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Introduction

In supersymmetric theory it is natural to start with description of supermultiplets.

@ Massless higher spin N = 1 supermutiplets contain one bosonic f and one
fermionic @ fields with spin (k,k 4 1/2). It is not hard to construct on-shell
supertransformation leaving the free Lagrangin invariant 6(L; + L3) =0

5f ~®C 8D~ DfC

Metric-like formulation T. Curtright 1979
Frame-like formulation M.A. Vasiliev 1980

@ Off-shell N =1 superfield formulation of massless supermultiplets
S.M. Kuzenko, A.G. Sibiryakov and V.V.Postnikov 1993
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Introduction

@ Massive higher spin N = 1 supermultiplets contain pair bosonic and pair fermionic
fields with spins
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What the supertransformations leave free Lagrangian invariant?

o=

(Ls + L1 +£[s+%] +£[3_%]) =0

The main problem is that massive higher spin fields are not gauge ones and
Lagrangian description for them requires auxiliary fields L.P.S. Singh, C.R. Hagen
1974. This leads to introducing of non-trivial higher derivative correction in
supertransformations.
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Introduction

Systematic solution was proposed by Yu.M. Zinoviev 2007 as generalization of gauge
invariant formulation of massive fields to the case of massive supermultiplets in 4D
Minkowski.

Gauge invariant description of massive fields Yu.M. Zinoviev 1983

Massive fields are described as deformation of system of massless ones coupled by
Stuckelberg symmetries:
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k=0
Massive supermultiplets as massive deformation of system of massless ones.
GOAL: extending supersymmetric gauge invariant formulation of massive models to
construct N = 1 higher spin supermultiplets in 4D AdS.
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Introduction

General construction of massive supermultiplets
Massive supermultiplet

[s + 5]
/ \
\ /
[s = 3]
Massive superblocks
[s+ 3] [5] [s + 3] (5]
P1 &) P2 ® P3 &) P4
[s] [s - 3] [s] [s - 3]
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Introduction

Massive suberblocks in gauge invariant form

[s + 3] k+ 3 k—3
0
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[s] k+1 k k-1
Massless supermultiplets
k+ 3 k
ag o,
k k-1
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Introduction

Frame-like multispinor formalism

@ 4D AdS background frame is described by 1-form e** (o, & = 1,2). Double
product is defined as

e N PP = BB | OB paB
@ AdS covariant derivative D is normalized as
D¢ = —2N}(B°56%% + B9 46°7),  A2>0
@ The parameter of global supertransformations ¢, (* satisfies the relation
D¢ = —xe® y¢”

@ 4D Minkowski case is reproduced by limit A — 0 and D — d.
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Free higher spin boson

Massless (gauge) boson '

Frame-like formulation for spin & > 2: physical 1-forms fetk=Datk=1) 5nd axillary
1-forms Q2(®a(k=2) 5nd p ¢

Ly = pQo(k—1)Ba(k— 2)E57Q (k—1)yé(k—2)
—(k— )Qa G(k— 3)BE WQ ke
+29a(k—1)5a(k—2)665dfa(k L

84
ya(k—2)p ~ e
Spet-Dak=1  _ geatk-Datk-1)

+e£dna(k—l)5d(k—2)+eaBna(k—2)d(k—1)[3
sQeRak—2)  _ dna(k),d(kf2)

Schematically: fi is physical fields, Qy is axillary one

L = QuQp + Qedf, Ofk = dék + Mk, 00 =dnk
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Free higher spin boson

Massive boson

In gauge invariant form massive spin s can be described as system of massless one
s > k > 0 coupled by the Stuckelberg symmetries.
Fields variables

S S

Z(fkvﬂk) _ Z(fa(k—l)d(k—l)7Qa(k)d(k—Q)) + spin 1 + spin 0

k=0 k=2

Lagrangian

Lig= Z[ﬁk + ak(Q fo—1 + [6Q—1) + be(fi fr)]

&
Gauge transformations
Ofk = D&+ mr+ (ar€r—1+ ar+1&r+1)
0% = Dnk+ (arnr—1 + arr1Mr+1) + b
2s(s +1) 2 2 2 2
b = —— M* = — 1A
K kk—Dk+ 1) m”+s(s = 1)
As—k+1)(s+k)
= M2 — —1))\2
ay \/ -1 —2) [ k(k —1)\2]
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Free higher spin fermion

Massless (gauge) fermion _
Frame-like formulation for spin k +1/2, (k > 1): physical 1-forms ®(*)¢(:*=1) and p c.
(*1)'“13;9% = Wa-npag1ye’ pdw DD
FEeREk=1) _ gea(®)a(k-1)
Schematically: <I>,H_% is physical fields

Loy =®p1dPy, s, 0B,y =déy,y
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Free higher spin fermion

Massive fermion

In gauge invariant form massive spin s + % can be described as system of massless one
s+ % >k+ % > 1/2 coupled by the Stueckelberg symmetries.

Fields variables
k=0 k=1

Lagrangian

['[er%] = Z[['wr% + Ck(q)kju%q)kf )+ dk(¢’k+%¢'k+%)]
k

1
2
Gauge transformations

5‘1316_,'_% = ka_,'_% +(Ck£k_% +Ck+1€k+%)+dkfk+%
dy = i7(8+1) M, M12 :m12+s2)\2
2k(k+1) 7
o = \/(S_Hl;ngJrl)[Ml?—kW]
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Massless higher spin supermultiplets

Massless supermultiplet (k, & + %)
5(£k+£k+%) =0
Supertransformations

5fa(k71)a(k71) _ ak_lq)a(kﬂ)ﬁa(kq)cﬁ B dk_lqja(k—l)d(k—l)ﬁcé
spakatk—1)  _ /Bk_lga(k)a(kﬂ)ca

Massless supermultiplet (k,k — 1)
B(Li+ Ly 3) =0

Supertransformations

éfa(kfl)d(kfl) _ a;g_lqja(kfl)d(kfmcd . d;_l(l)a(kf2)d(k71)<-a
spo—Dak=2)  _ /B]/c_lga(kfl)ﬁd(kfﬁcﬁ
where (k1) .
(k—1) 5 i 3
Op—1 =1 1 Br—1, 04;71 = mﬁl@q
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Massive higher spin supermultiplets

Massive superblocks

[s £ %] k-1
nl e / \ / \
-
[s]
5fa(k—1)d(k—1) _ ak_lq)a(kfl)ﬁd(kfl)gﬁiak 1<I>"’“ D (ke 1)BC
+o¢;€_lq)a(kfl)d(k72)g _ = q)a(k 2) 6 (k— 1)<
speRak=1)  _ 5k—1ﬂa( G(k— 2< + 8, ok Bak UCB

where k < s. Boundary conditions:
as=0: =0, ai=p8=0 (1)
in the case [s + 3] and
as—1 = fs-1 =0, ay=p;=0 (2

in the case [s — 3]
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Massive higher spin supermultiplets

Massive superblocks
Massive deformation

> Lk + Liv1) B L+ Liay
3
b (IGE=D el DaoD) ey paliatk-Dic,
The requirement
0(Lps) + Lioz1) =0
gives
@ The expressions vi ~ B, Yie ~ B

@ The recurrent equations on the parameters 8, ;.. There are four solution both for
(s,s+ 1) and (s,s — 1) superblocks.

Let us denote boson with mass M and fermion with mass M; as
+ 1.4
St [+ 5l

here & corresponds to parity-even /parity-odd for boson and sign of dj, for fermion.
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Massive higher spin supermultiplets

Massive superblocks (s, s + 3)

[s]7 [s]ar
I+ 51ar, s+ 31,
[S]j\_/[’ [5];/1/
s+ 3l s+ 51ar,

Bt = \/(”’““)(Ml“% Bis = £/ =15~k + DL F hN)p

(k=1

where
M? =M (My — ), M?=DM(M +)\), p==p
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Massive higher spin supermultiplets

Massive superblocks (s, s — 1)

Br—1 = \/Wm Bi—1 =/ (k= 1)(s + k) (M2 £ k)\)p

where
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Massive higher spin supermultiplets

Massive supermultiplets

To construct complete massive supermultiplets we choose appropriate solutions for each
superblock and adjust their parameters so that the algebra of these supertransformations

is closed.
[s + 3]3n, [s = 31in,
/ ps / x
[s]3 Y=s [s]ar [s]3z V=s-3 [s =1
X % x P4
[s = 31, [s = 31h,
M? = My (M — ) M? = M'® = My (M, + \)
M = My (M, + X) Mo = M + A
M, = M,
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@ Gauge invariant formualtion of massive higher spin fields give systematic approach
to construction of massive higher spin supermultiplets both in Minkowski and AdS
space.

@ In such formulation massive supermultiplets is described as the system of massless
ones which are mixed with each other. Massive deformation fixes the arbitrariness
of mixing.

@ To construct massive deformations for supertransformations we need add terms
without derivatives for fermionic fields only.

@ General scheme has been successfully applied by us to construction of 4D N =1
partially massless supermultiplets arXiv:1904.01959 and infinite spin
supermultiplets arXiv:1904.05580.
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