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1 Introduction

Last time the higher spin field theory is becoming one the the central directions in modern
theoretical and mathematical physics (see e.g. the reviews [1-8]). In this paper we are going
to study some aspects of the higher spin field theory related to constructing the massive
supersymmetric higher spin models in three space-time dimensions.!

In higher spin field theories, in spite of their infinite dimensional gauge algebras, the
supersymmetry still plays a distinguished role in many aspects. It is enough to remind that,
for example, in the superstring theory all these massive higher spin states are perfectly
combined into the massive supermultiplets and it is the supersymmetry that stays behind
many nice feature of these theories.

In general, the classification of massless and massive supermultiplets is a rather
straightforward algebraic task depending mainly on the space-time dimension and on the
specific properties of the fermions in this space-time. But as far as explicit construction
(in terms of fields and Lagrangians) is concerned, the situation with massless and massive

1Strictly speaking, the notion of spin does not exist in three dimensions in literal sense. For the mass-
less fields the only characteristic is statistics (i.e. boson or fermion, see e.g. [9]), while massive fields are
characterized by their helicities in the same way as massless ones in four dimensions. But the term spin is
widely used in the literature on three dimensional theories and so we will also use it here.



higher spin supermultiplets drastically differ. For the massless supermultiplets it is not
hard to find such realization following to the simple general pattern:

§B~F(,  6F ~0BC.

This is an essential reason why the supersymmetric massless higher spin theory is developed
good enough (see [10-15] for massless higher spin models in four dimensions).

But the analogous construction for the massive supermultiplets appears to be very
complicated even if one uses a powerful superfield technique (see e.g. [16-21] for some
examples of higher superspin superfields in four dimensional theory and [22-24] in three
dimensional ones). The reason is that shifting from massless to the massive case one has
to introduce very complicated higher derivative corrections to the supertransformations.
Moreover the higher the spins of the fields entering supermultiplet the higher the number
of derivatives one has to consider.

In four dimensions the solution for this problem was proposed [25-27] in component
approach? based on the gauge invariant formalism for the massive higher spin bosonic [28]
and fermionic [29] fields. Recall that to obtain gauge invariant description for massive
bosonic (fermionic) field with spin s, one introduces a set of massless fields with spins
s, s —1,... 70(%) with their usual kinetic terms and local gauge transformations. Then
one adds all possible low derivative terms into the Lagrangian mixing all these massless
fields together as well as non-derivative corrections to the gauge transformations to restore
the gauge symmetries broken by the mass terms. Now if one takes some massive super-
multiplet and decomposes each massive field into the appropriate set of massless ones,
one immediately sees that all these massless fields are perfectly combined into the set of
massless supermultiplets. Thus the main idea of [25-27] was to generalize the gauge invari-
ant description of massive particles to the case of massive supermultiplets. Namely, one
introduces appropriate set of massless supermultiplets with all their fields, kinetic terms
and initial supertransformations and than adds lower derivative terms to the Lagrangian
as well non-derivative corrections to the supertransformations for the fermions only. It
is the absence of any higher derivative terms that makes such construction to be pretty
straightforward in spite of the large number of fields involved. At the same time if one tries
to fix all these local symmetries then all these complicated higher derivatives corrections
reappeared just as the transformations restoring the gauge.

In this paper we give an explicit construction for the massive supermultiplets with
arbitrary spins in three dimensions for the case of minimal supersymmetry. Naturally, this
construction is based on the gauge invariant description for the massive d = 3 bosonic [30]
and fermionic [31] higher spin fields developed in our previous works.? Recall that in d = 4
it was crucial for the whole construction that there exists the possibility to consider a kind

2The Lagrangian formulation given in these papers is on-shell and does not include the auxiliary fields
which are needed for closing the superalgebra. Off-shell supersymmetric formulation for these models is
still unknown.

#Non gauge invariant formalism has been developed in [32].



of dual mixing for the massless supermultiplets:

Y
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where A; and By are two bosonic fields with equal spins but opposite parities. Similarly,

in d = 3 case we found that it is crucial that there exist the possibility to consider massless
supermultiplets containing one bosonic and two fermionic fields:
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Recall that in three dimensions massless higher spin bosonic and fermionic fields do not
have any physical degrees of freedom. Thus such a structure of the supermultiplet does
not contradict to the fact that in any supermultiplet the numbers of bosonic and fermionic
physical degrees of freedom must be equal. Note here that massive higher spin supermulti-
plets do have physical degrees of freedom that originate form the massless supermultiplets
containing spins 1, 1/2 and 0 (that inevitably appear in the decomposition of massive
supermultiplet into the massless ones) exactly in the same way as in the gauge invari-
ant description of massive higher spin fields physical degrees of freedom come from the
components with spins 1, 1/2 and 0.

The paper is organized as follows. In sections 2 and 3 we provide all necessary formulas
for massless high spin bosonic and fermionic fields and massless higher spin supermultiplets
in the frame-like multispinor formalism we use in this work (see below). Section 4 contains

two relatively simple examples, namely massive supermultiplets (%, 1, %) and (2, %, %),4
illustrating our general technique. Sections 5 and 6 contains our main results: massive

%, s — %), correspondingly. To make our paper

self-contained as much as possible, we include three appendices giving gauge invariant

supermultiplets (s + %, S, 8 — %) and (s,s —

description of massive higher spin bosons, fermions with Majorana mass terms and fermions
with Dirac mass terms, adopted to the formalism used in this work.

Notations and conventions. We will work in the frame-like multispinor formalism
where all objects are one-forms or zero-forms completely symmetric on their local spinor
indices. Spinor indices «, 3, - - - = 1,2 are raised and lowered with the help of antisymmetric
bi-spinor 7

6067675 = —5a5, SaﬂAﬁ = Aa, EaﬁAﬁ = —Aa.

To simplify formulas we will often use a shorthand notations for spinor indices:
Pa1o2.0n \I,oz(n)'

We will also assume that spinor indices denoted by the same letter and placed on the same
level are symmetrized:

\Ija(n)ca _ \Il(al"'anga’“‘l)’

*Such supermultiplet has been constructed previously by dimensional reduction from d = 4 [33].



where symmetrization contains the minimum number of terms necessary without any nor-
malization. Basis elements of 1,2, 3-form spaces are respectively e, Ey*2) By where
the last two are defined as double and triple wedge product of e®(2):

e p PP = B g8,
By A PP = c0B0B R,
Let us write some useful relations for these basis elements

By’ N e’ =3Py, e NP = 4P

In what follows we will systematically omit the A symbol.

2 Massless fields

In this section we give all necessary formulas for massless bosonic and fermionic higher

spin fields in the flat three-dimensional space-time.

21)

Boson with spin s = [ + 1, [ > 1 requires two one-forms Q%20 and f*2) completely

symmetric on their local spinor indices. The free Lagrangian (which is a three-form in our
formalism) looks like:

(=) Lo = 1Q41-1)5€" QDT 4+ Q) d D3, (2.1)

where d is an external derivative. This Lagrangian is invariant under the following local
gauge transformations:

6()904(2[) _ d?’]a@l), 50@04(21) _ dga(2l) + eaﬁna(Zlfl)ﬁ, (22)

where no‘@l) and €2V are zero forms also completely symmetric in their indices.
Boson with spin 1 requires zero-form B*? and one-form A. The free Lagrangian and

gauge transformations are:
Lo = E3B°° B, — Bage®PdA,  §yA = dE. (2.3)
Equation for the auxiliary field B®® has the form:
2E3B% = ¢*PdA = Ey*PB,s=dA (2.4)
and as a result we have the following on-shell identity:
E*¥dB.,; =0 = E®,dB" =FE" dB".
Boson with spin 0 requires two zero-forms 7% and ¢. The free Lagrangian:
Loy = ngaﬁﬂ'ag — Egaﬁﬂ'aﬁdg& (2.5)
Equation for the auxiliary field 7%%:

2E37° = Ey™dp = ePrap=dy (2.6)



leads to the following on-shell identity:
eaﬂdwag =0 = eavdwm = eﬂ,ydﬂ'm.

Fermion with spin s =1 + %, [ > 1 is described by one-form w*(2—1) (also completely
symmetric on spinor indices) with the free Lagrangian and gauge transformations having

the form:

(—1)HLy = %‘Pa(zz—1)d‘1’a(2l_l), Sowel=1) — gea(2-1), (2.7)

Fermion with spin % is described by zero-form ¢® with the free Lagrangian:
i a 1.8
Lo = 1 oaB"3dd’. (2.8)

3 Massless supermultiplets

As it has been already noted in the Introduction, the main idea of this work is that massive
supermultiplet can be straightforwardly constructed out of appropriate set of massless
supermultiplets exactly in the same way as gauge invariant description of massive bosonic
or fermionic higher spin field can be constructed out of appropriate set of massless ones.
As it will be seen further on in the analysis of massive supermultiplets, the main role as
a building block is played by the massless supermultiplet containing one bosonic and two
fermionic fields, namely (here and in what follows s is always an integer) (s + 3, s,5 — 3).

Supermultiplet (I + %, I+1,1+ %), [ > 1 contains two fermionic 2+ and g2-1)
and two bosonic Q) (2D one-forms. The sum of their kinetic terms:

Lo = (=) 1Q421-1)57, QDT 4 Qo df @
i N i ol
5 oo dLETY — S W gy dW Y (3.1)

is invariant under the following global supertransformations:

5fa(2l) _ Zval\IJa(Qlfl)ga +l(2l + 1)6“1)04(2[)5@%
5(1)04(2l+1) _ BlQa(QZ)Caa (3'2)
6@01(2[—1) _ 2lalQa(2l_1)6CB.

In what follows we will fix the normalization of supertransformations so that
2ay® + (21 +1)32 = 2,

while the relative values of «; and (; will depend on the massive supermultiplet which
this massless one enters in. Thus in general such supermultiplet, its Lagrangian and the
supertransformations contain two fermionic and one bosonic fields. But as the particular
cases we can obtain supermultiplets with one fermionic and one bosonic fields. Namely,
putting oy = 0 we get supermultiplet (I 4+ 3/2,1 + 1), while the case 5; = 0 corresponds
to (I+1,1+1/2).



Supermultiplet (%, 1, %) contains fermionic one-form ®¢ and zero-form “ as well as
bosonic zero-form B*? and one-form A. The sum of their kinetic terms

Lo= _%<I>ad<1>‘“ + EB“°Bug — Bage™®dA + %%E‘”‘ﬁdw (3:3)

is invariant under the following supertransformations:”

0A = ifp®, (™ + iaowaeo‘ﬁCﬁ,
5% = —Bye’ B (2, (3.4)
5 = 4agBP¢s.

Supermultiplet (%, 0) contains fermionic zero-form ¢, and two bosonic zero-forms o8
and ¢. The sum of kinetic terms

Lo = %%Eaﬁd(pa — EnPrag + E*rsdy (3.5)

is invariant (provided one takes into account the equation for the auxiliary field 7®%) under
the following supertransformations:

8p =iBogal®, 00 =2Bom (4. (3.6)
4 Simple examples

4.1 Massive supermultiplet (%, 1, %)

. . e . . .3 . .3 -1
Gauge invariant description of massive spin-3 requires massless spin-3 and spin-; ones,
while massive spin-1 requires massless spin-1 and spin-0. Thus to construct massive super-
391

multiplet (3,1, 5) we need two massless supermultiplets (%, 1, %) and (%, 0):

@( )

We begin with the sum of kinetic terms for all necessary fields:

= oW
Nl= = ojw
O W=

Lo = —%%d@a + EB“PB5 — Boge®®dA + %%Eaﬁdwﬁ

i
+§¢aE"‘5d¢5 — En%rap + E®Propdy (4.1)
as well as their initial supertransformations:

S0A = iBo®aC* + icpiae™ (s,
S0®* = —Boe’ B, (?, Soyp® = 4B g, (4.2)
S0 = iBodal?, S0 = 2Bom P .

®Strictly speaking this Lagrangian is invariant up to the terms proportional to the auxiliary field B*?

equation only. Thus there are two possible approach here. From one hand one can introduce non-trivial cor-
rections to the supertransformations for this auxiliary field. Another possibility, that we will systematically
follow here and further on, is to use equations for the auxiliary fields in calculating all variations.



Now we add the most general low derivative terms:

L1 = 2mE,m P A +ia1®4e® 307 +iag® o B 5)P + iaz®o B 5°
+ia4E7/}o/¢a + ia5E¢a¢a + ia6E¢a¢a- (4'3)

This breaks the invariance under the supertransformations producing

8oLy = —2i(2a1 80 — aza)¥o B3 BVPC, + 2iasagV,(EB)CY
+iazBoWa BB, + i(2mBo + azBo) Va( Em)CY
—2i(a2B0 — 4as00)Ea B* (5 + 2i(2mag + as o) Eam*’ (s
—2i(a3fo — 2a500) Eda B’ Cs + imBodaePdAls + diagfoEdam® Cs.
Recall that, as we have already mentioned above, all calculations are performed up to

the terms proportional to the auxiliary fields equations and in this case one has take into
account that equation for the 7% field was modified and looks like:

E%gm®P = —%eo‘@) [de + 2mA]. (4.4)

To cancel these new variations we put

2a1B0 = azay, 2mBo = —asfo, azfy = 4asay, 2a360 — 4asag = 2mpy

and introduce the following corrections to the supertransformations:®

51T = Y ACY + yope™ (s, G1tba = 139Cay 0100 = Yapla- (4.5)
Then all variations with one derivative vanish provided

a3fo

5 v3 = 2mag + as o, Y4 = 2a60

7 = 2a2a0, Y2 =
leaving us with variations without derivatives:

§1.L1 = i(2a171 + mazan)Vae® s ACY +i(8arye — axys — agya) Vo E*P (g
+i(agy1 4 2my3) e E*P Als — i(3azyz — 2a4y3 — asya) Evapl®
+i(azy1 + 2mys) o EP ACs — i(3azya — asys — 2a674) Eda (™.

Thus we obtain:

a] = a4 = ag = ay = —ag = \fm as = —2m,

m
27
Bo? = 260% = 4ag?

Now if we introduce new variables
- 1 -
Lo R YN BYe , I YR + «
(0 \/i(tb %) P* = (¢ %),

SLet us stress that here and in what follows the only corrections we have to introduce in our approach

g

are the non-derivative ones to the fermionic fields.



then the fermionic mass terms take the form
m ~ ~ ~ m _~ ~

Lo =~ [Pac®s 2% + 40, B 50)P + 3Epaih®] — - Edad®, (4.6)
which corresponds to massive spin—% (in the gauge invariant formalism with the field e
playing the role of Stueckelberg one) and massive spin—% with equal masses. Note that
though we begin with the most general form of the fermionic mass terms, the supersymme-
try leads us to their form corresponding to gauge invariant formulation of massive spin—%.
In what follows from the very beginning we will use gauge invariant description of massive
bosonic and fermionic higher spin fields entering supermultiplets. It will greatly simplify
all calculations and always happens to be compatible with the supersymmetry.

4.2 Massive supermultiplet (2, %, %)
This supermultiplet has been constructed previously by dimensional reduction from four
dimensions [33]. Here we will show how its construction can be worked out in our approach.
In the massless limit massive spin-2 decomposes into massless spin-2, spin-1 and spin-0 ones,
while massive spin—% into massless spin—% and spin—%. Thus in this case the decomposition

of massive supermultiplet into the massless ones has the form:

(%) = ()=() ()

Again we begin with the sum of kinetic terms for all necessary fields:

= = rolw

Lo = Qape® Q7 + Quadf*? — %\padqf@

1 1
—5 Pad®” + EB®B,g — Bage®dA + §¢QE°‘5dwﬂ

i
+§¢aEaﬁd¢5 — En%rap + E®Propdy (4.7)

as well as their initial supertransformations:

SFP = jaqwlech), ST = 20,0°P¢y,

0A = ify®uaC + iagihae® (s, (4.8)
60 = —Bye” By, C*, 5P = 4agB*P g,

8¢ = iBodal®, 5% = 26ym*P (.

Now we have to add low derivative terms. As we have already mentioned, we will use gauge
invariant description both for the massive spin-2 as well as massive spin—% fields. As for the
massive spin-2 here the choice is unambiguous — we have just one spin-1 and spin-0 zero
fields to the roles of Stueckelberg ones. And for the two massive spin—% fields by analogy

with four-dimensional case [25] we will assume that two Majorana fields will combine into



a Dirac one. Thus we introduce the following terms (see appendices A and C):

L1 = —2measNP A —mfosEP,BY — AmE,pn®’ A

+im[U,e® 507 4 20, B 0?4 28, E5¢° + 3E10¢°), (4.9)
2 2
m 3m
Ly = Tfaﬁeﬁwfm —m*E* fopp + TEWQ- (4.10)

As in the previous case calculating all variations one has to use equations for the auxiliary
fields which in this case have the form:

0 = €50 4 df*@ 4 2me@ A,
0 = 2EB°® _ 2@g4 + %Eaﬁ Fo8, (4.11)
0 = 2B7°?) — @ [dp — 4mA].

To compensate for variations with one derivative dgL£1 we introduce the following correc-
tions to the supertransformations:

5T =AY, 6P = 1P+ vape®Pys, Sy = qa(?, (4.12)
where
7 = 4maoy, Y2 = —may, 3 = mf, Y4 = 3mfBy + 4may.

Then all variations without derivatives §1L1 + dgLo vanish provided
ar? = By? = dap?, Bo® = ap®.

5 Massive supermultiplet (s + %, S, 8 — %)

In this case the same line of reasoning leads us to the decomposition:

S"‘% s l+% 1
R I Y @<3>.
=1\ J

g — 1

D=

Correspondingly we begin with appropriate sum of kinetic terms for all fields

s—1
Ly = Z(_l)l“[lQa(Zlq)gefija(?l*l)V + Qa(zl)dfa@l)]
=1

—i—EBa(Q)Ba(Z) — Ba(2)ea(2)dz4 — Eﬂ'a(g)ﬂ'a@) + Wa(Q)Ea(Q)d(p

. [s—2 s—1
Q [e% (03
5 [ DD T Wy d W EEY Y (1) Dy 1) dR Y
=0 =0
+%¢aEaﬂd¢ﬁ + %XaEaﬁdxﬁ (5.1)



and their initial supertransformations:

5foz(2l) _ iOzl\Ifa(Ql_l)Ca + Z(2l + 1)61q)a(2l)6g8, 1>1
50(1)04(2l+1) _ B[Q&(Zl)é-a’ 50\Ija(2l_1) _ QZOZZQQ(Zl_l)BCﬁ,
§A = iBy®al® + ighaeP (s, (5.2)
50 = —Boe? P By(9)¢?, 5 = dag B (g,
590 = iﬁoﬁbaCa, 5@5& = 2507TQBC6.

Now we have to add the lower derivative terms. For the bosonic terms we take the ones
corresponding to gauge invariant description of massive spin-s boson (see appendix A),
while for the fermionic terms we introduce the most general ones compatible with the fact
that they have to correspond to gauge invariant description of two massive fermions with

spin-(s + %) and spin-(s — 3) with equal masses (see appendix B):

s—2

[+2 o o

Ly = Z(—l)Hlaz [—( ;i )Qa(Ql)ﬁ(Q)eﬂ(Q)f D 4 Qe p) f*EIF)
=1

+a0[2Q0(2)¢*P A — fogEP B*] + agm a2 E* ) A, (5.3)
Ly = s_l(—1)l+10zfoz(zu1)¢ieﬁmlm(21_UAY + 1ha) B @ + coB?, (5-4)
o
Lip =iy (=) hi®@anae” @207 40y (1) i@ s’ BT 4 5T g 5 5, WD
=0 =0
+iE[l~)_1¢a¢>a +b_10,0" + 8—1¢a¢a]

s—1
+i Z(*l)lﬂ‘pa(m—ng(g)65(2) [dlqﬂ(mfl) + el\pa(zlﬂ)]
=1

s—2
+1 Z(il)u’l\I]a(2l—1)[3(2)€ﬂ(2) [dl\Ija(mfl) + él(I)a(Zlfl)]
=1

+i®o E%3]do¢” + eoth?®] + iU E* 3[doth”® + €0¢”). (5.5)
As in the previous cases, calculating the variations we use auxiliary field equations:

_ l + 1)61[,1 _
_ Qa(Ql 1B a(21) a(20)5(2) ( a(2) pa(21 2)‘
0=ce"g +df + aiegea) f +—l(l—1)(2l—1)e f

From the variations with one derivative we found that we must introduce the full set of
corrections to the supertransformations:

61(I)a(2l+1) _ %fa(QH-l)BC/B + Slfa(%)ga’
51‘I,cx(2l+1) _ 'Vlfa(zH_l)BCB + 5lfa(2l)ga’

519 = Fof*PLs + S0 AC™ + poe®P (s, (5.6)
51U = 80 f*FCs + Y0 AC + poe® pCs,
Y = popC?, 0196 = popC”.

,10,



Moreover, supersymmetry requires that we put ¢; = 0 and it is this constraint that allowed
us to find the solution for the fermionic mass terms in appendix B. Now when all the coef-
ficients in the Lagrangian are fixed, it is straightforward to find solution for the parameters
of the supertransformations:

s (I+1)
RN TCT T

2
) /80:

(5.7)

a02 =

W=

where we set the normalization so that
2oy + (21 +1)32 = 2.

Then the parameters determining corrections to the supertransformations are also fixed:

o (sHI+1)(s—1-1) ,
R TS VI G DR

9 (sH+I+1)(s—=1-1) ,

T U@+
o = pE 58)
L
2(21 +1)2
702 = 2(s — 1)(s + 1)m?, 602 = 2m?,
po’ = po° = s*m?, po’ =m?, po = 0.

6 Massive supermultiplet (s, s — %, s — %)

In this case the decomposition looks like:

s s s—1 l+% 1
L 1 = L@ l @(2).
(3—2’3—) (5—2> ; -1 0

Thus we need the same set of fields as in the previous case except the field
that the supermultiplet (s,s — 1/2) is just a particular case of (s + 1/2,s,s — 1/2) one).
So we take the same massless Lagrangian (5.1) with this field omitted and the same set of
initial supertransformations (5.2) where now 551 = 0. As far as the low derivative terms,
the bosonic terms will again have the same form (5.3) and (5.4), while by analogy with
four dimensional case [27] we will assume that fermions have Dirac mass terms compatible

2s=1) (recall

— 11 —



with gauge invariant description (see appendix C):

)

Lip =1 (1) b0, 0,007 +ibgEgax®
l

I
o

s—2
+73Z(—l)lﬂ[dzqfa(zl—1)5(2)65(2)‘I’O‘(m_l) + dl®a(2l—1)ﬁ(2)€6(2)(I)a(m_l)]
=1

+idoW o E*51pP + idg®o E* 50" (6.1)

Calculating all variations with one derivative dgL£; we find that we have to introduce the
following corrections to supertransformations:

51\Ila(2l+1) _ ,.)/lfoz(Ql)Coz7 6(1)(1(214»1) _ :)/lfa(QlJrl)BCﬁa
510 = AL, 519 = Y0 f*’ s + poe*P (s, (6.2)
619% = popC”

and obtain the following expressions for the parameters determining supertransformations:

a2_w BLM
LT 220+ 1) T s+ 12
1 (s—1) L1
2 _ 1 2 _ 2 _ 1
Qo = ]’ BO 4s /80 2’
s s(s—1—1)m?
T2+ )2
2 s(s+ 1+ 1)m?
TS0+ 2@ 1 3)
(6.3)
- s(s + 1)m?
702 =s(s — 1)m2, 702 = (12),
s(s — 1)m? 5
p02 — ( 1 ) , p02 — 4(8 o 1)2m2.
(6.4)

Conclusion. In this paper we have constructed the minimal supersymmetric Lagrangian
formulation for all massive supermultiplets with arbitrary spins in d = 3. We have shown
that as in the d = 4 case such massive supermultiplets can be straightforwardly built out
of the appropriately chosen set of massless ones. Such procedure can be considered as a
supersymmetric generalization for the gauge invariant formalism for massive higher spin
bosonic and fermionic fields where the description for the massive field is obtained through
the set of the massless ones. In most cases constructing the Lagrangians we from the
very beginning choose mass terms compatible with such gauge invariant description for
massive fields. But as we have shown in one case and checked in others even if one starts
with the most general form of the mass terms without any preliminary assumptions the
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supersymmetry alone will unavoidably lead to such form. Thus the very idea of gauge
invariant description for the massive higher spin fields is in the perfect agreement with the
supersymmetry.

As the directions of the further development one can point out: 1. The approach can
be applied to the extended supersymmetries as well. 2. It would be interesting to consider
interaction of such massive higher spin supermultiplets with supergravity. 3. The approach
considered in this paper is on-shell. It would be interesting to develop a completely off-
shell superfield Lagrangian formulation for the three-dimensional supersymmetric massive
higher spin theories. Some preliminary results have already been obtained in [34].7 4. We
have constructed the supersymmetric massive higher spin models in flat 3d space It would
be interesting to generalize the models under consideration to AdSs space and apply it to
problem of AdSs/CFTy duality.
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A Massive boson with spin s > 2

Gauge invariant description of massive boson with spin s [30] requires massless fields with
spins s > 1 > 0. Thus we introduce a collection of one-forms f*2) Q@) s_1>1>1 as
well as one-form A and zero-forms B*?, 7% and ¢. As usual, we begin with the sum of
kinetic terms for all fields:

s—1
Lo =3 (1) Q01115 QDT 1 Qo df D]
=1
+EBaﬁBaﬁ — BageaﬂdA _ Eﬂa/jﬂaﬁ + WaﬁEa’Bd(p (A1)

and their initial gauge transformations:
50fa(2l) _ dga(ﬂ) + ecuﬁ,r}oz(Ql—l)B7 5()905(2[) _ dna(2l)’ SoA = df (AQ)

To proceed we add the most general terms with one derivative:

s—2

£1 = Z(_l)l+1[b(l)9a(2)ﬂ 21 fﬁ ( )Q (@ 65 2)f a(20)8(2 ]
=1

—aoﬁageaﬁA — b()fagEﬁyBa’Y + &Oﬂ'agEa'BA (A3)

"Recently we have been informed by S.M. Kuzenko that he has unpublished yet results on superfield
formulation for massless three-dimensional N = 2 supersymmetric models with arbitrary superspins.
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as well as the most general corrections to the gauge transformations:
619a(21) —_ (l)eﬁ(Q)HQ(QZ)B(z) + KQ(l)ea(Z)na(2l72) + Rg(l)eaﬁga@lfl)ﬁ?
51(1)&(21) _ H4(l)eﬁ(2)€a(2l)6(2) + K5(l>€a(2)§a(2l_2),
5B = k1(0)n?,  51A = DE+ ka(0)eqpt™”, (A.4)
517 = kg, o1 = Kr&.

All variations coming from doL1 + 61 Lo vanish provided

an(l) = —b(0), all) = K;@-_g ra(l) = a(l),
rsll) = _zlz(zlz__?)’ by =~ ?)a(l)’
Iil(O) = —ay, Ii4(0) = %, K7 = —ag, ag + 2by = 0.

To proceed we introduce the most general terms without derivatives:
s—1
Ly =Y (=)™ e(l) fan)pe’ f* T + &1 fasEP 0 + o B, (A.5)
=1
Then all remaining variations can be canceled if we put
2(k +2)(2k + 3) B 2(k+1)

ke (B o ek - D7+ delk) =0,

c(l
o)) = 4,
(14+2)2%c(l+1) =11+ 1)e(l),
aob
R ===, a0’ = 6dey,
bo? — (s+1)(s— 1)m2
3 )
where we choose normalization
2s(s —1
2 = 75(8 )a(s—2)2.
(s—2)
The last relation in the second line is just a recurrent relation on ¢(l) and it gives
s2(s—1)
l) = ——=c(s—1).
W=Tarnrt—Y
Than the first line can be considered as a recurrent relation on a(l). For | = s—1 we obtain
2
m
1) =
s = 1) = gy

and then we get general solution

a(l)2:l(8—|—l—|—l)(s—l—l)m2 a2:(5—1)(5+1)m2
20+ 1)(1+2)(20+3) 0 '
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B Massive fermions with Majorana mass terms

To construct gauge invariant description of massive fermion with spin-(s + 1) [31] we
introduce a set of one-forms W2+ 51 > [ > 0 and zero-form x®. As for the Lagrangian
we take the sum of kinetic terms for all fields as well as the most general form for the mass-

like terms:
i s—1 i
1 !
Lo = B ;(—1) W oy AT §XaEaﬁdXB

s—1 ~

+i Y (=)W g onype” T+ iby Exa x
1=0
s—1

i (D) W01 1)2)e” DT idg U, B X (B.1)
=1

At the same time we introduce the most general ansatz for the local gauge transformations:
5\1104(2l+1) _ déa(QH_l) + aleaﬁéa(ﬂ)ﬁ + 5lea(2)£a(2l—1) +’Yl€5(2)§a(2l+1)5(2),
ox® = apé”. (B.2)
For variations with one derivative to vanish we have to put

2b; PR
20+ 1)’ PRI+ 1)

o = Y = di41, ag = do.

Than all variations without derivatives vanish provided

ab® (l+2)(2z+1)d 2 _y ) _(2l+3)b
Q+1) " T+t T SR T D
These relations can be easily solved and give
(2s+1) -
b= ——-~ bp = —3b
ETCTEE 0 o
— 1
d? = (s = D(s+1+ )mQ, do? = 2s(s + 1)m?.

20+ 1)(20 + 1)

where we choose normalization by setting bs—1 = 5. In what follows we will need analogous
solution for the fermion with spin-(s — 3) which has the form

_ (251 -
= ™ bo = =3bo,
—1-1 l
d)? = (s ICR do? = 2s(s — 1)m>.

20+ 1)@ +1)

For the massive supermultiplet (s + %, S, 8 — %) we need two massive fermions with

spin-(s + 3) and (s — 3). The simplest solution is to take just the sum of corresponding
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mass terms:

s—1

s—1

+iy A(s, )P

=1

(2s+1) m~
llzg 2(20 + 3)

Poanpe

a(2-1)8(2)€

s—2

o (2s—1) m ~ =
B P (20 ZZ (21)56'87\11 (20~

e 2(21+3)

s—2
5(2)&)&(2[71) - ZZ A(S - 17 l)\i’a(glfl)/g(g)65(2)\?0‘(2[71)
=1

+imn/25(s + 1)®a E0° — imy/2s(s — 1)U, B 50)?

i(2s +1)m
2

where we denote

E¢ad® +

i(2s — 1)m

5 Eoh®, (B.3)

A(S’l)_\/(s—l)(s—i—l—l—l)m

2+ 1)(20 + 1)

But in general the variables in terms of which the mass terms turn out to be diagonal do

not coincide with the ones entering massless supermultiplets. The most general situation

corresponds to the possible mixings for the pairs of fermions with equal spins. Thus we

introduce:

= Dy (25-1);

= co8 0Py 9141) + SOV o (2141)

= —sin0;Pq(9141) + cos OV (2141), (B.4)
= cos 0™ + sin G,

—sin 0% + cos O™,

Than for the mass terms we obtain the Lagrangian (5.5) used in our construction of cor-

responding massive supermultiplet, where

m

2 Y

(25 + 1) cos? 6 — (25 — 1) sin? glm
2(21 + 3) ’

4ssin 0 cos 6,

(21 +3) ’

(25 + 1) sin? ; — (25 — 1) cos? le

2(20+ 3) ’

C(2s+1) cos?f — (2s — 1)sin? 6

2 m

—4ssin 6 cos Om,

_ (2s+ 1)sin?6 — (2s — 1) cos? 6

(2s—1)

2 ™

cosbls_o,
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d; = A(s,l)cosbcost_1 — A(s — 1,1)sinf;sin6;_1,

do = \/2s(s + 1)mcos by cos § — /2s(s — 1)msin f sin 6,

dy = A(s,l)sinf;sinf_1 — A(s — 1,1) cos 0 cos 01,
dyp = \/25(s + 1)msinfysinf — \/2s(s — 1)m cos 6y cos 0,

m sinf
€51 = —————=5sinls_o,
s—1 ( 1) s—2

e; = A(s,l)cos@sin€_1 + A(s — 1,1) sin 0, cos 0;_1,

eo = V/2s(s+ 1)mcosfysinf + /2s(s — 1)msin y cos 0,

e = A(s,l)sin@;cos;_1 + A(s — 1,1) cos 6 sin 0;_1,

€0 = V/2s(s+ 1)msinfycosf + /2s(s — 1)m cos Gy sin 6.

But supersymmetry requires that ¢; = 0 and this gives a recurrent relation on the mixing

— 1
tanf;_q = —\/(8 Dis+1+ )tanel.

angles:

(s—=1—=1)(s+1)

For the massive supermultiplet (s + %, 5,5 — %) we will need the following simple solution

—1—-1 [+1
sinf; = (—1)! ST, cost = 4/ %

Than for the coefficients in the fermionic mass terms (5.5) we obtain:

for this relation:

b= b= b=, b=~

by — (_1)l2\/(s_l(2_zi);+l+l)m’ b\ — 2sm,
e .

d = —\/(8 gé:ri;gltf;;l)m, do = —/2(s + 1)(s — )m,
= _(_1)1\/2(1 n 1)1(21 IR e = —V2m.

C Massive fermions with Dirac mass terms

For the massive supermultiplet (s,s — %, s — %) we need a pair of massive fermions with

spin-(s — 3) with equal masses and with mass-like terms having a Dirac form. The kinetic
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terms has the usual form:

s—2

Ly = 3 Z(—l)lH[‘I’a(21+1)d‘1’a(2l+1) + o141y AP Y]
1=0

~.

5V B pdy? + Z0aB5dd”, (C.1)

while for the mass-like terms we choose the Lagrangian (6.1). For the field’s (241 Jocal
gauge transformations we consider the following ansatz:

5@04(2[—1—1) _ dfa(QH—l) + ﬂlea(Q)fa(Ql—l) _1_7165(2)504(%—&—1),3(2)7
6@04(2l+1) _ aleaﬁéa(ﬂ)ﬁ’ 6,¢a _ &Ofa.
For variations with one derivative to cancel we have to put

b R
20+ 1)’ P+

o = Y = diy1, ag = dp.

Then all variations without derivatives vanish provided

b* 2+(l+2)(2l+1)d 2 _
@+1) T Fn@@+3) Tt T
(2043), -

bidy — bi_yd; = 0.
(2l+1)ll —1U]

Analogously, the invariance under the local gauge transformations for the ®*(2+1) field

gives:
b2 -y (4+2)20+1) -
—d T Ave7 o A+l = 0,
(2l +1) 1+ 1)(21 4 3)
(20 +3) ~
bid; — bj—1d; = 0.
@4 1) %~ b 0
From these equations we obtain the following solution:
2s —1 - —1—-1 l
l:(S )m, d12:d12:(8 )(S+)m2,
(20 +3) 20+ 1)(20+1)
bo = 3bo, do? = dy? = 2s(s — 1)m2,

where we set bs_o = m.
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