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From string theory we know that the real
world has eight supersymmetries,

In this talk, we will restrict ourselves to

N = 2

N = 1

N = 8

N = 0

N = 1
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N=2 Algebra

Folk Theorem:

Partial supersymmetry breaking
appears impossible …. ?

{Qα, Q̄α̇} = 2σmαα̇Pm

{Sα, S̄α̇} = 2σmαα̇Pm

“ ⇒ ”

⇒
⇒

Q |0〉 = Q̄ |0〉 = 0

H |0〉 = 0

(S̄S + SS̄) |0〉 = 0

S |0〉 = S̄ |0〉 = 0
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Loopholes:

●   Spontaneously broken charges 
don’t exist

{Q̄α̇, J
1
αm} = 2σnαα̇ Tmn

{S̄α̇, J2
αm} = 2σnαα̇ (v4ηmn+ Tmn)

●   In covariantly-quantized supergravity
theories, the Hilbert space does not
have positive norm.

ψ mα is a “gauge field.”
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Examples:

●   Branes

●   Nonlinear realizations

●   Linear realizations

N=1 supersymmetric 3-brane in D=6
(Hughes, Liu and Polchinski)

Chiral and vector Goldstone multiplets
(Bagger and Galperin)

N=2 vector multiplet
(Antoniadis, Partouche and Taylor)
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Questions:

●   How does partial breaking work in the
presence of gravity?

●   How does partial breaking work in the
presence of a cosmological constant?

Tmn

v4ηmn+ Tmn

Λ 6= 0

Ferrara,
Girardello,
Porrati;
Zinov’ev

Cecotti,
Girardello,
Porrati
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In this talk we’ll focus on the theories
with nonlinear realizations.  We’ll couple
them to supergravity – to lowest non-
trivial order.

We’ll find

●   This representation gives rise to a 
new N=2 supergravity and a new N=2
supersymmetry algebra.

●   Partial breaking in AdS space can
also give rise to a new N=2 algebra….

●   Partial breaking in flat space 
motivates a new representation for
the N=1 massive spin-3/2 multiplet.
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Technique:

●   Construct the Lagrangian and super-
symmetry transformations for the
massive spin 3/2 multiplet.

●   Unhiggs the representation by adding
appropriate Goldstone fields and 
coupling to gravity.

We’ll see that the basic technique is the
same in flat and AdS space….
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


3
2

1 1
1
2




The massive N=1 spin-3/2 multiplet
contains the following spins:

●   The traditional representation 
contains one spin-3/2 fermion, one
spin-1/2 fermion, and two vectors, 
all with identical mass.

●    An alternative representation has
with the same fermions, but just 
one vector and one antisymmetric 
tensor.

Each multiplet has a role to play in
the theory of partial supersymmetry
breaking!
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Traditional Representation:

Lagrangian

Transformations

where

Ferrara,van
Nieuwenhuizen

L = εmnρσ ψ mσn∂ρψ σ − iζσm∂mζ −
1

4
AmnĀmn

− 1

2
m

2AmĀm

+
1

2
mζζ + h.c.

− m ψ mσ
mn ψ n + h.c.

δηAm = 2ψ mη − i
2√
3
ζ̄σ̄mη−

2√
3m

∂m(ζη)

δηζ =
1√
3
Āmnσ

mnη − i
m√

3
σmη̄Am

δη ψ m =
1

3m
∂m(Ārsσrsη + 2imσnη̄An)

− i

2
(H+mnσ

n +
1

3
H−mnσ

n)η̄

− 2

3
m(σm

nĀnη + Āmη)

Am = Am + iBm

H±mn = Amn ±
i

2
εmnrsArs
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New Representation:

Lagrangian

Transformations

L = εpqrs ¯ψ pσ̄q∂r ψ s − iζ̄σ̄m∂mζ −
1

4
AmnA

mn +
1

2
vmvm

− 1

2
m

2
AmAm − 1

4
m

2
BmnBmn

+
1

2
mζζ + h.c.

− m ψ mσ
mnψ n + h.c.

δηAm = (ψ mη + ¯ψ mη̄)+
i√
3
(η̄σ̄mζ − ζ̄σ̄mη)−

1√
3m

∂m(ζη + ζ̄ η̄)

δηBmn =
2√
3


ησmnζ +

i

2m
∂[mζ̄σ̄n]η


 + h.c.

+ iησ[m
¯ψ n] +

1

m
ηψ mn + h.c.

δηζ =
1√
3
Amnσmnη −

im√
3
σmη̄Am −

1√
3
mσmnηBmn − 1√

3
vmσmη̄

δη ψ m =
1

3m
∂m (Arsσ

rsη + 2imσnη̄An)−
i

2
(HA

+mnσ
n +

1

3
HA
−mnσ

n)η̄

− 2

3
m(σm

nAnη +Amη)

+
1

3m
∂m (2vnσnη̄−mσrsηBrs)−

2i

3
(vm + σmnvn)η

− im

3
(Bmnσ

nη̄ + iεmnrsB
nrσsη̄)
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vm =
1

2
εmnrs∂

nBrs

where

To unhiggs the representations we need
to add Goldstone and gauge fields.

Which ones?
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Chiral multiplet:

Two Goldstone scalars suggest that
we need two vectors….

One vector is the N=2 graviphoton
and the other is N=1 matter.

[
δη2 , δη1

]
φ = 2v2 η2η1

(
2
3
2

)
( 3

2

1

)
(

1
1
2

)
(

2

0 0

)

   N=2 supergravity         N=1 matter

1
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Lagrangian

Transformations m = κv2

Irreducible
representation!

e
−1L =

− 1

2κ2
R+ εmnrs ψ miσnDr ψ

i
s − iχ σmDmχ− iλσmDmλ−DmφDmφ

− 1

4
AmnAmn − 1√

2
m(ψ

2
mσ

mλ + h.c.)−m(i ψ
2
mσ

mχ + h.c.)

−
√

2m(iλχ + h.c.)− 1

2
m(χχ + h.c.)−m (ψ

2
mσ

mn ψ
2
n + h.c.)

− κ

4
(εij ψ

i
mψ

j
nH

mn
+ + h.c.)− κ√

2
(χσmσn ψ

1
mDnφ + h.c.)

− κ

2
√

2
(λσm ψ

1
nH

mn
− + h.c.)− κ√

2
εmnrs(ψ m2σn ψ

1
rDsφ + h.c.)

δeam = iκ(ηiσaψ mi + η̄iσ̄
aψ i

m)

δψ i
m =

2

κ
Dmηi

+


− i

2
Ĥ+mnσ

n
η1 +

√
2Dmφη

1−κψ
1
m(χ̄η̄1) + iv

2
σmη2


 δ2

i

δAm = 2εij ψ
i
mη

j +
√

2λσmη
1

δλ =
i√
2
Âmnσmnη

1− i
√

2v
2
η

2

δχ = i
√

2σ
mD̂mφη1 + 2v

2
η

2

δφ =
√

2χη
1
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where

and

Supercovariant!

Am = Am + iBm

Amn = ∂mAm − ∂nAm

H±mn = Amn ±
i

2
εmnrsArs

D̂mφ = ∂mφ−
κ√
2
ψ

1
mχ−

1√
2
κv

2Am

Âmn = Amn +κψ
2
[m ψ

1
n]−

κ√
2
λ̄σ̄[nψ

1
m]
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Vector multiplet:

One Goldstone vector suggests that
we need one antisymmetric tensor….

(
2
3
2

)
( 3

2

1

)
(

1
1
2

)

  N=2 supergravity        N=1 matter




0
1
2

0




The real scalar in the linear multiplet
suggests that we also need one real
vector….

[
δη2 , δη1

]
Bm = 2iv2 (η2σmη̄

1 − η1σmη̄
2)
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Lagrangian

Transformations m = κv2

Irreducible
representation!

e
−1L =

− 1

2κ2
R+ ε

pqrs ¯ψ piσ̄qDr ψ
i
s− iχ̄σ̄

m
Dmχ− iλ̄σ̄

m
Dmλ

− 1

2
DmφDmφ−

1

4
FA
mnFAmn− 1

4
FB
mnFBmn +

1

2
vmvm

− 1√
2
m (ψ

2
mσ

mλ̄ + h.c.)−m(iψ
2
mσ

mχ̄ + h.c.)

−
√

2m(iλχ + h.c.)− 1

2
m(χχ + h.c.)−m (ψ

2
mσ

mn ψ
2
n + h.c.)

− κ

2
√

2
(εij ψ

i
m ψ

j
nFAmn

− + h.c.)− κ

2
(χσmσ̄nψ

1
mDnφ + h.c.)

− κ

2
(λ̄σ̄m ψ

1
n
FBmn

+ + h.c.)− κ

2
(εpqrs ¯ψ

2
pσ̄q ψ

1
r
Dsφ + h.c.)

+ i
κ

2
(χσmσ̄nψ

1
mvn + h.c.) + i

κ

2
(εpqrs ¯ψ

2
pσ̄q ψ

1
rvss + h.c.)

δηeam = iκ(ηiσa ψ mi + η̄iσ̄a ψ i
m)

δη ψ
1
m =

2

κ
Dmη

1

δηAm =
√

2εij(ψ i
mη

j + ¯ψ imη̄
j)

δηBm = η̄
1
σ̄mλ+ λ̄σ̄mη

1

δηBmn = 2η
1
σmnχ + h.c.

+ i η
1
σ[m

¯ψ
2
n] + iη

2
σ[m

¯ψ
1
n] + h.c.



18

and

where

Dmφ = ∂mφ−
m√

2
(Am + Bm)

FA
mn = ∂[mAn] +

m√
2
Bmn

FB
mn = ∂[mBn] −

m√
2
Bmn

D̂mφ = Dmφ−
κ

2
(ψ

1
mχ+ ¯ψ

1
mχ̄)

F̂A
mn = FA

mn +
κ√
2
(ψ

2
[m ψ

1
n] + ¯ψ

2
[m

¯ψ
1
n])

F̂B
mn = FB

mn−
κ

2
(λ̄σ̄[n ψ

1
m] + ¯ψ

1
[mσ̄n]λ)

v̂m = vm + (iκψ
1
nσm

nχ + h.c.) + (−iκ

2
εm

nrs ψ
1
nσr ¯ψ

2
s + h.c.)

Supercovariant!

δηλ = i F̂B
mnσ

mnη
1− i

√
2v

2
η

2

δηχ = iσmη̄
1D̂mφ− v̂mσ

mη̄
1
+ 2v

2
η

2

δη ψ
2
m =

2

κ
Dmη

2
+ iv

2
σmη̄

2− i√
2
F̂A

+mnσ
n
η̄

1

+ D̂mφη
1
+ κ

(

( ¯ψ
1
mχ̄)η − (χ̄η̄)ψ

1
m

)
− i v̂mη

1

δηφ = χη
1
+ χ̄η̄

1
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These Lagrangians have N=2 supersymmetry

●   N=1 realized linearly – not broken

●   N=2 realized nonlinearly – broken!

From the transformations we see

It is the Goldstone fermion for N=2
supersymmetry, spontaneously
broken to N=1.

●   does not shiftζ =
1√
3
χ+ i

√
2λ

●   does!ν =
1√
3
λ− i

√
2χ
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The complex scalar       is the Goldstone
boson for a gauged central charge.

Moreover, in the unitary gauge,

The Lagrangian reduces to the usual
representation for the massive N=1
spin-3/2 multiplet.

In the chiral case,

φ

φ = ν = 0

[
δη2 , δη1

]
φ = 2v2 η2η1

[
δη2 , δη1

]
Am =

2

κ
∂mη

2η1
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In the vector case,

The real vector            is the Goldstone
boson for a gauged vectorial central
extension of the N=2 algebra.

Bm

In addition, the real scalar       is the
Goldstone boson for a gauged central
charge.

φ

In the unitary gauge, with

The Lagrangian reduces to the new
representation for the massive N=1
spin-3/2 multiplet.

φ = Bm = ν = 0

[
δη2 , δη1

]
Bm = 2iv2 (η2σmη̄

1 − η1σmη̄
2)

[
δη2 , δη1

]
Bmn =

2i

κ
∂[m(η2σn]η̄

1 − η1σn]η̄
2)
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In each case, the second supercurrent is

Computing, one finds

{ Q̄α̇, J
1
mα } = 2 σnαα̇ Tmn

{ S̄α̇, J2
mα } = 2 σnαα̇ Tmn

Because of the second gravitino,

The supergravity couplings exploit the
second loophole to the no-go theorem!

〈0| (S̄S +SS̄) |0〉 = 0

S |0〉 6= 0 S̄ |0〉 6= 0

even though

J2
mα = v2 (

√
6i σαα̇mν̄

α̇ + 4σαβmnψ
2nβ)
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Note:

The chiral case is a truncation of the
supergravity coupling found by Ferrara,
Girardello and Porrati and by Zinov’ev.

(Their results were based on linear N=2
supersymmetry,  They involved N=2
vector and hyper multiplets.)

The couplings presented here are minimal
and model-independent. 

They describe the superHiggs effect in
the low-energy effective theories that result
from partial supersymmetry breaking….

The vector case is completely new.
It contains a new realization of N=2
supergravity.
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Partial Breaking in AdS Space:

OSP(2,4) algebra

How does partial breaking work in AdS space?

As Λ → 0

Rm → Pm

T → one real central
charge….

{Qi
α, Q̄jβ̇} = 2σaαβ̇Raδ

i
j

{Qi
α, Q

βj} = 2iΛσabα
β
Mabδ

ij + 2iδα
βεijT

[
Mab, Q

i
]

= −iσabQ
i

[
Ra, Q

i
]

=
1

2
ΛσaQ̄i

[
T ij, Qk

]
= iΛ(δjkQi − δikQj)
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To construct the coupling, follow the
same procedure….

Start with the massive N=1 spin-3/2
multiplet in AdS space.

D(E + 1
2 ,

3
2) ⊕ D(E, 1) ⊕

D(E + 1,1) ⊕ D(E + 1
2 ,

1
2)

where                   andE > 2

U (1)× SU(2) ⊂ SO(3, 2)

D(E,s)                 denotes the eigenvalues under
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e
−1L = e

−1
ε
mnrs

ψ mσn∇r ψ s − iζσ
m∇mζ −

1

4
AmnA

mn− 1

4
BmnB

mn

− 1

2
(m

2 −mΛ)AmA
m− 1

2
(m

2 + mΛ)BmB
m

+
1

2
mζζ + h.c.

− m ψ mσ
mn
ψ n + h.c.

δηAm =
√

1 + ε(ψ mη+ ¯ψ mη̄)

+
1√

1− ε

(

i
1√
3
(1− ε)(η̄σ̄mζ − ζ̄σ̄mη)−

1√
3m

∂m(ζη + ζ̄ η̄)

)

δηBm =
√

1− ε(−iψ mη + i¯ψ mη̄)

+
1√

1 + ε

(
− 1√

3
(1+ ε)(η̄σ̄mζ + ζ̄σ̄mη) +

i√
3m

∂m(ζη − ζ̄η̄)

)

δηζ =
√

1− ε(
1√
3
Amnσ

mn
η − i

m√
3
σ
m
η̄Am)

+
√

1 + ε(−
i√
3
Bmnσ

mn
η +

m√
3
σ
m
η̄Bm)

δη ψ m =
1√

1 + ε

(
1

3m
∇m(Arsσ

rs
η+ 2imσ

n
η̄An)−

i

2
(H

A
+mnσ

n +
1

3
H

A
−mnσ

n)η̄

− 2

3
m(σm

n
Anη+ Amη)−

i

2
εH

A
+mnσ

n
η̄ − εmAmη

)

+
1√

1− ε

( −i

3m
∇m(Brsσ

rs
η− 2imσ

n
η̄Bn)+

1

2
(H

B
+mnσ

n +
1

3
H

B
−mnσ

n)η̄

+
2

3
im(σm

n
Bnη+Bmη)−

1

2
εH

B
+mnσ

n
η̄ − iεmBmη

)

Lagrangian

Transformations

Λ 6= 0

ε := Λ/m m := (E − 1)Λ

E > 2 ⇒ 0 ≤ ε ≤ 1



27

To unhiggs, note that

E → 2

D(E + 1
2 ,

3
2) ⊕ D(E, 1) ⊕

D(E + 1,1) ⊕ D(E + 1
2 ,

1
2)

●   The             must be broken because

D( 5
2 ,

3
2) ⊕ D(2, 1) ⊕ D(3, 1) ⊕ D(5

2 ,
1
2)

⊕ D(3
2 ,

1
2 ) ⊕ D(3,0)

massless spin-3/2               massive spin-1

OSP (1, 4) × U (1)●   The symmetry is

U (1)
E > 2
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Lagrangian

e
−1L =

− 1

2κ2
R+ εmnrs ψ imσnDr ψ

i
s − iλσmDmλ− iχσmDmχ

− 1

4
AmnAmn− 1

4
BmnBmn − 1

2
DmφADmφA−

1

2
DmφBDmφB

− 1√
2
m
√

1− ε2( ψ
2
mσ

mλ + h.c.)−m
√

1− ε2(iψ
2
mσ

mχ + h.c.)

−
√

2m(iλχ + h.c.)− 1

2
m(χχ + h.c.)

− (mψ
2
mσ

mn
ψ

2
n + h.c.) + (εmψ

1
mσ

mn
ψ

1
n + h.c.)

− κ

4
εij ψ im ψ

j
n(
√

1 + εHmn
A− − i

√
1− εHmn

B−) + h.c.

− κ

2
χσmσn ψ

1
m(DnφA − iDnφB) + h.c.

− κ

2
√

2
λσm ψ

1
n(
√

1− εH
mn
A+ − i

√
1 + εH

mn
B+) + h.c.

− κ

2
εmnrs

√√√√√1− ε

1 + ε
ψ m2σn ψ

1
r(∂sφA− i∂sφB) + h.c.

+
κ

2
mεmnrs ψ m2σn ψ

1
r(
√

1 + εAs − i
√

1− εBs) + h.c.

+ 2κεm

√√√√√1− ε

1 + ε
¯ψ m2σ̄

mn ¯ψ n1φA + h.c.

− κεm√
2
λ̄σ̄m ψ

1
mφA + h.c.

− iκεmχ̄σ̄m ψ
1
mφA + h.c.

+ 3
ε2m2

κ2
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Transformations

δηe
a
m = iκηiσaψ mi + iκη̄iσ̄

aψ i
m

δη ψ
1
m =

2

κ
Dmη

1
+ i

εm

κ
σmη̄

1

δηAm =
√

1 + εεij(ψ
i
mη

j
+ ¯ψ

i
mη̄

j
) +

√
1− ε

1√
2
(η̄

1
σ̄mλ+ λ̄σ̄mη

1
)

δηBm =
√

1− εεij(−iψ imη
j + i ¯ψ imη̄

j) +
√

1 + ε
i√
2
(η̄

1
σ̄mλ− λ̄σ̄mη

1
)

δηλ = i
√

1− ε
1√
2
Âmnσ

mn
η

1
+
√

1 + ε
1√
2
B̂mnσ

mn
η

1

+
√

2iεmφAη
1− i

√
2
m

κ

√
1− ε2η

2

δηχ = iσnη̄
1D̂nφA−σnη̄

1D̂nφB − 2εmφAη
1

+ 2
m

κ

√
1− ε2η

2

δη ψ
2
m =

2

κ
Dmη

2
+ i

m

κ
σmη̄

2

− i

2

√
1 + εĤA

+mnσ
nη̄

1 −m
√

1 + εAmη
1

+
1

2

√
1− εĤB

+mnσ
nη̄

1
+

√√√√√1− ε

1 + ε
(∂mφA− iDmφB)η

1

− κ

2

√√√√√1− ε

1 + ε
ψ

1
m(δη1φA− iδη1φB)

− iεm

√√√√√1− ε

1 + ε
φAσmη̄

1

δηφA = χη
1
+ χ̄η̄

1
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where

and

DmφA = ∂mφA−m
√

1− εAm

DmφB = ∂mφB−m
√

1 + εBm

D̂mφA = ∂mφA−m
√

1− εAm −
κ

2
(ψ

1
mχ+ ¯ψ

1
mχ̄)

D̂mφB = ∂mφB−m
√

1 + εBm + i
κ

2
(ψ

1
mχ− ¯ψ

1
mχ̄)

Âmn = Amn +
κ

2

√
1 + ε( ψ

2
[m ψ

1
n] + ¯ψ

2
[m

¯ψ
1
n])

−
√

1− ε
κ

2
√

2
(λ̄σ̄[nψ

1
m] + ¯ψ

1
[mσ̄n]λ)

B̂mn = Bmn− i
κ

2

√
1− ε(ψ

2
[m ψ

1
n] − ¯ψ

2
[m

¯ψ
1
n])

+i
√

1 + ε
κ

2
√

2
(λ̄σ̄[nψ

1
m]− ¯ψ

1
[mσ̄n]λ)
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●   In unitary gauge, it reduces to the
massive case.

κ, v, Λ

m =
√

Λ2 + κ2v4

ε = Λ/m 0 ≤ ε ≤ 1

The couplings depend on

with

This Lagrangian describes the spontaneous
breaking of N=2 to N=1 in AdS space.

●   It has supersymmetry and gauge
symmetry
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Limits:

●                   fixedΛ → 0, κ, v ε→ 0

κ → 0, v, Λ ε→ 1●                   fixed

➜    previous case, flat space

➜    partially broken N=2 supersymmetry
in a fixed AdS background
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Manifold of Supergravities

N=2 supersymmetry
in AdS space

N=2 supergravity
in flat space

N=2 supergravity
in AdS space



34

[
δη2 , δη1

]
φA = 2v2(η1η2 + η̄1η̄2)

[
δη2, δη1

]
Am = 0

[ ]
δη2 , δη1 φB = −2iv2(η1η2 − η̄1η̄2)

[
δη2, δη1

]
Bm = −

√
2iv2 ∂m

m
(η1η2 − η̄1η̄2)

Algebra?

AdS

U(1)

NONLINEARLY REALIZED!

OSP (2,4)× U(1) semi-direct
product!

κ→ 0

When                    the symmetry algebra isv, Λ 6= 0
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This construction evades

Coleman-Mandula
Haag, Sohnius, Lupusanski

because the broken changes don’t
exist!

The

symmetry only exists at the level of
the current algebra!

always broken!U (1)

OSP (2,4)× U(1)
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Summary:  In this talk we have

●   Unhigged this representation and 
found a new N=2 supergravity and a
new N=2 supersymmetry algebra.

●   Discovered the partial breaking in 
AdS space can also give rise to a 
new N=2 algebra….

●   Studied partial breaking in flat space
and found a new representation for
the N=1 massive spin-3/2 multiplet.

Brane interpretation?


