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EPRL/FK MODEL

Short description of EPRL/FK model of quantum gravity:

• Covariant approach to the formulation of quantum gravity.

• The path integral is defined as

Zσ =
∑
c

∏
f∈σ

Af(c)
∏
e∈σ

Ae(c)
∏
v∈σ

Av(c).

• σ denotes a 2-complex dual to a spacetime triangulation, f, e, v count the faces,

edges and vertices of the 2-complex,

• colors c are SU(2) spins on each face, jf ∈ N0/2, and 3D unit vectors ~nef ∈ S2

for every pair ef ,

• amplitudes are

Af = 2jf + 1, Ae = 1, Av = WEPRL/FK
v .



EPRL/FK MODEL

Main properties of the model:

• Spectrum of the area operator,

Af = 8πγl2p

√
jf(jf + 1),

where Af is the area, lp is the Planck length, γ is the Barbero-Immirzi parameter.

• The classical limit,
1

8πγ

A

l2p
=
√
j(j + 1) ≈ j � 1.

• Asymptotics of the vertex amplitude in the limit j →∞,

Wv(j, ~n) ≈ N+(j)eiγSv(j) + N−(j)e−iγSv(j), //looks like cos(Sv)//

where Sv(j) is the area-Regge action for one 4-simplex dual to the vertex v.



EPRL/FK MODEL

Coupling of matter fields:

• We redefine the vertex amplitude,

Av(jf , ~nef , φr) = Wv(jf , ~nef)eiS
matter
v (jf ,~nef ,φr),

where φr are matter fields, r counts all degrees of freedom for all matter fields,

Smatter
v is the matter action for one 4-simplex dual to the vertex v.

• The path intgeral,

Zσ =
∑
j

∫ ∏
ef

d~nef

∫ ∏
r

dφr
∏
f

[2jf + 1]
∏
v

Wv(j, ~n)eiS
matter
v (j,~n,φ).

• If we “freeze out” gravitational degrees of freedom, we have

Zσ ∼ N
∫ ∏

r

dφr
∏
v

eiS
matter
v (j,~n,φ) ∼ N

∫
Dφ eiSmatter[g,φ].



EPRL/FK MODEL

The cosine problem:

• What we would like to have (in some suitable limit):

Wv ∼ eiSv,

so that

Zσ ∼
∑
j

∫
d~n

∫
dφ
∏
v

ei(Sv+S
M
v ) ∼

∫
dj

∫
d~n

∫
dφ e

∑
v S

GM
v ∼

∫
Dg
∫
Dφ eiS.

• What we do have:

Wv ∼ eiSv + e−iSv ∼ cos(Sv),

so that

Zσ ∼
∑
j

∫
d~n

∫
dφ
∏
v

cos(Sv)e
iSMv ∼

∫
Dg
∫
Dφ

∏
M

[
ei(S+S

M ) + ei(−S+S
M )
]
.



EFFECTIVE ACTION

How do we compute the effective action in QFT:

• Consider a typical QFT,

Z[J ] =

∫
Dφ eiS[φ]+i

∫
Jφ.

• Effective action is defined as a Legendre transform

Γ [φ] = −i logZ[J [φ]]−
∫
φJ [φ],

• from where one can derive a functional integrodifferential equation:

eiΓ [φ] =

∫
Dφ̃ eiS[φ+φ̃]−i

∫ δΓ
δφ φ̃.

• The field φ is called the “background”.



EFFECTIVE ACTION

How do we compute the classical limit:

• We define the classical limit as

φ→∞, S[φ]� 1, //S[φ]� ~//

• expand the effective action in an asymptotic series for this limit,

Γ = Γ0 + Γ1 + Γ2 + . . . , Γn+1 = o(Γn),

• substitute all this into the functional integrodifferential equation

eiΓ [φ] =

∫
Dφ̃ eiS[φ+φ̃]−i

∫ δΓ
δφ φ̃,

• and we solve it perturbatively:

Γ = S +
i

2
tr logS ′′ + o(logS).



EFFECTIVE ACTION

Multiple solutions for a classical limit:

• Type I — the limit φ→∞ can be taken in multiple ways,

φ = φ1 →∞ ⇒ Γ [φ1] = S1[φ1] + . . . ,

φ = φ2 →∞ ⇒ Γ [φ2] = S2[φ2] + . . . ,

where φ1, φ2 are different “configurations” of the fields and S1, S2 different classical

“regimes”.

• Type II — the initial action can be of the form

S[φ] = −i log
[
eiS1[φ] + eiS2[φ]

]
so that the effective action equation has multiple solutions for one and the same

field configuration,

Γ [φ] = S1[φ], Γ [φ] = S2[φ].

• If actions S1 and S2 give equivalent equations of motion, then the limit is the

same. Otherwise, the classical limit does not exist. // limx→∞ sin(x) = ??//



CLASSICAL LIMIT OF THE EPRL/FK
MODEL

Effective action equation:

eiΓ (j,~n,φ) =
∑
j′

∫ ∏
ef

d~n′ef

∫ ∏
r

dφ′r e
−i
(∑

f
∂Γ
∂jf

j′f+
∑
ef

∂Γ
∂~nef

~n′ef+
∑
r
∂Γ
∂φr

φ′r

)

∏
f

[
2
(
jf + j′f

)
+ 1
]∏

v

Wv(j + j′,
~n + ~n′

‖~n + ~n′‖
)e
iSmatter
v (j+j′, ~n+~n

′
‖~n+~n′‖ ,φ+φ

′)
.

Solutions in the classical limit j = j(L), ~n = ~n(L) where L, φ→∞:

Γ+(L, φ) =
1

8πl2p
SRegge(L) + Smatter(L, φ),

Γ−(L, φ) = − 1

8πl2p
SRegge(L) + Smatter(L, φ),

Γε(L, φ) =
1

8πl2p

∑
v

εvS
Regge
v (L) + Smatter(L, φ), εv = ±1.



CLASSICAL LIMIT OF THE EPRL/FK
MODEL

The continuum limit:

SRegge(L)→ 1

2
SAH[e], Smatter(L, φ)→ SM[e, φ].

Gravity solution:

Γ+[e, φ] =
1

16πl2p
SAH[e] + SM[e, φ],

Antigravity solution:

Γ−[e, φ] = − 1

16πl2p
SAH[e] + SM[e, φ],

“Intermediate” solutions:

Γε[e, φ] =
1

16πl2p(x)
SAH[e] + SM[e, φ], l2p(x) = ±l2p.



CLASSICAL LIMIT OF THE EPRL/FK
MODEL

How to fix these results?

• Redefine the gravitational sector so that

Av ∼ eiS
Regge
v .

⇒ This is not the EPRL/FK model anymore!

• Redefine the matter coupling so that

Av ∼ cos(SRegge
v + Smaterije

v ).

⇒ Violates the equivalence principle!

⇒ Does not remove the “intermediate” limits!

• Postulate that the effective action is not a well defined notion in QG (!!!)

⇒ Why does it work in QFT so well?!



THANK YOU!


