps sbould be const­

ruction of new intaresting hyper-Kehler metrics e t arting from propar 

rand f.JJ -interactions ond clasBification of al l theee tnetrica 
according to t heir n~2 euperfield imagee/6/. The closely related 

problem 18 to underetand how tbe nontrivial global properties of 

hyper-Kahler manifolde are code d tn harmoni c euperfield Legrang iane . 

We 	 postpone the deta iled analya te or thee8 questt one to tbe t u t u re. 
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f anbnepliH A. C. Ii Aj) . E2 - 85-732 
MeT pHKH TH nil £rY l.lH-X 3HCo na 1-1 r apHOHHl.leCKOe cyn epnpoC TpaHCTB o 

d +4 ) 1 ++ J. ++2-l\ 
nOK33 3HO, "( TO narpnJU.eaa nnOTHOCTb r: "'4[(D w)-( cf )w 1 

,neficTDJtJl B ra p HOI-lH\lCCKOM c ynepnpo CTp a HCTo e AJl R OAHo r o CaMO-

AeHCTDytOIIlerO rlmcpMynb"-HruU!Ta onHCblBa e T N :z 2 c y nepcKMMe-

PH tUlYlO rHnePK:>nepoBY a - MOAeJlb , B KOTOpoi1 MeTpHKOn MHo r oo6­

pa3HR cKanRpHLlx floneft cn Y;«HT HHCT3HTOHH 3 H HeT'pHX4 ErY"H­

XaHcona . n OTe:HUH 311 w MO)!(e T 6blTb O,[lH0 3Ha l.lHO Bbl,AE'..nelf Tpe(5oB a ­

HlteM HIIBapllQIITHOCTIl OTHOCH TeJ1bHO r p YTIIlbJ ITaymt- rlopc H SU (2) . 
Nb] npe..anaraeM CII,t! n e CKon b KO A ei1cTo .m B r a p HOJlH'-ICCKOM c yrrep­

npocT panc'· IH~, Ko'r Opble .ua.IOT .upyr He THDbl rH nepK3nepoBbIX MeTpHK , 
B.KnlO14..:ln !'t YJTb T H-HHC,.a HTOHbI ErY\.fH-XaHCo H3 , MeTpHKI1 KanalSl1 

H T. n. 

Pa60T3 DLm Om reH.'l D na6opaTopHH TeOpe TH'leC KO H cPH 3HKH 
OIOU!. 

nperrpHRT OObenHHeHHOro HHCTHTYT8 HAepHWX HccneAOBaKHA. nY~Ra 1985 

Gal per in A. e t a l . E2-85-7 32 
Eguchi-Hanson Type }tetrics f rom Harmonic Sup c.r s pace 

The harmo ni c supe cs pace provides a framework f or cons t ­
ruc ting genera l hyper - Kif.hlcr m.etrics. The s i mpl e example o f 
the raub-NUT mani fold wa s given prev i ous ly. Here we show th ~t 

• • Q( +'l) 1 + + 2 + + 2 2
t he harmon~c superspace Lagra ng1an.l... ""- [( D w) - ( , ) w- ]

4 
{or a singl e i.n teracting hypetTllu l tiplet describes an N =:: 2 
supe r sYfmne tri c hyper -KtJ'hler a -model with t he d - 4 Eguchi ­
Han so n ins tanton as its target manifold. The po t entia l w- 2 

i s the unique one invariant v ith respect to 3 Pauli-Gursey ­
like StJ (2) group. He present ot he r ha rmonic s uperspace ac­
t i ons wh i ch we expec t t o yiel d some o ther interest i ng me t ­
ri cs , "i nc l uding the mult i-Eguch i -Hanson a nd Ca. lab i ones ~ e tc . 

The inves tigation ha s been per fo rmed at the Labo r a t ory 
of 1~eorc tic al Physics , J INR. 
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