
Об'ЬВАМНВННЬIМ 
ИН СНtТУТ 

RABPHЬIX 

MCCJIBAOBaHMM 

АУ(На 

Е2-85-897 

A.Galperin* , E.Ivanov, V.Ogievetsky 

SUPERSPACE ACTIONS 

AND DUALITY TRANSFORMATIONS 

... FOR N=2 TENSOR MULTIPLETS 

Submitted to "Ядерная физи ка " 

* lnstitute of Nuclear Physics,Tashkent,USSR 

1985 



1. Introduction 

Recently, воше attention Ьа8 Ъееn paid to 8Uperspace forмula
tion of 8&lt-1nterect1ng W•2 tan8or шultiplets. General actions have 
Ъееn given Ьу 88k1ng U88 of а certain "suЫntegration" in N•2 8Uper-
8p&ce 1n tourf1/ and 81х diшen810n8/2/ а8 well а8 of 1ntegrat1on 
отеr chirel N•2 8uperspece/JI. Botb approacbe8 employ extra bo8on1c 
veriaЫes whicb are clo8ely related to tbe 18osp1nor baraonics u!, 
ot tbe barmonic superspace/41. Тhе latter proved to Ьа ·partectly ada
quate to uncon8tre1ned tormulation ot N•2 matter bypermultiplets, 
Yang-11118 and 8Upergrav1ty tbeor1a8. 

Тhе pre8ant paper Ьа8 two main purposa8. Тhе first one is to 
8bow . tbat the general 8&lt-coupl1ngs ot N•2 teneor шult1plat8 are 
equivalent, Ьу duality tran8format1one, to а r&8tr1cted clas8 of by
permultiplet 8elt-coupl1ngs. То this end in 8&ct. 2 we davelop а tor
aalisи tor а man1fe8tly 8upersyшmetr1c de8cr1pt1on of N•2 tan8or шul
t1plat8 in tba barmonic 8uperspace 1nclud1ng tbe general selt-coup
lings. In 8ect. З we pertorm tor tbe iatter duality transtormations 
ra8ult1ng in ~ - (or ~·t ) bypermult1plat8 actione witb an oЫigato
ry 8yDIIIIetry W-+ ~+ con8t (or t•,...., q,~ + const·IA~ ). А pre11-
m1nary 8katch of sect. 2,3 was given in rar./51. 

It 1в known/6/ that tbera exists an improved N•2 tensor multi
plet whicb can Ье coupled to the W•2 contormal supergraтity and 
used 88 а compensator in constructing E1nste1n supargrav1t1es. Our 
second а18 is to describe this coupling in suparspace. It 1s tbe bar~ 
monic super8pace tbat prov1da8 us witb the unconatrained supartield 
prepotentials and tbe tull suparcontormal gauge grou/7 1. · In sect. 4 
•• con8truct the barmonic superspace action for tbe 1mproтed W•2 
ten8or multiplet and d18cuss its r1g1d 8Uparconforaal 1nтar1anca. 
Тhen Ьу an appropriate duality tran8format1on we deaonвtrate tba 
equivalenoe ot th18 action to t~at for а free t~ -Ьyperaultiplet. 
PUrtber, 18 8ect. 5 we begin witb tbe t~ -byperaultiplet action 1n 
the contormal supergravity Ьlicll:ground and tben Ьу 1nverse dnality 
tran8format1on get tbe correвponding W•2 improvad tensor multiplet 
act i on. 
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Sect. 6 conta1nв concluding reшarkв. Appendix А treatв details 
of the derivation of the superspece act1on for the iaproved В•2 
tenвor aultiplet. Descend1ng to the coaponent fields and coaputation 
of relevant baraon1c 1ntegralв 1~ given in Append1x в. 

We uве convent1ons of rer.l4/ and work 1n four diaenвions. All 
the conв1derat1nnв ar.e imшed1ately ganeral1zaЬle to вiх d1mens1ons. 

2. N•2 Тensor Мult1plat 1n Иаrшоn1с Superвpace. 
Genarвl Act1ons 

An N•2 tensor шultiplet cons1вts of an SU(2) tr1plet of phys1-
cвl scвlara L{lj)(x) , в douЫet of Weyl ferщ1ons +l<JL) , an ant1-
вyпunetr1c gauga tensor Е мn<•)(notopь/8/) w1tb tha f1eld strengtb 
V'"a iE"'"Ict '3., Е Jtt and в complex aux111ary ~calar M(1r.). Its su
perf1eld strengtb 1s represented 1n ord1nary N•2 superвpace 2 • 
-{х•,е•\ ,О<й \ Ъ:r а raal tr1plat вuperf1eld iLA 1('J) 19/ constra1ned 
Ьу 

"D~ ~1(> .. 15~ L~l<> ~о. . . .... 
Мult1pl;r1ng tЫа equ8t1on Ьу SU(2 )/U( 1) h8raon1cs U • 1.\ J ~~< 1t 

obtainв 

1)~ Lн(~. u ) = n: L ++ (~ , 11) = О, 
wbera 

(2.1) 

/4/ one 

(2.2) 

+ ~ -t t -D i. н ) Lt;( ) + + D. = и•~ 'Dc~. ) 1):.. = u i. ~ :. L (?t,ц • ~ ц t и~ . <2.з> 

Тhе auperfiald L++(?t,u) оЬеув tbe f ollow1ng obvious re lat1ons Ъа
в1dев eq.(2.2) 

... { "1 . ~ ) .... 2 t++ ) D• [ с~ ,ц) • \u•~u+t- u·'ti"u·i L (~,и) s (~ ,с.с , (2.4) 

'D .... L ...... с~,ц ) • u•t!-u.-i. L ++<?J ,ц ) = о. (2.5 ) 

Наrа D0 
, D++ are (super)_ covar1ant bal"'lon1c der1vat1тea/4/ 1n 

(~ 1 U) coord1nate fN88. 'l'la•e cond1t1on8 ( 2. 2) , (2.4)and (2.5) ara 
equ1valent to tbe constra1nt (2.1 ). 

Ву reasoninga ot rer./4/ one can 18aed1ately recogn1ze thet 
1) tbe (~1tt ) fra88 18 а central Ъas1s ot t be В•2 ba:naon1c 8u

persp8ce; 
11) tbe con8tra1nt (2.2) 1а an anal;rt1c1ty condition wbicb 1s 

solved ь,- paaa1ng to tbe ana1yt1c Ъаs18 \ ~:' s:X 111-1ie.:6'"'i~-utu~ , 
в} = Qj и~ 'w. -t. f.i ut. ) utt } . Иеrе it 888D8 siaply tb8t L++ 18 

2 

independent ot в: ( "> 

ь1 l-" L+~o ~ L++· L++(},U) (),u) •()l.;,в:(~,,IAt,). (2.6) 

L .... 111) eq.(2. 4) 1apl 1es t bat bas U(1 )-cbarge +2 (1n ganerel, 
'f)

0 counts U(1 )-cbarga ot hal"'IOD1C superf1elds ь•-sf\'•\ f\) ' 41 ). 
1111) L+-+- 1s real witb respect to tb8 anal,-t1c1t,- preserv1ng 

conjugat1on/ 4/ 7J+: L ++ • . 
So, tbe f1eld strengtb ot an В•2 tensor ault1plet 1е deecr1bed 

1n tbe b81"110n1c li•2 euperepace 88 а re8l an8lyt1c U(1)-cb8rga +2 su
perf1e; d L++()

1
1A} constrained Ъ7 (2.5) tbat reads 1n tbe {',и) 

fre• ) 

t>++ L+-+(},ц) ·~ (u•~-t -2 t e•r~~~~·?:) L •• (} 1 1А) = О (2.5 8 ) 

w1tb t be coaponent solut1on 

L· ~}.и> = L~~> и~uj +2(е~]-ё~~4~)и1 -+!е"')tм..(ё•)'й +i'e·,·в·[v".+ 

+1,.,L~-utu~1 t ~I_(в•)"Ef• t1~if4 L +(е"')'~: L16~~)( -~1"o!'itt-~U~. <2 • 7 > 

V"' - '" wbere '),.. .. Q , <t.'>" qi~t , -p.')..,fi' ' 
L++ 

ТЬе t rae Ъ111near act 1on tor 1s 

Q. ') ... ~~ 

s~ - t )d{~u [ L·<~.">l ~ 'D'"•t•+" о, (2.8) 

wbare ci,_,,~IA. • .(. ~)(. · d18+ · d1.0+ -dt.L 1s 8n inтariant -a8ure in 
tbe ana lyt1c supera pace. In taras of o .. ponant f 18ld8 we Ьате 

s~-- ~ Sd\ ( 1 ~"'[ 'i .,,.J~ -V"'V,., - t~ -i.,~~-~ ~мй). ( 2.8•) 

L... т·· L... [ ··1 -~ Bote tb8t aftar rescali ng ~ • 2 ( L • 'm 

(at]~ mi. • [ t:••J= m• ) • • get 

s ~ .. ~ ~· ~~rd .. ( [++ )
1 

(t.•"> 

80 tba L8grang18n d8ns1ty ( "i++ )& Ь.соае8 8 d1!!pt1gpl!88 tunot1on 
ot tbe diaans1onle8! 8rgiJ88nt r (1n Wh8t tol lOW8 •• auppre88 

tilde отаr L++ ). 
•• W8 8re prepered to wri t8 down tb8 аовt pn8ral eupare:r-tli!' 

r1c 8Ct1ons for tЬе I•2 tanaor ·ault1pl8t. В7 diaana1ena11t7 and ana-••) . lyt1c1ty arguaent8 ·thaJ 8re 

i) Иоtе 8 transparant 8DalOQ w1tb Ns.O оа8е ( "),.. V"'a О ). 
••> !Ьis seneral fora wa8 ant1c1pat8d 1n rer.111. 
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st'"t.JI~ ia ~d~(~Ju. i~"( L·~ tL~ ) ' 'Ъ+i"LH- о. 
(2.9) 

~~ ~ 
Here ~ iв an arbitrery dill.enвionless funct ion of L and 

harшonics и1 provided tbe total U(1 )-cbarge iв +4. Notice, tbat no 
dimensionfull parametera could 8ppe8r in :f!:.t'lt>. If so, t bey would en
tilil ~'"" or 'D а1 derivatives 8nd tbe component action would t ben 
contain interactionв witb bighe r derivatives. Explicit barmon1cs in 
(2.9) bra8k tbe SU(2) autoшorphiвm group of tbe N•2 вuperayш.etry 
still leaving the latter exact. 

3. N•2 Tenser Мultiplet Verauв Цyperшult1plet: N•2 Dual1ty 
Тransforшation 

Var1at1on of tbe constra1ned action (2.9) iв not atraightfor
ward. ТЬеrе are two роав1Ы11t1еs to perforш it. ТЪе firat way - it 
wвs eшployed in rer.71•2 •3/- ia :о вolve tbe conвtraint (2.5) 

(•,.. (D•){D•)t[ 1t"n~ <\>ti!) + t>l15•~ф<1!>l ttiUj (3.1) 

to restora tbe full вuperapace Dl88sure d)~Ju ('D+)~+)\ •. di~ Ja and 

tben to vary with respect to an unconstrained prepotential~[~).Kore 
inвtructive ia aecond way tbat uaea Ьеет11у propertiea of tbe barao
n1c auperapace. It 1а to introduce tbe eon8tra1nt (2.5) 1nto tbe 
act1on witb tbe belp of 8 Lagrenge 8Ult1pl1er ~(},u) 

S .. • it ~J;-~o)A~ [ 1~~1(L++,ut) ~ ~ .ь•• Lн] . <3.2> 
l. .~ 

ТЬе raal analyt1c auperf1eld tJ (1, Ч) 18 an unconвtra1ned function 
of 1ta arsu-enta. ТЬе GJ -var1at1on y1ald8 tbe or1g1na~ act1on (2.9). 
Vary1ng 1n8taad witb reapect to tbe unconatra1nad anв.iтt1o aupar-
f1eld L ++ ona geta d iн,) ++ 

- .. 1) ~. 
"'ЭLн (J.J) 

L~+ ТЬ1а 18 an algabra1c equation tbat c~n alway8 Ье вolvad for 

.• L ++- L •• С t) .. GJ , и1 ) <3.4> 

prov1ded ~+~ 1а nondagenerata. Subat1tuting (J.4) Ьасk 
(3.2) •• arr1ve at tbe {..) -ect1on 

5., • ;. ~J)·~. { f'k'(tt ,u') • •Ч - n'+t.> • L"(r ... и• )J 

4 

1nto eq. 

(3.5) 

• 

~ 

" 
м 

(we bava also 1ntegrated Ьу p8rt8 tbe aecDnd term 1n (3.2)). ~or 
L++ L•• ~++ exaaple, вterting ~1tb tbe !rea -вct1on (2.8) we obt81n s У си 

and 

S -5'*-- i r ~.s~ .и. ( r/\J) -z.. 
ш z~t ~ ·~ (3.6) 

So, we 888 tbet the Lugrenge 111Ultiplier '-> ('~,ц) Ъecolll8s aill.ply 8 
metter (А) -hy-permultiplet. Itв free 8ction is given Ьу eq.(3.6) 
(cr/41). 

LH 
Comparing tbe general - action (2.9) вnd ita du8l tranaform 

(3.5) ona obвerves tb8t tba aoat S!neral aelf-interactiona of tbe 
N-2 tenвor 8Ult1plet lii'e eguivalent to а raatrictad claas of (1.) -

byperшultiplet вelf-intaract1Dna•>. 
~· Indeed, action (3.4 ) conta1na W only ав 1) ~ baving tbus 

evident 1nvar1ance under ( К ia an l!irЫtrary real conatant) 

UJ~t.JtK <3.7'> 

tbat in t urn ill.p11es •x·iвtenc& of iit leaat one K1111ng тector for 
tbe ь -aodel 88nifoldв cor:Napondj.ng to tbe L++ salf-couplinge/121. 

L·++ ТЬ1s is ot c~-.u.ret~ dutt t:o ~h " preeence in of tbe notopb•s const-
reined f icld 3tмngtb V"" • 'l'Ьо latter 1а dual to а grad1ent of aca
lar ~WI\f{Y.) invar~11нi; tmёl!lr 'f(Y-)+1ft•)t\C • 

At tbe f!aae t1Jatt au.pere1JD!etr1c tAJ -actionв generally depand on 
GJ { cбn*81n1ng tbe ~ca~r ~(d аа 1te lowest coaponent) itaelf and 
do not g~nen~lly bav~ tb~ uy~try (3.7) or any extra syaшetr1ea at 
all. 

J. careful rea~er can trac:& а nmerkaЫe sna).ogy witb N..O and 
N•1 савав. 'l'Ье anal.yt i a esuper1'1ald CU{~. ц) 1а 111ia1lar to 11•0 aca
lar Cof{X) and to 11•1 ~:Shir.al ф (}(~,О) (вuper) f1eldв wЫla tbe N•2 
tenaor IIIUltii• l&t fiald streugtb L++ ( ь-++ /..++ - о ) iв ailllilar to 
tbe Jl•O tenaur •ultip1t~t t:!.ald strengtb yrt~ ( ?~t~ V"'.-O ) ttnd to 
tbe 11•1 one L ( D"'D-.L "" 'Ьc\l>"'- L s. O ). 'l'Ье forмr ara unconstrained 
(aupar) fiela• dof1ned on correepondittg (suptt r.-) ;rpaces wЫle tbe lat
ter ara cona tn1ned objecta. ТЪа general aelf-i~:~.teractions 6f tbe 
latter ara ·~~iтalent v18 dual1ty tran.fo~tiona to rastricted onas 
of tbe forшer ••) . 

•• concl~de tьia section w1tb two c~ents. 

•J In а forthcoaing papar wa ~xtend ~bie ot~teквnt tor other off
-ebell Jl•2 .. tter au1Hplet s with а f1nite ':IUJI\ber. of aux111ary f1elda 
/10,11/. In tact, tbe 1:::- &elf-coupling кrе equ.i ·ralar.t to tbe L++ оьеs. 

••) Cont~ry to nDtea of ret./13/• 
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1) Тhе act1on (3.2) can Ье conaidered аа а firet order fo:naa
lisш actinn for tbe ~ -hyperвult1plet. Аа sbown 1n rer./5, 14/ one 
can change f1eld variaЫes 

+ + - LHn. ,, ~ i. (},") • _ U ~(А) ()."1) Ht ~ ,1 ,u1 ) (q,\)ё q,•~r'3\i (3.8) 

w"' с.г~D+: L н. u+Lo+. <3.9> 
-."" • 1,,. 

tbua peaaing to ~ -hypel"'DU1t1plet descr1pt1on. Atter aubst1tut1ng 
(3.9) into tbe act1on (3.2) we get 

S\.: ;t )J)-'ck i J.•(v.•ttti.')ut) - ! (u+~fJ- ~ ~+i. \)++ o;t 1· (3.10) 

[++ + 
Il'or ежашрlе, tbe free -action 1s equivalent to а free ~ -action sr .. -~t \~}-lo'J\A li,~Dн\\ ' (3.11) 

'l'Ье ayиaetry (3. 7) ia repla_ced Ьу 

1.+~ ~ q+i +К ·IA\ · (3.12) 

In wbat follows we aball extensively uве thiв ~ -hypel"'DUltiplet. 
11) Includ1ng aeverel tenвor шult1plets dоев not cbange tbe 

above cons1derat1onв. 

4. 'l'Ье Illlproтed !enвor Мult1plet 

In thia aect1on we aball d1acuaa conto:r:wal propertiea of -; , 11 

11•2 tenaor шult1plet. Atter conatruct1ng а conto:r:wally 1nvar1arн 

act1on for 1t 1n tbe bar8on1c auperapace we вball рrоте equ1тalence 
ot thia theory to that of а free 't-+ -hyperвult1plet Ъу pertol'lling 
а proper dual1ty tranвfo:r:wat1on. 

4.1. То atart with, tbe def1n1цg oonatraint (2.5) 

D++ L++l~,u) =О (4.1) 

1а 1nтar1ant under r1g1d tranвfo1'118t1ona of tbe 11•2 вuperconto1'1181 
group SU(2,2/2). А deta1led d1acuвв1on of thia group 1n tbe baraon1c 
auperepaoe ••• g1ven elвewbere/71. So, we cont1ne oureelvea here to 
а few relevant fol"'DUlae. + 

Il'iret, tbe f1eld atrengtb L • Ьаа t o tranвfora 1nt1n1teвilllally .. •) 

r-L++ ••' L.... L .... о .. L ()'.~') - (),U) : ~ .л . l),ц) • (4. 2) 

'Jot couree thia agreea with coшponent field tranafo:r:wationa of ret./6 

6 

., 

wbere Л 
cbange/7/ 

1в related to tbe Вerez1n1an of t be analytic coor dinat es 

Вел~>!:' !-ZЛ 
~c~,u) 

~ (J~-ч~) • -2Л· ~~-•1щ ~ 

·Н 

Second, tbe barmonic der1vat1ve !> 
~ Dнс - л••.r::/ . 

wbere 

transforms 

Ан=- '[)н Л <•>. D+tЛ~lt)Jo")'l.Л =о · (Ъ) 

(4.3) 

(4. 4) 

(4.5) 

Now 1t 1в еаву to cbeck the c ontormal 1nvar1ance of (4. 1) 

i ( 'DH с·+) • -л н. Do LH +'{)н ('г.ЛLН) - '2. л . \)+-~I'r+-::. о . 
Hare we uвed above equations and eq.(2.4). In fact, the conformal 
we1ght of L++ 1n (4.2) 1в fixed juвt by· requ1r1ng (4.1) to Ье вu
percontormally 1nvar1ant. 

Note that tbe free b111near act 1on (2 •. 8) 1в not contormally 
1nvar1ant •>. Hav1ng 1n ш1nd future appl1cat1ons 1n N•2 supergrav1ty 
we proceed now to constructing tbe 1шproved tenaor шult1plet act1on 
w1th dea1red conforшal 1nvar1ance. 

4.2. То give en 1dee of tbe construct1on 1t 1s 1nstruct1ve to 
recall the N•1 1шproved tensor -шult1plet act1on 115/ 

S~-~:.!. CJ"~tJl!e L·e..L <~) · 1)'2.L:Ъ'l.L-o · ('ь). 
tl•i 22 ) 

1 
(4.6) 

ТЬе ect1on (е) and accoшpanying constraint (Ь) are 1nvar1ant under 
the N•1 r1g1d superconfo1'1181 group SU(2,2/1) 

~-the ваше tillle eq.(2.8) 1в 1nvar1ant under the SU(2}0 8ubgroup 
ot SU(2 ,2/2 ) bav1ng tbe para88ters 

Л= t(tA\\~t "'А • \ ъ++(t\"~u-i.u.1) "t~, e.rМt . 
Ind•ed ( (:.~) 1' ++ ..++ t-+ 0 
ьs~ J. (.h.~ (-2A+ltt\){j.++)t.- ia ~d} ~ А ~ICL"d [ . u [. : . 

t•-&jl 
!Ь1в 1nvar1ance 1в not aco1dental. In fact, for tbe N•2 tenaor шult1-
plet this ЗU(2)с c o1nc1deв with SU(2)A of auperayшшetry au~oaorphisaa 
{rotat1ng 1nd1cea .t ...... ) wben аррЦе~ to the вupert1eld L,\l(a} {2.1} 

or to coш~onent f1elds. Тhеве SU(2)'s ara real1zed differently on her
шon1cs /7/ end correspond1ngly have d1fferent eppearence when app11-
ed to herшon1c superfields . 
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r>"L ==- (~+~ )·L • t>.J ~ 'Ъ.А: О, 
~ (J\cJite) s -(-л~) dltx c:t4te. 

(4. 7) 

(4.8) 

Тhе 1nvariant (4.6а) could Ье derived а8 foll~в. Not1ce that &8 
1n tbe N•2 севе ne1tber the na1ve b111near action nor any ser1eв in 
p~ere of L are 1nvar1ant. So, we are coapelled to вingle а con8-
tant part С ~ О out of L { ( L 1 • ж 0 ) 

L ( ~.в.в) = с. + t tY-,e;1) <4.9> 

and to try t o expand tbe Lagrange deneity in p~ers of tbe deviation 
UJ(,8,~) • 'l'he superf1eld tL~.&,"1) оЬеуе the ваае constreint (4.6Ь) 

(because tbe constant pert dоев) and trenвfol"'IIS· inboaogeneouвly 

under SU(2,2/1) 

~t. с. (~;'Х) -r <л~1) - t · (4.10> 

N~ in tbe action euppceed 

S~'~= ! ( d\t~-G Z 0."' t ~ 
~'1.) '1\:&1 

(4.11) 

tbe Ыlinear tal"'ll iв 1nvar:l.ant under additive part of (4.10) while 
sultiplicat1ve part of (4.10) requiree addit1ve variaticn of the tr1-
linear tera and во on. So we set 

а ,._ "_i _a. * а. .. 2.(-с:.)1-"а. 
"Н С(М +i) W\ Wl ~ l r1 -i) . t. 

(4.12) 

* S\"'f'\: 2 t1 1 c-t ( J"'J(A4fв.'2 (-t)" .(l)". 
Nzi ~~ ) t\•1 \'\tl1-i) t 

(4.13) • tj.c ~~'.d .. { (t+tl·€. (ttt) - [ (c+t)l...~ t t 1"\· 
Тhе t9ra& in вquare brecketв do not contribute due to eq.(4.6b). Note 
tьat vrttь й2. .... (2t)-t aotton <4.13> depends only on L <not с > and 

coincideв with eq.(4.6a). 

4.3. 1·~ we return to the N•2 свае. Тhе fil'llt etep iв to s1ngle 
out of L++ 801118 conatant-liice part (of U(1)-charge +2) that оЬе;у11 

the constraint (4.1) 

L +t c,,u) .. с.·Н + e_+(~,u)' (4.14) 

с++. c•~иtuj , (ё11) • Ei~t ~J~> c~ts с~.~ ct~c.:A~o. (4.15) 

и 

"' 

Тhе 

Н• 

real ana l ytic superfi eld ( iв conвtrained 
ън e++('),IA) .... о (4.16) 

and transforae aв ' foll~в 

~ t++!: t++(}',ц')- f~.и) • 2 (лс++-л++е~-) + 2 Л·t++. с 4• 17 > 
Here we uвed eq.(4.2) and ~±L вupercontoraal. transformation law/7/ 

i'ц+. •Л++ц-. ~ ьс++,.. 2Л++с+- с•-.. ~~~)W· !!": 'i 
~ " . ) \ • . (4.18) 

~U-t :: 0 · 

The p~er expanaion of tbe d~вired action 

s t~ !t r а1~~и 2 ьJе+1~(с--у'-1. 
'Ж J 1'1•1 

(4.19) 

containв а conвtant-11ke quantity of U(1)-cbarge -2 

с-- с ~J ll": и: 
- .... , 4 ' 

~с.--:: о (4.20) 

во that each term of the Lagrange denвity in (4.19) Ьав U(1)-charge 
(+4). Ав 1n the N•1 case tbe Ьilinear term iв i nvariant under addi
tive part of (4.17) (tak1ng into account eq.(4.16)) while ault1pl1-
cat1ve part of (4.17) requireв additive variation of tbe tr111near 
term, atc. Тhua the 1nveriance of tbe act1on (4.19) 1ap11es а re
currant ralation for bWI • Introducing а convenient quant1ty 51},u) 
rн_ 2.е++ 
1 - !+({~rc-1c:")il2 ) 

е~ ~~(1.~~·~-А.е~ (4.21 ) 

we finally get the sought action in а rether в~рlе fora (for details 
ot derivation вее Appendix А). 

SL*~ J_ с dt~ (1++У• 
2сж'") ~ 

(а.), 1)н [f\(:f+:)~-/itet\=0.(4.22) 

•~ we can check the superoontoraal invariance of the act1on (4.22) 
вtra1gЬtfor.ardly witbout using expansion 1n p~ers of {~. !о tbis 
end we uве eqe.(4.3), (4.5), identitieв (А.1, А.2) and the superoon-

.LH fol'll81 tranвforaation law for ~ 

Ъ1++• (i•;~-J,.c~-t.· [2 (ле++-А++с•-) +'2.А ~·~(!-"i~-~t) }. (4.23> 

Ав in the W•1 свае tbe Lagrange deneity acquires а total (bar.onic) 
derivat1ve 

1) 



~ Si"'t't= с~' \ Jf"'kc D++[ -f+~(лс+--л++с--J] -== О. (4.24) 

The component !ield action co~reвponding to the euper!ield one 
(4.22) а~еев completely with the improved N•2 tensor multiplet ac
~ion derived вeveral · ye8re 8go in rer./6/. The procedure о! deecend
ing to component fielde involvee integration over harmonice tX\ and 
ie deecribed in Appendix в. 

One can aleo reduce our reeult to that of rer /1 6,31. То achieve 
thie one hae i) to uee eq. (3.1) 11) to рае в to \ he centra J. baeie о! 
the harmonic superвpace and, !1n8lly, 111) to integrate over harmo
nice uвing integrale of Appendix в. То make а compar•iвon with reвultв 
of rer.'1•2' one h88 to chooee 8 different parametrization of the 
ephere S 1c: SU(2)/11(1); we ehall not concern thiв m8tter here. 

4~4. Тhere 
18 written down 

in termв of the 

iв an 1ntereвting pecul1ar1ty 1n action (4.22). It 
1n termв of intermediary quantity ;t++ • Rewr1t1ng 

L++ . N•2 tenвor mult1plet f1eld нtrength 1tself 

S~"'r-• .i.. ( J(-\IJ.u JzL++-z~++)a. { 
2.cz2. J } [!+(i. ;- (L+~c.++)t-x:i) 71)

1 1:>+-+L++-o <4.25> 

we find out that unl1ke the N•1 севе (вее (4.68) or (4.1;)) the Leg
range density 1n (4.25) depends explicitly on the conвtant &~) . 
А careful reader may wonder wbat ma8 ne thie "1вotr1p let coupling 
constant". The anвwer 1в ав !ollowв. 

1) Surpr1e1ngly enough tht act1on (4.25) unltкe 1ta Legrange 
denstt:r iв 1ndependent о! 8ny particular cb oica ot С ~~ , с4ао • То 
вее tbia, we uaa всеlе and SU(.'2..)c eyDJ~etrieв of aq.(4.2 5) which 
are aubgroupв of вuperconformal ~roup • 

.. king а fin1te всаlе tranвformat1on correaponding to 1nfin1te
вimal one (4.2), (4.3) w1th parameter л. conвt, л++ .. о we get 

\•r .L J ~ъ, е 1е - Гt. . <4.26> 
\ 

-tл [ ~~L++ ze.++1t 
S с 2~' } H.+[H(e'1"L++-t+4-)c-~~ 12) 

So , all tьeЛ-dapendence can Ье abвorbed i nto t he conetant, с•~ _.. 
~ e-z.t.c~~ 

Stмtt(L++,c~~) ...: $'--ft(L++ , e-tAct~J (4.27) 

вnd the вct lon iв the ваше f or С~~ thв t d1ffer 1n norm ~ • I n 
wbat followв we put 

с s ~. (4.28) 
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Now it reme1nв to prove thet 

S~""f'1. ( Lн) с~~) == S ~ .... ~ ( L ++, К\ С~1 .с), (4.29) 

whera А ~А 
goes 8long 
on p8ge 7 

1е а unimodular matr1x w1th conet8nt entrieв. Thiв proof 
the 8bove lineв with ueing SU('l.\ вymmetry (вее footnote 
) 1nete8d of BC811ng. 

11) Nevertheleвв the preвence of thiв uneввentiвl conвtвnt с~~ 
in the Lagrange denвity (4.25) 1в inevoideЬle. It iв due to е topolo
gical nontr1v1вl1ty of the 1mproved N•2 tensor multiplet ection die
covered at the component f1eld level in rer./6/: when the Lagrвnae 
deneity 1s wr1tten down in termв of the notoph f1eld etrengtb v~ 
1t exhiЬite а D1rвc-11ke вtring of в1ngul8r1t1ee th8t iв pвrametr1zed 

Ьу conet8nt С ~J • Вeing rewr1tten 1n te.rme of the notoph potent1al 
Е""" 1t ьecomes independent or c'l.~ • 

4.5. It W8S deaonвtreted in rer.16/ that tbe nonlinear ~ ~odel 
corraeponding to tbe coaponent f1eld 8ct1on (В.16) haa tbe van1ab1ng 
Riemann tenвor. Тhia 1е а strong eт1dence for the abaence of 1nter-
8C~1one 1n tbe tbeory. 

Тhе barmonic auperfield appro8cb h8B 8 priтilege to allow an 
elegant proof that tbe iaproтed В•2 tenaor мultiplet tbeor:r 1в equ1-
тalent Ьу а dualit~ trenafor88t1on to а free tbeory. 

!Ье proof goea •• followa (compвre sect. 3). We 1aple88nt tbe 
couвtraint (4.22Ь) 1n tbe action (4.22а) Ь~ 1118аnв of а L8«1'8nse 
.ult1pl1er GJ(11U) 

s : ~.~Ar~· i i(f")' + (o) .n .. [s+ч(~ .. )~c-·1 \ . (4о)О) 

То 881nta1n tbe auperconfor=al 1nvвr1ance of thia 8ct1on GJ would 
trenвfona •• 

o(J) • (i.+5++C/'l.Yi. • (л~·- -лнс--) . (4 • . ,1) 

We are t o abow tbe equivalence of tbiв t heorr to tbat of а free ~+ -
b;rper8Ult1plet (3.11) 

11 



Sf\U = - .L. S а;<-4\Ш ан D++ tt\ . 
\.. '2.~2. (J 1,. (4.32) 

Ав explained in rer/7/ tbe act1on (4.32) -is supercontorшally 1nva-
a+ . r18nt w1th ~ trвnstorш1ng as 

s-q,+, s лq,+~. <4.33> 

Coшpar1son ot trвnstorшation laws (4.23), (4.31) and (4.33) suggests 
the tollow1ng nondegsneratechange of superfield vari~Ыes *) 

а+ ( ~ • -l.c++\ · w r. ~~ - ~") ~ Vi = -~Ut+Ct.jU ·J 1·~~11 1 +\2е'ЗU. +IA•J .~1 · (4. 34 ) 

Now subst1tut1ng (4.34) 1nto the tree act1on (4.32) we 1ndeed 8rrive 
at the 8Ction (4.30). Тhis t1n1sbes tbe proof ot the equ1v8lence. 

5. Coupling to Contorш81 Supergrav1ty 

Тhе шain 1nterest to tbe 1mproved J!l•2 tensor mult1.plet steDIS 
trom 8 poss1Ьil1ty to use it 8& 8 coшpens8tor in construct1ng Eins
te1n supergrвvities on the bas1s ot the contorшal one lбl. It is the 
harшonic superspace thst allows to detine tbe gaugs group and tbe 
unconstrained prepotent1als ot tbe N•2 conforшal supergrвvity /71. 

In this secti~n we shall· der1ve the act1on tor the tensor mul
+ tiplet (and tor q, -hyperшultiplet) in 8 contorшal supergrвvity 

background. То beg1n with, the defin1ng constrвint reads now 

(~н+ r++) c+ca,u.) = о , 
н 

wbere the superco~ar1ant barшonic derivative ~ containв 
lytic prepotentials н++М (},IA) with М • +..,., m 1 f"+, io'+ 
acting on analyt1c вuperfiolds) 

(5.1) 

the an8-
(wbon 

2)+~ '?J++ + "++М~М 
rr -t ') 

'\++ ,;+tl. 1 ii (1 • " -.t (5 2) 
1 • "' ')I(L J Н· '}!( • 

and во does tbe harшon1c connoct1on 
Н р(М) 11++~ 

Г (~ 1ц) = (-J) 'd~н (),14) 

•) Its JacoЬian 

r (н) :а p(lll) .. о, 

rtr•),..r<r•)·t 

1 i '0(1{\$~) = ~t _'11\ _ 1. + \. .rc-
t:teL -;(w,j++) сьfн 'ЪСР 

iв nonzaro 1n воmе neigbbourbood of tи•j++so, 

12 

(5.3) 

Тhе constra,.nt (5.1) 1а invariant undar tbe superconforшal gsuge 
tranвtorшations. Тhi8 can Ье cbaoked Ьу uaing 

~~н. -л++.fJ• t~A) • ~r++. 2.(1.++_!}-нл J СЬ) • (5.4> 

~ L++ = '2.Л L+~ (5.5) 

Тhе geuge para11eterв .t\(j,lt} 
in the rigid свае *) 

н 
8nd !\ (},IL) have the same origin 88 

!ЪeJL 'J (}'·и') ~ ! -?..Л 
~(},и) 

~ ( .J '1) :\ 1 (-ч) 
~ о ~э- ~и1 = -'2./\ •} iW с 5 .6> 

5)u+i.- л++ u-t ~LCt = 0. (5. 7) 

LH· 
Тhе stшpleot way to der1ve an invariant -action 18 to deв-

cond fr011 tbe 1nvariant q_+ -hypel'llultiplet action. ТЬе latter 1е 

given Ьу 

1 ~ '{-ОФ +t а.++ а+ S - - - (1 CLu ~ • -;а -~\. (5,8) 
,.. 2)t1. 

and it ie obviCJшйy 1nvвr:1 ent tшdel' (5.4а), (5 . 6) and 

~ ti,\,., t~ tt\. (5.9) 

Nota that in eq.(5.8) thcr. 18 no nead 1n tha oonnact1on г++ ba 
cauaa tt+<t+L • Е <J f! q~ ,.. О • Lat U8 D08 cb8nga тariaЫas axactly 
а8 in (4.34) ~ 

~+L :[ -Ht\ +е'А t.CJ~++}~~., ~ + ( 2e\.IA+~ +LCt~++1ca1 (5•10) 

and eubetitute thie 1.nto t be :~otion (5 . 8). After 80Dia alge-ra we 

··s:~ #- :. ~Ц1· f ~(1'i' - r•:'r···- 2.1\""(1.•!~'<-·) • 
i +lA> · (9•"':t.r++).(c~+s·\~(~+~'1c--)J- <5.11) 

Variation e1tl:l Nspect to W yie lda tbe oon.at".int 

(~н+r++)[cH+1 .... +~(:f++)~c-~1-aO. (5.12) 

Comparing eq,. (5.1) and (5 . 12) ~• 1dentity (os 1n the rigid сааа, 
see eqa. (4.14), (4.21)) 

i) HoweV8r, 1n the local севе tbero are no ~j letiona like (4.5). 

1 :J . 



L++ ++ .с +• ! (f••)tc---=c +J +4 . (e-z. ... t ) . ,- (5 . 13) 

Fina lly, we gst the sougЬt action of tbe improved П=2 tens or 
шultiplet i n tbe superconforшal background in t he form 

S~"'f' .. ~2 ) Jj-.. ~tA [ ~бн)t- г·~f~с.-- 2~(1-.. ~ (-t• ·(~- -)1 (5.14 ) 

:f++ L++ witb related to Ьу eq.(5.13), constrained Ьу (5.1) (or 
(5.12)) and transforming ав 

)~++= (нi~t·лу ~ [ 2(Лс ... ·-к~с._) +2Af"'~(i+1+~c-;ц)\ . <5. 15 ) 

Тhе loca l supercontorma l invariance of the action (5. 14) 1в c l ea r 
f rom the derivat ion procedure. It can Ье also cbecked directly •) 
us1ng еqв . (5.4Ь), (5. 6) , (5 . 7) , (5.1 2), (5.15), ident1tie в (А . 1}, 

(А.2) and 

i~lt) .. f:Jj++Jl+ (5.16) 

wЫсЬ 1в 8 conвequence of (5.48 ). 

6. Conc luв1ons 

So, we ha ve been convinced th8t the hвrmon1c вuperspace врр
rоасЬ 1в an 8ppropriвte frвmework for а manifestly supersymmetric 
deвcript 1on ot N•2 t enвor multipletв. In p8rticul8r, we bave recaвt 
t be reвultв ot ret/1•2•31 . А rea l advantags ot thiв approacb 1в 
unconвtra1ned t ormulation ot N• 2 ~tter hypermultipletв (W(},K) , 

ctt ('~, Ц)) • Us~ng tbe l atter we bave pertormed (tor tbe t 1rst time) 
N•2 вuperf1eld .duality trenstormatione to prove tbe equ1valence ot 
tbe genersl N• 2 tensor mult1pl ete вelt-coupl1ngs to 8 reвtr1cted 
сlавв ot ~ (or 1+ ) оnев. Por tbe improved tenвor mult1plвt action 
а cert81n duali ty trвnstormation h8B led uв to tbe tree ~+ -hyper
multiplet act1on. ТЬеве equ1valence proots Ьате been given at tbe 
claвs1cel level. ТЬе1r extens1on to the qusntum leтel along tbe 11-
nee ot ret.l111 вееmв poвsiЬle. 

•J ' 
ТЬе Legrangs denвity acquires total der1vat1veв. So, tbe action 

1в 1nv8riant 

~5""""= ;"~af~ t ~~++[л~нс•- -t~ci~f .. (г'1 + 

)р(~> r"~(л.~+-':с•--л•+-А•ч+-:а-·)1 L= о. 
1- 2. (-i Эм L" · , j ~ 

J.l 

... Jlore important is t1nd1ng вuperepace coupling ot the '\t -hyper-
шultiplet and ot tbe improved tensor шultiplet to tbe N•2 contormal 
вupergravity. !Ье latter wав kncиn tor cOIDponent tieldв and wав used 
to obtain the third m1nimal ver81on ot Einвtein supergrav1ty 161 
while tbe tormer 1в eввent1ally new. Botb can Ье uвed tor conatruct- .. 
ing E1nвtein вupergrevitieв 1n вuреrвресе. То thiв end one h8B to 
add to act1one (5.8) or (5.14) tbe act1on ot tbe ·вo-called "а1аовt 

вimple" N•2 eupergrav1tyl181. !Ье latter ie вimply tbe act1on ot N•2 
lllll:nell шult1plet in tbe contormal eupergravity bвckground. Ccaplet
ing the derivation ot N•2 E1nвte1n вupergrвv1ty actionв in вuреrврасе 
w111 Ье done elвewbere. 

Autborв are glad to acknowledgs tbe part1c1pation ot tbe1r 
f riend Emery Sokatchev вt early вtagsв of thiв work. Тhеу ara a1nce~ 
raly grateful to Dr. B.Zupnik for vвluaЬle diecuвs1onв. 

Appendix А 

Here we give воmе detailв of derivation of the improved N•2 
tenвor шultiplet action (4.22). We sball need tbe following 1dent1-
tieв 

D++ с•-= с++ • -ь++с--= 2 c•
c•tc-- -(с+-)1 , ~ ct~c.:A • с• 

(А.1) 

(А.2) 

;\·'r. .,. )"-i -! ~~~--с•+(с-)"-2::. t 2 (h·t)(!t~-~)J ·\n• 1 <~- + t(11-2)(~"-~) .е".(с-) (А. 3> 

;14 '"''" )"-1 -1 t~-\11·1 (c+-f(~-.,~~-1-[t("·t)('l.I\·~)J ·(15 J\c·· -(111-1}~ ~ 1 > W'l• '~"II,S' ... (А. 4 ) 

Identit y (А.2) can Ье deduced uв1ng tbe barшonicв coapleteneвe cond1-
t1on u+C:Uj-tAjU·l • i~ , wh1le (А.3) and (А.4) are conaequencee ot 
(А.1) and (А.2). 

Var18t1on ot tbe tr1al 8ction (4.19) under вuperconfor.al tranв

for88t1onв (4.3), (4.17) and (4.20) 1в 

:Qlaf .. " "-t Jt-t III•Z} bS = J (~.,~и I ( tЛ(м-t)b.(t+1 (с) + 2"~"(Лl~ tAt).(tj · (с-1 (А.5) 
waJ"a ... tt 

In tbe laвt termwe bave uвed eq. (4.5a). Integrвt1ng 1t Ьу partв witb 
tbe belp of eq.(~.16) and 1dent1t1eв (А . 1) we obta1n 
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ь5~! (df~o 2А ~ i ("-i)~"(t1"61"-~ 2"b)j (f+j~-[c++(el"~"-2)~1"(i},1 А. 6 ) 
ZLJ 1 11•ll j 

Next step 1в to aubst1tute eqs. (А . З), (А.4) into (А.б) and to note 
that the terms conta1n1ng(D*)~ do not contr1bute due to eq.(4.5b). 
So, we arr1ve at 
1IЩl ~ - ~ n к-.z.г. 2 с.2(~о~Чо) 'ь \\ ~s =i. J·{"l{)tk oм L (ett) (с-) о L("-i)~ .. + ('Z."tl-=1)' nHJ \ "сл.7) 

J\wt 1:'1lдt 
Hence, the 1nvar1ance of S requ1res 

ь ~м - i . Ь ~ Ь ( Jtct\"2.- ~ (2rt-'l)! Ь . 
мt•-a.e'(l'l+i) "'_, n•- J 't\\(f\-t)t. 2 (А.8) 

Putt i ng .6
2 

.... ('lJ:Г1 cas explвinad in sect. 4.4 tье ract or с-1 1s 
needed to achieve с" - i ndependence of the action) and sUПШJing the 
seri~s (see, for example rer./19/) 

~ (211-t> 1 хм н 2)(" / 2х ) 1 

.. ~ мl lк-ot)! ., 4.:2Х+U-ЧХ ... li+>ft-цx' 
n•4! 

we finally get 2. 

Su..yt _L r d (-tr) г 2 ~++ . l 
= zcr .J ) ~ lно (!-4-t++e-/t11)V1 

(А.9) 

· (А.10 ) 

Here •о ahell fi nd the component field act1on tor tbe 1a proved 
N•2 teneor multipl~t etart1ng with the superapace one (eq.(A. 10)). 
fJubst1.tut1ng 1n thEo latter 8 -e:r:pens1on (2.7) and putt1ng 

L'~('JJ ... c~.i + фt~("'/.) > фн ... фt~ u+~u~ св. 1 > 

we obta i n atter 9 - 1ntep-a t ian ( ~--. e--jc."~) 
St~. ~t ~~-t·IA l (i+<\>+\-)-~~ f)"'Ll~ o?"'L~ -'f~ tf"'~~i -VY<\Vw.+ 

_ ~ : ) ~ ( , . (В. 2 ) 
+ MM-'2Vм.? ... L'"17 U\Ilj. + t~-~~~"1-(t+Ф,..Г)- · Mf-~~~ ~ 

+мt"'tl н.<vavm ~ •t'i t;! ?'"~.'~ W~1Yt+t''f"f~t"tif.i'f't,~«.) 
Now •• Ьата to ooapute 1ntagrel8 over baraonice. ТЬ1е oould Ьа done 
atra1gЬtforwardl7 ue1ng tbe expl1c1t paraaet~tion ot SU(2)/U(1)• 
• s'l. bason1c8 <•••. tor e:nmple r ef / 20/ ) 

ut• t.•r~&lt ·ey.p(-t.lflt) > U'i =- ~8/2.·tttp(-L'f/2) 
U\_ s Ш:.>О/2 • e)(,tt'fh.) 1 IAi .. 1. ~\f\9/t·Vf llf/a.) 
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(В.З ) 

and t he cor responding meaaure on :>2 

S Jц = j-;1 1 ~~~~Jr/SJ\f о 
о о 

(В.4) 

Вut t he stmpl est way 1s to employ SU(2 ) , symmetry of (В.2}. Тh1s 
subgroup of SU(2,2/2 ) is realized ев t ollows (see alao .footnote 
on р.1) 

s-u+i =л ++о U'i , S'u[ = о 
1 

5;"( Jд) = z.лсlм 
~с.--= о , ь{>н = z(лс++-Л~+- + лф++) (В.5) 

Л = i~д ~ u +. u-: > л++_ л~· и+: и+:- 'dнл · 
~ ' - ' d -

We observe that t he tirвt t ype of barmonic integrela encount er ed 
in (В.2) s ,J 11. = clu o (-i+ф+i:c-19-3/2 (В. б) 

is SU(2) с i nvariant . Now we uве tbe automorphism SU(2) д group 
to caat с ~J in t he form 

с н = с Z'l = о ) с .!.2== t с. 

end then SU(2)c (whicb does not cbange с •~· (В.5)) to r otate 
tensor c iJ+4>~J = L"~ into 

с~1.+ ~1.i= ~22+ Фн= 0 . 
Не nсе 

L = (1: L'JL ··)-1/z 
2 "6 • Фн = ф22= о , ф 1.2. _ ~ lL-c) 

In thiв frema 1 
.11.. = SJ.u o ( :!.+ ~ U\Ui t-i~,ц;ф'l.1_ c~.2/c1)-)12 -

~ ~ ~ 
... J ~ ~·~~eJe \ J...e (1. - L '.-1и~э фtУсУ = c/L 

'11" .. о 

Тhе second t ype of harmonic integrals in eq. ( В.2 ) 

!
2
: -2. ~ Jx Jц . ( 1. н~'У/с2У")/~ V"' ·1m L'do · и~ ud 

(В.7) 

the 

(В. В) 

(В.9) 

(В.10) 

(В.11) 

1в SU(2 )
0 

1nvar1ant only w1 tb tbe account of )( -integration and the _ 
conвtra1nt f"d"' V"'=O• То get an SU(2)

0 
covariant U. -integra l wa 

racall that vm- ~ вw.мlсе 'Q)> Е к .е. and integrate ъ,. parts i n (В.11) 

1
2

-= - ~ ~Ах A.u 8 .,., .. k~ Е /С.е · о." L{L"t.ro,... L.i!. u~ v.j o lнf.+ciE"tJ~2 с -;-(2 • св.12> 
Веrе wa uвed alao t ba 1dent1ty 

ц\ 1.1~ Lt('t u~J '"' utuj L~-\ "' ) + ~ [ci('t ut) и; + ~J('t.ut) u~ J . (В. 1 3) 
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ТЬе integral over harmonics in (В. 12) (appearing also in the second 
line of (В.2)) can Ье derived from (В.б), (В.10) 

~J.u. . (нф• .. c-JczJ*.ul Uj c-~'t = - i ;ф'J "4\е: $ ~~ · (В.14) 
Тhе laвt integral in (В.2) is calculated in а вimilar way 

SJ.ч С 1+Ao.1"~c1~a.\-~utltu+ u+.(c:Jic~ = i '<•i L"l.s).c • 
't' J ' 4 't ь с S' L~ (В. 15) 

Finally, we collect equationв above to raproduce the component 
field action t or the improved N•2 tensor multiplet 

5 ~...yt = г.~2. ~ J" \ ( ~ 1'L '~ .';}"'L ~- <\{ L ~a(d~:;a - v~V .... -t~M). С\ 

+ ~ (м~1if;.ci+M ·fJ.~~i+2~v«d1fi\fd.~ +-L~~"f:·1tAlAL~-
2.Ll. (В.16) 

-i cr--"'1& г • ,." L~'t. rp L'tl\ t- 31.(~ L't~) ~~t:f~ o/"'-'t4'f} · - г. с; . 1: К<. Vh )>! :) !:' , 
.4 L 

Note, that here the constant C~J disappeara and this action 
containing notoph potential Е.& is manitestly SU(2) 1nvar1ant (ct· • 

. sact. 4.4). 
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