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Massless Spin-2 Massless Spin-2

Massless Spin-2 and Gravitation

We expect gravity to be mediated by a massless field g of a given spin.
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Massless Spin-2 Massless Spin-2

Massless Spin-2 and Gravitation

We expect gravity to be mediated by a massless field g of a given spin.

© Fermions are ruled out (AJ = +1/2 or wrong radial dependence)
©@ Spin 0 boson does not deviate light (couples to the trace)
© Spin 2n — 1, Vn € Z alike charges repel.

© Linear Spin 2 wrong Mercury perihelion (corrected by
non-linearities).
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Massless Spin-2 Massless Spin-2

TDiff Gauge Symmetry and Massless Spin-2

@ Massless particle of spin-2: 2 polarizations.

@ To describe them with atensorh,, =2®1®0® 0, a gauge
symmetry is required.
@ The minimal is TRANSVERSE (linear) Diff.

huu ~ huu + a(,u,fz/ﬁ aufu =0
van der Bij, van Dam & Ng, 81

They leave h = 7/”h,,, invariant.
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Transverse Gauge Symmetry and Spin-2 TDiff Lagrangians

TDiff Lagrangians from Consistency

The most general covariant massless lagrangian for h,, is

1
L = Zauh"pa#hypfg
+ ga“haphup—gauhaﬂh

d,h"d,hY
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Transverse Gauge Symmetry and Spin-2 TDiff Lagrangians

TDiff Lagrangians from Consistency

The most general covariant massless lagrangian for h,, is

1
L = Zauh"paﬂhypfg
+ ga“haphup—gauhaf‘h

d,h"d,hY

D.o.f
hogo = 2A
ho = 0B+V,
hij = _2¢6ij I ZaajE aF 280 Fj) + tij

W|th aiFi = aiVi = alt” = tii = O

£ =1 from ghost free vectors Fi, V; = TRANSVERSE Diff..
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Transverse Gauge Symmetry and Spin-2 TDiff Lagrangians

Ghost and Tachyon Free TDiff Lagrangians

1 1
Lm = Z0,0"70"h,, — S0,h" 0,7
a b 1

+ 50'h0’hy, — 20,h0"h Em2h2

v Massive Spin-0 of mass m.
tj :  Massless Spin-2.

Forn # 2,

_ _1\a2
b<1 2a+(n—1)a m2

< no o Mo
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Transverse Gauge Symmetry and Spin-2 TDiff Lagrangians

Ghost and Tachyon Free TDiff Lagrangians

1 1
Lm = Z0,0"70"h,, — S0,h" 0,7
a b 1

+ 50'h0’hy, — 20,h0"h Em2h2

v Massive Spin-0 of mass m.
tj :  Massless Spin-2.

Forn # 2,

1-2a+(n—1)a?
+ ( ) m?2

b <

< no o Mo

@ Phenomenology: standard scalar-tensor (m ~ (30m)~ %)  wil, 05
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Transverse Gauge Symmetry and Spin-2 TDiff Lagrangians

Ghost and Tachyon Free TDiff Lagrangians

1 v 1 v
Lo = Z0.0700"h,, — SO,0"00, 0y

+ 20"hovh,, - D 5.hovh — %mzhz

2
Y - Massive Spin-0 of mass m.
tj - Massless Spin-2.

Forn # 2,

_ _1\a2
b<1 2a+(n—1)a

2
0.
< n-2) , m° >

@ Phenomenology: standard scalar-tensor (m ~ (30m)~%)  wil, 05
@ Pure spin-2
1-2a+(n-1)a
b=
(n-2)
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Transverse Gauge Symmetry and Spin-2 TDiff Lagrangians

Pure Spin-2 Lagrangians

Two INEQUIVALENT Lagrangians which only propagate massless
spin-2 (and enlarged JLIE

@ Fierz-Pauli (GR): a = b = 1 (and field redefinitions h,, — h,, + Ahn,,).
: Diff
ohu = 20,8,
Only possibility for massive spin-2.
van Nieuwenhuizen, 73
® WTDIff: a = 2, b = 12,
: Weyl & TDiff

5h,uzx - 26(M§V), a“f,u =0, 6hw/ - 2"7#1/925-
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Non-linear Extension

TDiff Non-Linear Extension

@ Most natural NLinear extension:
Invariant h — g = detg,,, Invariant

S[gu¥] = J X (~0(g, $)R (@0) + L9, . 6,0]) J

guu = ‘glil/nguy- )
o Invariant under Diff. of J = detg—§ = 1. (TDiff)
@ Constraint by the linear analysis.

E.o.m.: Scalar-Tensor.

Einstein’s frame: §,, = ¢4,
Buchmuller & Dragon , 88

G/LV(@/W) = "'ﬂ_—uz/(gv Q/)) + Aguu-

@ g as a scalar.

@ A is an integration constant.

D. Blas (UB) Gauge symmetry and spin-two 8/11



Non-linear Extension

Non-Linear Extension: Pure GR

o Weyl Symmetry (g,uu = ng,uu)- 6Wg,uu = 6Wg_l/ng/,w = 0.

S[guw ¢] = f d"x (7QHVR/UJ(Q,UJJ) + Lw [ga¢a @uu]) ~ Unruh , 89 J

E.o.m.

1
R;w - ﬁguuR = f;w(g)
In the gauge |g| = 1, f,,(g) = 0 thus using geometrical Bianchi:

2VFR,, = V,R, = V,R =0

1
R — EgWR = NQw
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Comments on Cosmology: The Weight of Energy

Comments on Cosmology: The weight of Energy

TDiff Matter: The weight of vacuum energy can be tuned at will.

Sy = / d*x(f(9)9" 0,90,¢ — V (¢,9)).

with
VAT = 0,9.
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Comments on Cosmology: The Weight of Energy

Comments on Cosmology: The weight of Energy

TDiff Matter: Simplest case.
w = [ dx(@9,00,0 - V(9)).

EH Action
ﬁg = ﬁg/ﬂ/Ruy
Eom:G,, =T, = VHT, =0asaconstraint.

Isotropic-Homogeneous Metric
ds? = N(t)dt* —a(t)® > (dx')%.

EoM + Constraint imply:

3N(t)HZ + 2N(t)H — N(t)H = 0.
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Comments on Cosmology: The Weight of Energy

Comments on Cosmology: The weight of Energy

TDiff Matter: (Almost) Simplest case.
w = [ dxg’((@" 900,60 -V (0))

EH Action
Ly = \/—gg’“’RW

Eom:G,, = kT, = VHT, = 0asaconstraint.

Isotropic-Homogeneous Metric

ds® = N(t)dt® — a(t)® > (dx')%.

EoM + Constraint imply:

N(t)H? + 2N(t)H — N(t)H = 2/ (t) <2l?iit) —v> :
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Comments on Cosmology: The Weight of Energy

Comments on Cosmology: The weight of Energy

TDiff Matter: Simplest case.

Su = [ d*x(9"9,00,6 ~ V().
EH Action
Ly =+v/—099""Ry,
Eom:G,, = kT, = VHT, = 0asaconstraint.
Isotropic-Homogeneous Metric
ds? = N(t)dt? — a(t)®> > (dx')%.
EoM + Constraint imply:

3N(t)H? + 2N(t)H — N(t)H = 0.

v

No exponential expansion wrt to proper time dr = N(t)/2dt is possible

for any V (¢)!
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Conclusions
Conclusions

@ The minimal gauge symmetry for massless spin-2 is TDiff:
Sh. = 29,6, 0", =0

@ Massless Spin-2 admits naturally a (well-behaved) scalar partner,

except
o Fierz-Pauli (Diff invariant).
o WTDIff ( invariant).

@ We found (not unique) non-linear completions equivalent to
Scalar-Tensor. Restricting to GR: Diff and WTDiff have equivalent
e.o0.m. except for the origin of A. We expect quantum differences.

@ Cosmology can be completely different for certain models. For the
simplest model the vacuum energy does not weight!
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