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− χiψ
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2
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The N world line supergravity multiplet contains

■ the enbein e which gauges worldline translations
■ gravitini χi which gauges worldline susy
■ gauge field aij which gauges SO(N) symmetry

OBJECTIVE: we want to study the partition function on the circle

Z ∼

∫

T1

DXDG

Vol (Gauge)
e−S[X,G]
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δaij = α̇ij + αimamj + αjmaim

We take fermions and gravitino with antiperiodic boundary condition (ABC)

⇓
gravitinos can be completely gauged away

Our gauge choice

e → β ∈ [0,∞)

χi → 0

aij → âij(θk) with θk ∈ [0, 2π]

fixes the supergravity multiplet up to some moduli

■ β is the usual proper time
■ âij(θk) is some block diagonal matrix we discuss later



Gauge fixed partition function

Summary

SO(N) spinning
particle model

Gauge fixing

Gauge fixed partition
function

Even N

Odd N

Dof(D, N)

Pashnev and Sorokin
model

Dof(D, P S)

Conclusion

Outlook

The end

Higher spin from a worldline prespective hep-th/0701055 5 / 13

The gauge fixed partition function reads

Z = −
1

2

∫
∞

0

dβ

β

∫
dDx

(2πβ)
D
2

KN

r∏

k=1

∫ 2π

0

dθk

2π
Det (∂τ − âvec)
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♮ this is a normalization factor we will discuss
later
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♭ determinants of the susy ghosts and Majorana
fermions which all have antiperiodic boundary condi-
tions (ABC) and transform in the vector representation
of SO(N)
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k=1

∫ 2π

0

dθk

2π
Det (∂τ − âvec)

D
2
−1

ABC
Det′ (∂τ − âadj)P BC

⋄ This determinant is due to the ghosts for the SO(N)
gauge symmetry; they transform in the adjoint rep-
resentation and have periodic boundary conditions
(PBC). It’s indicated by Det’ because it contains zero
modes we have to exclude from the determinant
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THIS LINE COMPUTES THE NUMBER OF DE-
GREES OF FREEDOM (Dof) NORMALIZED TO
ONE FOR A REAL SCALAR FIELD
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âij =







0 θ1 . 0 0
−θ1 0 . 0 0
. . . . .
0 0 . 0 θr

0 0 . −θr 0







r =
N

2
= SO(N) rank

Using large gauge transformation ⇒ θr ∼ θr + 2πn θk=angles

⋄ Det′ (∂τ − âadj)P BC
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For N = 4 the gauge group is SO(4) = SU(2) × SU(2). In the literature,
by Pashnev and Sorokin, also the model with a factor SU(2) gauged and
the other SU(2) left as a global symmetry has been considered
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For N = 4 the gauge group is SO(4) = SU(2) × SU(2). In the literature,
by Pashnev and Sorokin, also the model with a factor SU(2) gauged and
the other SU(2) left as a global symmetry has been considered.

Quantization of this model seems to produce an inconsistency:

Dirac operatorial quantization

seems to describe

■ three scalar
■ a spin 2

Dof(D = 4, PS) = 5

Gupta Bleuler quantization

seems to describe

■ two scalar
■ a spin 2

Dof(D = 4, PS) = 4
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In this case the number of degrees of freedom is given by

Dof(D,PS) =
1

2

∫ 2π

0

dθ

2π
(2 cos

θ

2
)2(D−2)(2 sin θ)2 =
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In this case the number of degrees of freedom is given by

Dof(D,PS) =
1
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)2(D−2)(2 sin θ)2 =
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OBSERVATION:

■ Our analysis gives 5 degrees of freedom in D = 4, corresponding
presumably to a graviton and three scalars.
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In this case the number of degrees of freedom is given by

Dof(D,PS) =
1

2

∫ 2π

0

dθ

2π
(2 cos

θ

2
)2(D−2)(2 sin θ)2 =

2D−1(2D − 3)!!

D!

D Dof
2 1
3 2
4 5
5 14
. .
. .

OBSERVATION:

■ Our analysis gives 5 degrees of freedom in D = 4, corresponding
presumably to a graviton and three scalars.

■ The latter is non vanishing for any space-time dimension D, implying
that - in this case - odd-dimensional models are non empty.
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■ We have studied the one-loop quantization of spinning particles with a
gauged SO(N) extended supergravity on the worldline, propagating on
flat target space
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■ We have studied the one-loop quantization of spinning particles with a
gauged SO(N) extended supergravity on the worldline, propagating on
flat target space

■ We have obtained the measure on the moduli space of the SO(N)
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■ We have studied the one-loop quantization of spinning particles with a
gauged SO(N) extended supergravity on the worldline, propagating on
flat target space

■ We have obtained the measure on the moduli space of the SO(N)
■ and we have used it to compute the propagating physical degrees of

freedom
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■ We have studied the one-loop quantization of spinning particles with a
gauged SO(N) extended supergravity on the worldline, propagating on
flat target space

■ We have obtained the measure on the moduli space of the SO(N)
■ and we have used it to compute the propagating physical degrees of

freedom
■ We have also studied the N = 4 case with an SU(2) symmetry left as a

global one and shown that this propagate 5 degrees of freedom in
D = 4 corresponding probably to 3 scalars and a spin 2 field
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■ Would be interesting to study the one-loop partition function of this
model coupled to Ads background
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■ Would be interesting to study the one-loop partition function of this
model coupled to Ads background

■ and study from the worldline point of view how one could introduce
more general couplings.
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■ Would be interesting to study the one-loop partition function of this
model coupled to Ads background

■ and study from the worldline point of view how one could introduce
more general couplings.

■ One could also enlarge the analysis to osp(2p,Q) spinning particle and
try to understand if they are related to partially massless HS in AdS



The end

Summary

SO(N) spinning
particle model

Gauge fixing

Gauge fixed partition
function

Even N

Odd N

Dof(D, N)

Pashnev and Sorokin
model

Dof(D, P S)

Conclusion

Outlook

The end

Higher spin from a worldline prespective hep-th/0701055 13 / 13

THANK YOU FOR YOUR ATTENTION
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