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Harmonic superspace [Galperin, Ivanov, Kalitsyn, Ogievetsky, Sokatchev 1984] is the
universal method to deal with off-shell N = 2 supersymmetry theories:

HR4+2|8 = R4|8 × S2 = {xαα̇, θαi , θ̄α̇i , u±i }.

Introduction of harmonic coordinates lead to the presence of a new supersymmetric invariant
superspace – analytic superspace, with coordinates ζ = {xαα̇

A , θ+α, θ̄+α̇, u±i }, where analytic
coordinates defined as

xαα̇
A := xαα̇ − 4iθα(i θ̄α̇j)u+i u−j , θ+α := θαiu+i , θ̄+α̇ := θ̄α̇iu+i .

One can also define harmonic derivatives ∂±± = u±i ∂
∂u∓i , which in the analytical basis take

the form:
D±± := ∂±± − 4iθα±θ̄α̇±∂αα̇ + θ±α̂∂±α̂ .

N = 2 higher-spin theories (see talk by E.Ivanov) have natural geometric formulation in
terms of unconstrained analytical prepotentials [Buchbinder, Ivanov, N.Z. 2021]:{

h++α(s−1)α̇(s−1), h++α(s−1)α̇(s−2)+, h++α(s−2)α̇(s−1)+, h++α(s−2)α̇(s−2)
}
.

These prepotentials are the higher-spin generalization of linearized (over flat N = 2
harmonic superspace) N = 2 “minimal” Einstein supergravity (s = 2 case).

These higher-spin prepotentials covariantize harmonic derivative with respect to the
higher-spin N = 2 supersymmetry:

D++ → D++ + κsh
++α(s−2)α̇(s−2)M∂M∂

s−2
α(s−2)α̇(s−2)

(J)P(s),

and so naturally interact with the hypermultiplet.
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N = 4 vector multiplet
[
(1), 4( 1

2
), 6(0)

]
in the N = 2 harmonic superspace is described by

the action:

SN=4 =
1

4

∫
d4xd8θdu V++V−− −

1

2

∫
dζ(−4)q+aD++q+a .

Here q+a = (q̃+, q+) is the hypermutiplet [2( 1
2
), 4(0)] superfield:

q+ = f iu+i + θ+αψα + θ̄+α̇ χ̄
α̇ + 4iθ+αθ̄+α̇∂αα̇f

iu−i + . . .

The analytic superfield V++ with gauge freedom δ
(0)
λ V++ = D++λ describes N = 2 vector

multiplet [(1), 2( 1
2
), 2(0)]:

V++
WZ =i(θ+)2ϕ− i(θ̄+)2ϕ̄− 4iθ+αθ̄+α̇Aαα̇

+ (θ̄+)2θ+αψi
α + (θ+)2θ̄+α̇ψ̄i

α̇u
−
i + (θ+)4D(ij)u−i u−j .

The V−− superfield is defined as the solution of the zero curvature equation

D++V−− = D−−V++.

The action is manifestly invariant under N = 2 supersymmetry (ϵ±α̂ := ϵiα̂u
±
i ):

δϵV
++ = 0, δϵq

+
a = 0,

which is realized on coordinates as:

δϵxαα̇ = −4i
(
ϵ−α θ̄

+
α̇ + θ+α ϵ̄

−
α̇

)
, δϵθ

+
α = ϵ+α, δϵθ̄

+
α̇ = ϵ̄+α̇.
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Hidden supersymmetry

SN=4 =
1

4

∫
d4xd8θdu V++V−− −

1

2

∫
dζ(−4)q+aD++q+a .

This action is invariant under global transformations

δεV
++ = (εαaθ+α + ε̄aα̇θ̄

+α̇)q+a ,

δεq
+
a = −

1

2
(D+)4

[
(εαa θ

−
α + ε̄aα̇θ̄

−α̇)V−−
]

with rigid fermionic parameters εαa and ε̄α̇a = ε̃αa. These transformations corresponds to
extra (hidden) supersymmetries.

Corresponding analytic N = 2 supercurrent:

J++a
α =

1

2
(D+)4

(
q+aθ−αV−−)

=
1

32
q+a(D+)2

(
θ−αW

)
≈

1

16
q+aD+

αW

satisfy conservation equation:
D++J++a

α ≈ 0.
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Hidden R symmetries

SN=4 =
1

4

∫
d4xd8θdu V++V−− −

1

2

∫
dζ(−4)q+aD++q+a .

There is another class of global symmetries [Buchbinder, Ivanov, Ivanovskiy 2020]:

δrV
++ = 2

(
r−a(θ+)2 + r̄−a(θ̄+)2

)
q+a ,

δrq
+
a = −

1

2
(D+)4

[{
r+a (θ−)2 − 2r−a (θ+θ−) + r̄+a (θ̄−)2 − 2r̄−a (θ̄+θ̄−)

}
V−−

]
with rigid parameters r±a = raiu±i . These transformations corresponds to hidden
R-symmetries and extend the R−symmetry group from SU(2)R × SU(2)PG to SU(4).

Corresponding analytic N = 2 supercurrent

J+a =
1

2
(D+)4

(
q+a(θ−)2V−−)

≈
1

8
q+aW +

1

8
q+aθ−αD+

αW

satisfy conservation equation:

D++J+a ≈ 2θ+αJ++a
α , (D++)2J+a ≈ 0.
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Hidden higher-spin supersymmetry

SN=4 =
1

4

∫
d4xd8θdu V++V−− −

1

2

∫
dζ(−4)q+aD++q+a .

Higher-spin supersymmetry:

δεV
++ = (−1)s∂sα(s)α̇(s)

[
(εα(s+1)α̇(s)aθ+α − ε̄α(s)α̇(s+1)aθ̄+α̇) q

+
a

]
,

δεq
+
a = −

1

2
(D+)4

[
(ε

α(s+1)α̇(s)
a θ−α − ε̄

α(s)α̇(s+1)
a θ̄−α̇ )∂sα(s)α̇(s)V

−−
]

with rigid fermionic parameters.

Corresponding analytic N = 2 higher-spin supercurrent:

J++a
α(s+1)α̇(s)

=
1

2
(D+)4

(
q+aθ−

(α
∂sα(s))α̇(s)V

−−
)
≈

1

16
q+aD+

(α
∂sα(s))α̇(s)W

satisfy conservation equation:
D++J++a

α(s+1)α̇(s)
≈ 0.
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Hidden higher-spin R symmetries

SN=4 =
1

4

∫
d4xd8θdu V++V−− −

1

2

∫
dζ(−4)q+aD++q+a .

Higher-spin R-symmetries:

δrV
++ = (−1)s∂sα(s)α̇(s)

[
2
(
rα(s)α̇(s)−a(θ+)2 + r̄α(s)α̇(s)−a(θ̄+)2

)
q+a

]
,

δrq
+
a = −

1

2
(D+)4

[{
r
α(s)α̇(s)+
a (θ−)2 − 2r

α(s)α̇(s)−
a (θ+θ−)

+ r̄
α(s)α̇(s)+
a (θ̄−)2 − 2r̄

α(s)α̇(s)−
a (θ̄+θ̄−)

}
∂sα(s)α̇(s)V

−−
]

with rigid parameters r±a
α(s)α̇(s)

= rai
α(s)α̇(s)

u±i .

Corresponding analytic N = 2 higher-spin supercurrent

J+a
α(s)α̇(s)

=
1

2
(D+)4

(
q+a(θ−)2∂sα(s)α̇(s)V

−−
)

≈
1

8
q+a∂sα(s)α̇(s)W +

1

8
q+aθ−αD+

α∂
s
α(s)α̇(s)W

satisfy conservation equation:

D++J+a
α(s)α̇(s)

≈ 2θ+αJ++a
α(s+1)α̇(s)

, (D++)2J+a
α(s)α̇(s)

≈ 0.
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Analytic N = 2 gravitino prepotentials

We introduce unconstrained analytic prepotentials h++α
a and h+++

a with gauge
transformations:

δλh
++α
a = D++λαa + 2θ+αλ+a , δλh

+++
a = D++λ+a .

One can construct the cubic interaction

Sint = −κ
∫

dζ−4
[
h+++aJ+

a + h++αaJ++
αa + ( ˜ conj)

]
.

Requirement of invariance under rigid N = 2 supersymmetry lead to supersymmetry
transformations of analytic prepotentials:

δϵJ+
a = 2ϵ−αJ++

αa , δϵJ++
αa = 0 ⇒ δϵh

++αa = −2ϵ−αh+++a, δϵh
+++a = 0.

Full action SN=4 + Sint is gauge invariant in the first order on coupling constant κ.

Due to the gauge invariance (in zero order in κ) of N = 2 supercurrents

δ
(0)
λ J++a

α =
1

2
(D+)4

(
q+aθ−αD−−λ

)
= 0, δ

(0)
λ J+

a =
1

2
(D+)4

(
q+a(θ−)2D−−λ

)
= 0

we obtain cubic ( 3
2
, 1, 1

2
) coupling, consistent in the leading order.
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Wess-Zumino type gauge

Using gauge freedom

δλh
++α = D++λα + 2θ+αλ+, δλh

+++ = D++λ+.

one can impose the Wess-Zumino type gauge:

h++α
WZ = (θ̄+)2ψα − 4iθ+β θ̄+β̇Ψα

ββ̇
+ 8i(θ+)2θ̄+β̇Cαi

β̇
u−i

+ (θ̄+)2θ+αF iu−i + (θ̄+)2θ+βFα)i
(β

u−i + (θ+)4Dα(ij)u−i u−j ,

h+++
WZ = (θ+)2θ̄+β̇ ρ̄β̇ − 4(θ̄+)2θ+βκβ + (θ+)4C iu−i .

In this gauge residual gauge freedom spanned by parameters:

λα = ϵα + 2θ+αc iu−i ,

λ+ = c iu+i + 2i θ̄+β̇ η̄β̇ + 4iθ+ρθ̄+ρ̇∂ρρ̇c
iu−i .

Residual gauge transformations acts on fields in the WZ gauge as:

δλC
i
ββ̇

= ∂ββ̇c
i , δλC

i = 2□c i , δλΨ
α
ββ̇

= ∂ββ̇ϵ
α + δβρ η̄ρ̇, δλκβ = ∂β̇β η̄β̇ .

Obtained transformations law means that C i
ββ̇

is the doublet of spin 1 gauge fields, Ψα
ββ̇

is

the conformal gravitino field.
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Other fields with non-trivial gauge transformations can be redefined in terms of Ψα
ββ̇

and

C i
ββ̇

fields and corresponds to auxiliary fields.

For the bosonic field C i the redefinition is given by

C i = 4∂ββ̇C i
ββ̇

+ G i

so we extract the auxiliary field G i .

For conformal gravitino, using parameter η̄α̇ (which can be interpreted as parameter of local
conformal supersymmetry) one can impose symmetric gauge for spin 3

2
field Ψ(ρβ)ρ̇. In this

gauge:

δΨ(αβ)α̇ = ∂(αα̇ϵβ) ⇒ κβ = −
1

6

(
∂αα̇Ψ(αβ)α̇

)
+ χβ .

As the result, we obtain off-shell content of the conformal spin 3
2
supermultiplet:

Gauge sector: Ψ(αβ)α̇,C
i
αα̇;

Non-gauge sector: ψα, ρα, χα,G
i ,F i ,F (αβ)i ,Dα(ij).

Total in the multiplet there are 32B + 32F off-shell degrees of freedom.

We fix the canonical dimension for the gravitino field [Ψ(αβ)α̇] =
3
2
, then the vector field has

non-canonical dimension [C i
αα̇] = 2. From here we obtain prepotential dimensions

[h++α] = 1
2
, [h+++] = 1 and coupling constant dimension [κ] = −1.

Zaigraev Nikita N = 2 half-integer higher spins
Moscow, February 18, 2025arxiv:2412.14822, accepted in Physics Letters B work in progress with E.A. Ivanov
12 / 18



Conformal gravitino action

Thus, from the dimensional analysis, it can be expected that the free N = 2 conformal
gravitino action in components contain conformal gravitino action with three derivatives and
standard Maxwell action for doublet of vector fields.

Desired gauge-invariant action for conformal gravitino can be constructed in terms of
gauge-invariant strengths:

Č(α̇β̇γ̇) := ∂α(α̇∂
β

β̇
Ψ(αβ)γ̇), Ĉ(αβγ) := ∂ρ̇

(α
Ψβγ)ρ̇,

S
3
2
conf =

∫
d4x

(
Ĉ (αβγ) ˇ̄C(αβγ) + Č(α̇β̇γ̇)

ˆ̄C (α̇β̇γ̇)
)
.
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Supersymmetry invariant superfields and zero curvature equations

Analytic prepotential h++α have nontrivial transformation law under rigid supersymmetry.
One can introduce supersymmetry invariant superfields:

G++α = h++α + 2θ−αh+++, G+++ = h+++.

Corresponding gauge transformations are

δλG
++α = D++Λα, δλG

+++ = D++Λ+,

were gauge parameters are defined as

Λα = λα + 2θ−αλ+, Λ+ = λ+.

As the solutions of zero curvature equations one can construct set of negatively charged
potentials:

D++G−−α = D−−G++α,

D++G−−+ = D−−G+++,

D++G−−− = G−−+.

Zero curvature equations are invariant under gauge transformations, accompanied by gauge
transformation laws of negatively charged potentials:

δλG
−−α = D−−Λα,

δλG
−−+ = D−−Λ+ − Λ−,

δλG
−−− = D−−Λ−,

where parameter Λ− satisfy equation D++Λ− = Λ+.
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N = 2 gravitino supercurvatures

Using negatively charged potentials one can construct two gauge-invariant superfield
strengths:

Ŵα = (D̄+)2G−−
α , ˇ̄Wα = (D̄+)2H̄−−

α .

Second superstrength have interesting geometric structure, analogous to structure of
linearized N = 2 super Weyl tensor [Ivanov, N.Z. 2024]. We start with composite object,
which satisfy ”half-analyticity” condition:

H̄++
α = ∂αα̇Ḡ

++α̇ +
i

2
D−

α Ḡ+++, D̄+
α̇H̄

++
α = 0.

Using zero curvature equation, one construct H̄−−
α

D++H̄−−
α = D−−H̄++

α ⇒ H̄−−
α = ∂αα̇Ḡ

−−α̇ +
i

2
D−

α Ḡ−−+ −
i

2
D+

α Ḡ
−−−.

• Harmonic independence:

D±±Ŵα = 0, D±± ˇ̄Wα = 0.

• Chirality:

D̄±
α̇ Ŵα = 0, D̄±

α̇
ˇ̄Wα = 0.
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N = 2 superfield action

Since dimensions of superfield strength [Ŵα] =
3
2
, [ ˇ̄Wα] =

5
2
we obtain component

composition in the gauge sector:

Ŵα ∼ θ+(βθ−γ)Ĉ(αβγ) + (θ−)2θ+βF i
(αβ)u

+
i + (θ+)2θ−βF i

(αβ)u
−
i + . . . ,

ˇ̄Wα ∼ θ+βF̄ i
(αβ)u

−
i − θ−βF̄ i

(αβ)u
+
i + θ+(βθ−γ) ˇ̄C(αβγ) + . . . .

Since Ŵα and ˇ̄Wα are chiral superstrengths, we can construct invariant action in chiral
superspace:

S =

∫
d4xd4θ Ŵα ˇ̄Wα + c.c.

In gauge sector, this action gives (up to numerical coefficients):

S =

∫
d4x

(
Ĉ (αβγ) ˇ̄C(αβγ) + F (αβ)

i F̄ i
(αβ)

)
+ c.c.

The action can be presented in a different form – as the integral over full harmonic
superspace:

S =

∫
d4xd8θdu

[
G++αH̄−−

α − Ḡ++
α̇ H−−α̇

]
.
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Supertwistors and harmonic geometry

We introduce auxiliary coordinates Ψα and ω+:

D++
gravitino = D++ + h++α(ζ)

∂

∂Ψα
+ h+++(ζ)

∂

∂ω+
− 2θ+αω+ ∂

∂Ψα
+ ˜ conj..

Gauge transformations can be generated using analytic differential operator, which generate
auxiliary coordinate translations:

Λ̂ = λα
∂

∂Ψα
+ λ+

∂

∂ω+
+ ˜ conj.

Then in full analogy with N = 2 higher spins [Buchbinder, Ivanov, N.Z. 2022] :

δλD
++
gravitino = [D++, Λ̂] = D++λα

∂

∂Ψα
+D++λ+

∂

∂ω+
+ 2θ+αλ+

∂

∂Ψα
.

Rigid N = 2 supersymmetry transformations can be obtained if we require supersymmetry
transformation laws for auxiliary coordinates:

δϵΨ
α = −2ϵ−αω+, δϵω

+ = 0

and require supersymmetry invariance of harmonic derivative:

δϵD
++
gravitino = 0.

These additional coordinates can be interpreted as supertwistors [Ferber 1977].
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Outlook

® Conformal compensators and non-conformal half-integer N = 2 higher spins

® Massive N = 4 vector multiplet in the harmonic superspace and higher-spin supercurrents

® N = 2 AdS supermultiplets in harmonic superspace (talk by E. Ivanov)

® Massive N = 2 higher spins (Stueckelberg mechanism)

Thank you for your attention!
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