N = 2 higher spin theories in harmonic superspace
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Abstract

We present off-shell unconstrained formulation of A/ = 2 Fronsdal theory and their cubic

(%, %, s) couplings to hypermultiplet using N/ = 2 harmonic superspace approach.

Harmonic superspace

4D N = 2 superspace defined as coset:
tls_ AMap, Pa, Qh, Ql su(2)}
{Mgp}, su(2)
4D N = 2 harmonic superspace can also be defined as coset:
{Map, Pa, Qi Q su(2)}
{Mgp, u(1)}

e Harmonic superfields QW (2%, Qé, %, uﬂ) have infinitely many components.

= (2, 93, éé) .
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* Harmonic superspace have new invariant subspace containing only half of the orig-
inal Grassmann variables. Analytic superspace (analog of chiral superspace in

N =1.d=4):

oot _ AMap, Pa, @, QL su(2)}

) )

{Maba Qgé_v an U(l)}
e Harmonic superspace allow off-shell hypermultiplet:

1
Shyper = —§/d4xd49+du ¢ DT = —/d4azd49+du G D gt ()

= (29,605,607 uF) = ¢y

eHere ¢ (z,07,u) = (¢, —q¢"), 7% = eabq;. g is unconstrained analytic super-

field with component expansion:
¢ (2% 0T, u) = fia)ul + 0T + 0,5Y + ...

e Harmonic derivative:

0

. S 7 NN ' . :
D++ = 6—'_—'_ — 229+’06+p6pp’ + (9—1_#83_ + Z<(9+) 65 ) 8—1_—1_ = U—HW, = (ILL , ,u) .

Here 2° is auxiliary coordinate and 1s used for description of supermultiplets in the

presence of central charge, 95¢" = imq™.

* Hypermultiplet equations of motion after exclusion of auxiliary fields gives:

DTt =0 = (@O+mAf'=0, 065" +mtha =0, i0p0" — mig =0.

 Unconstrained analytic prepotential of A/ = 2 Maxwell multiplet appear as con-
nection in harmonic derivative:

DTt = DTttt (2)

 Unconstrained analytic prepotentials of N/ = 2 supergravity appear as vielbeins
in harmonic derivative:

DYt = DT =D p TG ST 0 (3)

N = 2 spin 1 theory

e Using gauge transformations in Abelian N/ = 2 gauge theory, one can impose
Wess-Zumino gauge:

VT =DMA = VI = (0720 + (07)%0 + 21010 Ay + (07)20T % u;
—I—(@JF)Q(?;@EO‘ZUZ-_ 4+ (9+)2(9—+)2D(Zk>u;ulz :

e 4D fields ¢, ¢, A, , ng ! DUF) constitute an Abelian gauge N = 2 off-shell

o’
multiplet (8 + 8 off-shell degrees of freedom). On-shell we have the physical field
multiplet (1,1/2,1/2.0).

e Gauge invariant action:
S ~ / drd®0du VIV,

where V7 is the solution of zero curvature equation:

DTV DTV =0, SV~ =D A,

DT =0 =207 0 P9y, + 07N +i(07)05, 0T =u
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N = 2 spin 2 theory

e Analogs of V7 are the set of analytic gauge prepotentials (b7 a5 pti)
in harmonic derivative ® 71 (3) with gauge transformations:

5>\h++ozd _ D++)\ozd i 21-()\+040_+o'4 4 (9+oz§\+d) |
S\RTTD = DFEAD — 2i(Ategt — gAY,
§\hHHIE — DTt
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e Wess-Zumino gauge:

W = —2i0t e 0T + [(07)20 ™ uy + (07)2 0™ ] + ...
W0 = —2i0T0%9 T Cy ..., hTTHT =
e The physical fields are ¢/", wﬂl ' C, (Supermultiplet of N = 2 Einstein supergrav-
ity (2,3/2,3/2,1) on shell).

e The invariant action:
S ~ / d'ed*0du (GG, S+ GG,

Here we used composite superfields:

G = p Rl o (R Rt g—H g HpTTAT)
Gﬁﬁ%:::h++5_4%(h++u+ag__9;h++u+)

D"H_G__ILW _ D——G—H—,u/l D—|—+G——5 _ D——G—H—5 .

)

N = 2 spin s theory

* The general case with the maximal spin s i1s spanned by the following analytic
gauge prepotentials:

h++oz(5—1)d(s—1)’ h—|——|—&<8—2>d<8—2>’ h++&(s—1)d(s—2)+’ h++o'z(s—1)oz(s—2)+

)

where a(s) .= (aq...as),a(s) == (aq...as).
* The relevant gauge transformations can also be defined and shown to leave, in the
WZ-like gauge, the physical field multiplet (s,s —1/2,s —1/2,s — 1).
e The invariant action has the universal form for any s
_(_1\stHl 4 . 48 +4a(s—1)a(s—1) y——
S(s) = (1) / dhedS0du {G NN

+4a(s—2)a(s—2) ~y——
+G G&(S—2)d(s—2)}’

where GG-superfields are defined analogously to spin 2 case.

In Wess-Zumino gauge, one can check that in components presented actions give
corresponding Fronsdal and Fang-Fronsdal actions. A detailed discussion of compo-
nent reduction and solutions of zero curvature equations 1s given in [1].

Hypermultiplet couplings

Here we present cubic (1/2,1/2,s) vertices. Their form is fully fixed by super-
gauge transformations and N = 2 rigid supersymmetry.
e Spin 1 hypermultiplet coupling:

Sspinl1 = — / d*xd*0F du g (D++ + iV++) q".
e Spin 2 hypermultiplet coupling:

H@* = BT + RO 4 n 00,
1

Sspin 2 = -5 / drxd* 0T du ¢t (D++ + H(+2>+) qr . (4)

* General spin s hypermultiplet couplings are different for odd and even spins:

7%++:::(hﬁﬁfﬂs—lﬁﬂs—1%9

A o+ h—l——i—a(S—l)o'z(s—Q)—Fa&

+ prelsmRal g hHa(S_Q)@(S_Q)(%) fﬁﬁém_m ’

1 .
Seven spin s — 5 / dxd* 0™ du q+a (D++ + H?;;_) qg_a
1

Sodd spin s — 9 / dxd* 0" du C]+a (D++ + ﬂ&ﬁj) C]c—zF ; Jqua — i<7_3)abq+b-
Form of this couplings fully resembled structure of the hypermultiplet coupling to
N = 2 supergravity (4) and can be constructed by gauging of global "higher spin”
symmetries of hypermultiplet action (1). For the future details see [2].
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