
ous an effective field theory L

Outline :

I
. GR from the bottom up - the unique Lagrangine for massless Spirit

-TII . GRET : perination of Mercury from dimensional

analysis alone !

I. Massless Spin-2 particles have 2 polarizations. A Lorentz-
invariant description requires such a particle to be

embedded in the Smallest Lorente rep-containingSpin- :
j= 1 and jei => (2+1)(2+) = 9

,
Symmetric traceless

tensors her . (Actually
,
more convenient to start with trace

included and project out, so (0, 0) 0(1, 1) .)
From these 10 comports, we need to get down to 2

physical polarizations;his will strongly constrain the kinds

of Lagrangians we can write down
.
It'seasiest to

see the algorithm by starting First with spin-1 as
a warm-up.

Am: I components -> 3 (massive) -+ 2 (massless)

Can split any f-rector into transverse and longitudinal

components : Ankx)= AnT() + GeT(x) with JAnT = 0

(proof : <"An = Bit, so give Am
,
solve for it)

This decomposition is not unique but it exists: essentially defines
Lorenz garge for AT.







If we blindly set m=O, we get ↳
L = Ehmh - ther -Chia +h6whe-thIh
which is linearized vacuum Einstein-Hilbert: we are on the right

track ! But mass term gave I a linetic term .

Need to make

sure this disappears when her couples to other fields.

2 hurTer = C = (InTo+Itm)+V => Ge Te =0 .

But this is not enough : conside <1 = th0
&C

,
= 20 .

If we let0 -> + -24 and modify & to

Lv =+th
,

(2) T50 + wind = <(0) +0.

But now there are exter terms :

5Gz= [h20+ (2m)(T-2/
To Cancel these

,
need to modify transformation of hi

which means adding more terms (2) 40, .
Miraculously

,
this process converges !

ye0(x ++) har- (Man+Gate) (900+ET)(19p+hC(x ++) -Mar
In other words, a general coordinate transformation

-

=C = Fetyo+ ha) (MpR [Mar +Ephmn] +1.203)
(this is nottrivial , but it's true

=> GR is the unique theory of a massless spin-2 particle
which couples to matter.

The factors of tp ,
are for dimensional consistency : Churl=1,

so this is just like the Chiral Lagrangia F(Deexp()



5
II

.
GR as an EFT. L

Let's be schematic and ruthlessly suppress indices. Rieman tensor

has two deivatives RuvagvGbp[phas),S

-
analogous to U = exp(Enta)

CEH=MpTr [Rur] > Lavirai=FiTr [DUT DU]

Each term has I derivatives and on infinite number of

powers of h.

As with chinal Lagengion, should write down all terms consistent

with symetry (in this case, diff invariance) :

C = ettg) (MpiR+L
,

R2 + LRucR"+yRoRevewt ...)
L u M

22 24 total deiative,

disappears in petubation they

C- (IhDL+Dr.) +Li)thDn+hD-mp,

Just Like Chiral Lagrangian, this theory intrinsically contains

higher-dimension terms even with only 2 derivatives! Non-recormalizable
-

=> theory must break down land needs a UV completion)
at EmMpi . But below that, perfectly predictive !

Example : Let's look at effects offith" term .
We canuse

Classical field perturbation theory :

equation of motion
is Dh-Ep B(42) -EpT ,

use Tis he

energy-momentum terror of a classical source.
10)

Lowest-order solution is h= T ; for = e531
,

this is just the Neutrin potential = Empt




