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Abstract: This talk focuses on the semiclassical behavior of the spinfoam quantum gravity in 4 dimensions. There has been long-standing confusion,
known as the flatness problem, about whether the curved geometry exists in the semiclassical regime of the spinfoam amplitude. The confusion is
resolved by the present work. By numerical computations, we explicitly find curved Regge geometries from the largej Lorentzian
Engle-Pereira-Rovelli-Livine (EPRL) spinfoam amplitudes on triangulations. These curved geometries are with small deficit angles and relate to the
complex critical points of the amplitude. The dominant contribution from the curved geometry to the spinfoam amplitude is proportional to ei 1},
where | is the Regge action of the geometry plus corrections of higher order in curvature. As aresult, the spinfoam amplitude reduces to an integral
over Regge geometries weighted by ei 1} in the semiclassical regime. As a byproduct, our result also provides a mechanism to relax the cosine
problem in the spinfoam model. Our results provide important evidence supporting the semiclassical consistency of the spinfoam quantum gravity.
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© Real and Complex critical points

@ Numerical Implementation: As
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Motivation and Results

Dongxue Qu

The semiclassical consistency is an important requirement in LQG.
We focus on 4-dimensional Lorentzian EPRL spinfoam formulation.

Semiclassical approximation = Large-j asymptotics of spinfoam amplitude.
[Asante, Bahr, Barrett, Bianchi, Bonzom, Conrady, Ding, Dittrich, Dona, Engle, Freidel, Gozzini, Haggard, Han, Hellmann, Huang

Kaminski, Kisielowski, Liu, Livine, Magliaro, Perini, Pereira, Riello, Rovelli, Sahlmann, Sarno, Speziale, Zhang, ete.|
Asymtotics of the spinfoam amplitude relates to Regge calculus

Recent progress in numerics on spinfoam models

sl2cfoam based on 155 + boosters |pons,

Spinfoam renormalization |zan:, Dicerich, st

Effective spinfoam model |:- Dittrich, I |, 2020-202
Asymptotics expansion, Lefschetz thlmble Monte-Carlo i

@ Simplicial complex, sum over j — Flatness problem:

The EPRL spinfoam amplitude spems to be dominated only by flat Regge geometries
in the semiclassical regime.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 4/39
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The numerics demonstrates curved geometries whose contributions are not small in
EPRL spinfoam amplitudes.

eA Re[61]
15 Flat geometry

0.9 ® Curved geometry

A=101,
0.8 ,
[Asante, Dittrich, Haggard, 2020]

0.7 [Han, 2013|

y=01 Similar ideas appeared in

2020

0.6 |[Engle, Kaminski, Oliveira 202(

0.5

5
15x10°2  15x10°  0.00015

I

Horizontal axis: deficit angle é;; Vertical axis: oc Amplitudes

In spinfoam, large spin parameter X is a finite expansion parameter.

For any large but finite A, there exists relatively small deficit angles such that the
amplitude is not small.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 5/39
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2x10"%4x10"6x10""8x10"1x 10"
A

The non-blue regime of curved geometries where the amplitude is not small.

Effective action: Regge action plus “high curvature correction”

S = iZr[g(r)] + a26; + asdy + asdy + O(5}),

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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@ These curved geometries come from complex critical points.

@ A warm-up example

Dongxue Qu

+o0 .
A)\(T') — /. e)\[z:cz—T(:c-l—l)Z]d:E, r 2 O’ by > 1

The critical point: z. = )

» Jr=0 real critical point
r=i | r# 0 complex critical point

ez\[img —T(ﬂ?c+1)2] ,

|42()]

Similar ideas appeared in
[Asante, Dittrich, Haggard, 2020]
[Han, 2013]

|Engle, Kaminski, Oliveira 2020

r
I I . I "
5.x107 0.001 0.005 0.010 0.050 0.100
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2x10"%4x10"6x10""8x10"1x 10"
A

The non-blue regime of curved geometries where the amplitude is not small.

Effective action: Regge action plus “high curvature correction”

S = iZr[g(r)] + a26; + asdy + asdy, + O(51),
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@ These curved geometries come from complex critical points.

@ A warm-up example

Dongxue Qu

A _ L )\['é:cz—r(:c—}—l)Z]d > X
A(r) = _Loe x, r>0, >1

T—1 ?

Tihes clitical potnte 2L r=0 real critical point
e ‘| r# 0 complex critical point

ez\[img —T(ﬂ?c+1)2] ,

|42()]

Similar ideas appeared in
|[Asante, Dittrich, Haggard, 2020]
[Han, 2013]

|Engle, Kaminski, Oliveira 2020

r
I I . I "
5.x107 0.001 0.005 0.010 0.050 0.100
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Motivation and Results

Dt-mgxue Qu

@ Aj: relaxing cosine problem.

@ 1-5 Pachnerymove: reduce the spinfoam amplitude to integral over Regge
geometries:

N 5
O Tamiseson s soum,
m=1

Effective action § is Regge action plus “high curvature correction”.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 8 /39
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Outline

9 EPRL Spinfoam Model
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EPRL Spinfoam Model

1
dual complex K*

4-d triangulation K

: : @ vertices: v
@ 4-simplices: o

@ tetrahedra: T @ oriented edges: e

@ oriented faces: f:

® triangles: ¢ h (internal), b (boundary)

A spinfoam assigns an SU(2) spin js to each face f: jn, js-

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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EPRL Spinfoam Amplitude

Dongxue Qu

The spinfoam amplitude in the integral representation:

AK) = 3 T1dn [ ldopa] eUnowemerinie),

{in} h

[dgdz] = H dgve H < To M

|76, &eb): SU(2) boundary coherent state.
z,5 € CP'.

gve € SL(2,C).

phase amplitude d;, = 23, + 1.

. . . . . 1
dgve is the Haar measure, d{2;,, is a scaling invariant measure on CP".

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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EPRL spinfoam action

. . . . Dy
The spinfoam action S is given by _auhs

S Z B a4+ Zij(e,b) + Z JeFlet by,
)

(e',z (e,b) (e’,b)

Zve ySe .
Fep = 2In % +iyIn (| Zoes?,  Zues = gheZos
21].1 <6Bb} Zu’eb) _ %’71I1 ||Z:U’gb||2 :
| Zovrenll

(Z've’fa Z'u’e’f)

" | Zoer s I
||Z've’f|| HZv’e’fH

1Zorer I

F(e:,f) = 21 +i’yln

Continuous gauge freedom and gauge fixing:
@ For each zy¢, Zuf — AvfZus, Avf € C = 2z,5 = (1, avf)T.
@ At each v, gye — ) Zoyf :EI,sz, Ty €ESL(2,C) =>one g =1
@ Ateache, gy = guehZ !, gue = guehZt, he € SU(2) = g3 to be
upper-triangular matrix.
(any g € SL(2,C) can be written as g = kh where k is upper-triangular and h € SU(2)).

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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Real parametrization:

mi’e_‘_iyfr’e
Ju'e V2 ) (- SL(Z,C), Dongxue Qu
Hule
1+ wl}e:;iy%s w%e+iygc
E}ve wf,eJriy{%e V2 - SL(Q,C)

\/5 ﬂt'ue
Zof (1,80f + Tos + iyos) € CPL.

® Zye,Yve, Tuf,Yus are real numbers.

® g e SL(2,C) anfl & € C will be a critical point of S.

Therefore,

S(jh}g'”eﬁz'u.f) = S(jh,:ﬂue,yue,iﬂuf,yuf)

will be analytic continued (locally) to the holomorphic function

S(jhsmve:yveamvf:yvf), Jhs Tve, Yves Tufy Yof € C

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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EPRL Spinfoam Amplitude

LQG area spectrum: a = Sﬂ"yﬂf,\/m, a> Ez = i1>1
Semiclassical regime <> large-j regime.
To probe the semiclassical regime, we scale both boundary and internal spins
Jb =+ Ajb,  Jh = Adn, A1

Apply the Poisson summation to the EPRL spinfoam amplitude:

A(K) > [ Tlai]I2rdn, [ ldgaa e,
L h

{kn€Z}

Sk S+4miy  jukn,
h

Jn is continuous.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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Real Critical Points

@ The integral in the spinfoam amplitude has the following form:

/dN$u($)BAS(T’m), A>>]_,

where r is boundary data, = is integration variable.

T:(jb,geb), xz{jhgmve,yvegmvfgyvf}GRN

@ Real critical point x is the solution of the critical equations

Re(S()) = 8:S(&) = 0,

@ The solution gives Regge geometries subject to the flatness constraint (up to
some “parity flips”):

v6n =@ mod 4nZ.

@ Spinfoam amplitudes seem to be dominated only by flat Regge geometries in the
semiclassical regime.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 16 /39
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Ajz triangulation

YWY

Dongxue Qu

[Banburski, Chen, Freidel, Hnybida, 2015; Dona, Gozzini, Sarno, 2020; Asante, Dittrich, Haggard, 2020; Engle, Kaminski, Oliveira, 2020
@ Aj; contains three 4-simplices and a single internal face h.

@ All edges are on the boundary, boundary edge-lengths determine Regge
geometry on As.

@ 7 = {Jp,&ep} is the boundary data, determining boundary edge-lengths, and
Regge geometry g(r).

@ All tetrahedra and triangles are spacelike.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 17/39
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Flatness Problem

@ Regime 1: fixing the boundary data r admits a flat geometry on the
triangulation

)\S(rm

N AS(rz) ) ()
/d =Py )_( ) \/det 62,8 er (r, &)/2m) > HEL

The dominailt contribution comes from the real critical point.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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Flatness Problem

Dongxue Qu

@ Regime 1: fixing the boundary data r admits a flat geometry on the
triangulation

)\S(r )
/dN:r,u(x) eAS(r,m) — ( ) F’(m) [1 + O(l/)\)] . (1)
\/det —62 .8(r, :I:)/Z?r)
The dominant contribution comes from the real critical point.

@ Regime 2: fixing the boundary data r only admits the curved geometry, no real
critical point, the amplitude is suppressed:

f ANz pu(z) ME = o(x7¥), VK >o. (2)

® We also let r vary, then we need an interpolation between two regimes (1) and
(2) in order to clarify contributions from curved geometries — the use of
complex critical poini.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 18 /39

Pirsa: 21110039 Page 20/45



Pirsa: 21110039

Complex Critical Points

We consider the large-)\ integral:

/ dVz u(z) %), N =124 for As,
K

@ S(r,x) and u(z) are analyti functions for r € U C R*,z € K C R".

@ U x K is a compact neighborhood of (7, z).

Analytic Extension

S(r,z) = S(r, z)

Complex critical points z = Z(r) are the
solutions of the complex critical equation

0.8 =0

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 19/39
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Complex Critical Points

[Hormander, 1983; Melin, Sjostrand, 1975]

Large-\ asymptotic expansion for the integral

N
2

A7 (r))

/;( dVzx p,(:n)eks(r,w) = ()1\) \/det (_5§,z‘§(r’ Z(r))/qu)

[1+O(1/A)]

@ The dominant contribution from the complex critical point.
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Complex Critical Points

Dongxue Qu

[Hormander, 1983; Melin, Sjostrand, 1975]

Large-\ asymptotic expansion for the integral

N
2

A (7 (r))

N (25T — 1
/;(d e) (A) \/det(—6§,z5('r, Z(r))/2m) i

@ The dominant contribution from the complex critical point.

@ Interpolating two regimes:
r=r, Re(S(f,Z(r)) =0, power-law decay.
r#7, Re(S(r,Z(r)) <0, damping factor e*?°(5)

@ < is a finite expansion parameter, like i in quantum mechanics.

1
A

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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Dongxue Qu

Complex Critical Points

[Hormander, 1983; Melin, Sjostrand, 1975]

Large-\ asymptotic expansion for the integral
N
1\ = AS(rZ(r) (7

/;( dVzx p,(:n)eks(r,w) = ()\) \/det (_53,”3(,"’ Z(r))/qu)

@ The dominant contribution from the complex critical point.

@ Interpolating two regimes:
r=r, Re(S(f,Z(r)) =0, power-law decay.
r# 7, Re(S(r,Z(r)) <0,

damping factor e*R¢(5)

1 ; . . . .
@ 1 is a finite expansion parameter, like i in quantum mechanics.
@ Given any A, e***(5) may not be small, e.g. e***(®) = ¢! if Re(S) =11/

Nov. 24th, 2021 @ PI 20/39
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Outline

Dongxue Qu

e Numerical Implementation: Ag
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Az triangulation

Y

Dongxue Qu

@ Aj contains three 4-simplices and a single internal face h.

@ All edges are on the boundary, boundary edges-lengths determine Regge
geometry on As.

® 7 = {Jp, &} is the boundary data, determining boundary edge-lengths, and
Regge geometry g(r).

@ All tetrahedra and triangles are spacelike.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 22 /39
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Algorithm of A(Aj3)

Dongxue Qu
We numerically construct boundary data, flat geometry, and real critical point.

]

106G = 000 i
1001+ 008 OAT.001-0.4% -

LA 002 (L8371

T | 1

| (OTL050.3%) |

000 -0 17-0.25 7L A02E 0671 (0.71.0.71)

T
IO [T

[ 1]
) [ —
| [‘I 4 00005 0,19 = (003 Y

|

AT (R
l_ll '{ 0009 4+ 0,003 10T = 0.0005 )

TTas W 097) Lo 1)
TTORG 080,161 | n 11 1 |
05 T (000 0,19+ 00,0641 | |r1 02+ 00005 0,19 = 0003 )
006 102 -i\lkih_,) VOO 00030 108 = 0.0005

0.5 080

2 i} 1 5

1006 + 0.081) | [10.07 + 0.471) [ (1042 + 0.28) | (1182 250
B (1031 = 2.08) [ (1.1.86 ~ 0.9%) | (1,0.18-0.26
= L0 - (L3 | (113 + 0.84h)
= LI}
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Algorithm of A(Aj3)

Dongxue Qu

@ We vary the length lz6. It gives a family of boundary data r = r + dr. We
obtain numerically a family of curved geometries g(r):

Length variation dla6 : 0.7x10 2 ~10*
Deficit angle §y, : 1.4 x 10 ~ 0.0002

@ For each éx # 0, the real critical point is absent.

@ Numerically compute the complex critical point z = Z(r) satisfying
9:8(r, z) = 0 with Newton-like recursive procedure:

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 24 /39
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Algorithm of A(Aj3)

o

We linearize 8.S8(r, z) = 0 at ap € R'** (satisfying Re(S) = 8,5 = 8,5 = 0, but

9;,5 #0)

9,8(r, o) + d28(r, zo) - 621 = 0,

the solution is 21 = g + d21.

Similarly, we linearize 0.S(r, z) = 0 at z1, the solution is zo = 21 + d22.

We linearize 0,8(r, z) = 0 at 22,

We linearize 0.S(r, z) = 0 at z,_1, the solution approximates the complex

critical point Z(r) ~ 2z, = 2,1 + 02n.

Practically, we use n = 4.

Absolute Error: € = max|9.S(r, z,)| &~ 1.314;.

2x 1016

2 x 1012

3%x 10”8

6 x 106

4% 109

2x 102

2x 10~ 9

4.27 x 10~ °9

3.19 x 10~ 4%

1.02 x 10— 28

1.34 x 1022

4.2 x 10— 19

Dongxue Qu (FAU)

Curved geometries in SF
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Numerical Results

We numerically compute the complex critical point Z(r) for many r corresponding to Dongxue Qu
curved geometries.

We compute numerically ¥ and the difference 6Z(r) from the Regge action of the
curved geometry g(r):

S(r, Z(r)) = iZr[g(r)] + 6Z(r), Zr[g(r)] = an(r)on(r) + Z ay(r)Os(r).
b

At A= 10",y =0.1,

eA Re[&I1]
14 Flat geometry
0.9 ® Curved geometry

0.8 A=10", y=01
0.7
0.6
0.5

5
15%x10"?  15x10°  0.00015 "

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 26 /39
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Numerical Results

We numerically fit e*?*°?) (blue curve) and e*!™(°%)

6T = a0 + aséy, + asdy + O(5r)
The best fit coefficient a; and the corresponding fitting errors at v = 0.1 are

az = —0.00016,9-17 — 10.0008310-16,
asz - _0.0071:t10—13 = i0.011i10—12,
a4 - _0.059i10—9 + ?:0.0TUilg—S.

The effective action S is the Regge pction plus “high curvature correction™

S(r, Z(r)) = iZr[g(r)] + 6Z(r),

Large-) asymptotic expansion for the integral

e o e eE )

dV g p(z)e? 52 — (L 2 [1+0(1/))]
fx iAkE (A) \/det (_5§,z5(r,Z(?‘])/2‘JT) }

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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Numerical Results

Dongxue Qu

The contour plots of e*PZ(M] o |A(A3)]:

0.0010
0.0008
0.0006
S
0.0004

0.0002

2x10"4%10"°6x10"8x10"1x 10" -
x x x x x 000 002 004 006 008 0.10

A Y

The non-blue regime of curved geometries where A(As3) is not small.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 28 /39
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Cosine Problem

Dongxue Qu

Natively,

A(A!‘?,) Ao (eiIR _I_e—iIR)(ez'IR +6—1’IR)(€1'IR +e—iIR)

= 8 terms

@ 8 terms correspond to 2 continuous 4-simplex orientations
ety e
and 6 discontinuous 4-simplex orientations:

t+— = =+, —+—, -+, —+

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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Cosine Problem

Dongxue Qu

@ Flatness constraint changes to:
~véy = 'YZ $y0x(v) =0 mod 47Z,
vEh

s, = = are opposite orientations at the 4-simplex v.

@ Given the boundary data 7,

s [+++ [ ———[++— [ ——+ [+——[—++
& | 0 0 0.043 | —0.043 | 0.72 | —0.72

there are only 2 real critical points with all s, = 4 or s, = —.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 30/39
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Asymptotics of A(Aj3)

Dongxue Qu

® With r = 7 + dr of curved geometries g(r)

60
A(Ag) ~ ()1\) [dﬁez‘AIR[g(r)]JrAJI(r) 4 N e M Ir[E(MIHAI (r)]

contributed by the complex critical points close to these 3 real critical points.

Cosine problem is relaxed in this example.

Regge action: Zg = apdy + Z a, 9y,
b

High curvature correction: 67 = a207 + asds + asdi + 0(62),
6T = @20; —asd; + asdy +0(6})

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI
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Outline

Dongxue Qu

e Numerical Implementation: 1-5 Pachner Move
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1-5 Pachner move

@ 0;1_5: the complex of the 1-5 Pachner
move refining a 4-simplex into five
4-simplices.

@ Simplicial complex: 1 internal site, 5
internal segments (red), 10 boundary

triangles b, and 10 internal triangles

h.

Dongxue Qu (FAU)

/djlzdjmdjmdjmdjzs 2o, (J12, 7913, J14, 15, J23) »

Tais T1 2\)dy;, [ [dgdz]e*s™
> 11 i [ L@, I

{kp}" h=1

Curved geometries in SF Nov. 24th, 2021 @ PI
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1-5 Pachner move

Dong:;ue Qu
o1-5: the complex of the 1-5 Pachner

move refining a 4-simplex into five
4-simplices.

Simplicial complex: 1 internal site, 5
internal segments (red), 10 boundary
triangles b, and 10 internal triangles

hi.

Regge geometries g(r) are
determined by the boundary data
and five lengths l,,6, m = 1,2, 3,4, 5.

Locally change variaE)les (Heron’s
formula): lme — ji2,J13, J14, J15, J23.

/deZdj13dj14dj15dj23 2o, (J12, 713, J14, J15, J23) »

Tais T1 20\)dy;, [ [dgdz]e*s™
> 11 i [ L@, I

{kp}" h=1

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 33/39

Pirsa: 21110039 Page 38/45



Pirsa: 21110039

1-5 Pachner move

fdj12dj13dj14dj15dj23 Zoq.5 (412,713,714, 15, j23)

5 10 (k
> [ II i TI @i, [iagaaie*s™,

{kpl" h=1

@ We focus on the 195-dim integral in Z,, . with k; = 0.

@ For Z,, ., the external parameters: r 1 {j12, 13, J14, J15, J23; Jb, Ecb }. T
determines the flat geometry g(r), and the (non-degenerate) real critical point
{95, Gve, Zw s} with all s, = +.

@ Fixing Ep'b, éeb, we deform l,,6 = fmﬁ + dlm6, so that e.g. j12 = 312 + 6j12,--+, and
r =7 + dr with random sampling.

Dongxue Qu (FAU) Curved geometries in SF Nov. 24th, 2021 @ PI 34/39
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1-5 Pachner move

Dongxue Qu

fdj12dj13dj14dj15dj23 Zoq.5 (412,713,714, 15, j23)

5 10 (k
> [ II i TI @i, [iagaaie*s™,

{kpl" h=1

@ We focus on the 195-dim integral in Z,, . with k; = 0.

@ For 2Z,, ,, the external parameters: r = {J12, 713, J14, J15, J23; Jbs Eeb }- T
determines the flat geometry g(r), and the (non-degenerate) real critical point
{7 Gue, Zvy } with all s, = +.

Fixing 7», éeb, we deform lmg = e + 8lme, SO that e.g. ji2 = j12 + 6ji2,- - -, and
r = 7 + dr with random sampling.

There is 1 DoF r = # 4 ér. g(r) are curvgd geometries with small deficit angles
< 1073, The real critical point is absent.
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@ Compute numerically complex critical points Z(r) for many r.

@ S(r,Z(r)) = iIr[g(r)] + 0Z(r),

eARe[dJ]oc Z!H Dongxue Qu

1.0 * Flat geometry

 Curved geometry
0.8
A=101, y=1

0.6

0.4

10

5 8=[D.&/w

10-* 10~ 107"° 10® 10® 10 h=1

y=1 A =5x1010
— . ] 0.0030°

0.0025
0.0020 |
«© 0.0015 |||

0.0010

0.0005
|

0 2x10"74x10"™6x10"8x10" 1x10™ 0.0000 . - .
x x x x x 0.000 0.002 0.004 0.006 0.008 0.010
A ¥
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1-5 Pachner move

Dongxue Qu

A(e1-5) = /dedelsdj14dj15dj23 Zoq.5 (d12,313, 714,715, 323) »

Insert the asymptotic expansion of Z,, . back in A(o1-5), we obtain integral over
Regge geometries:

N 5
1 AS(r,Z(r))
(A) /}(Eldzmﬁe S [L+O(1/N)],

we have changed dj — dl and r = r(l).

The action is Regge action plus “high curvature correction™
S(r, Z(r)) = iZrg(r)] — a(1)d(r)* + O(8%),
v=1,a=888x10.0 5 —10.033;9-10.

For small v and §, ‘e’\‘s‘ ~0(1) = 7% < %

|Asante, Dittrich, Haggard, 2020; Han, 2013]
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Summary | . i% _
o

Dongxue Qu

@ EPRL spinfoam amplitudes allow curved Regge geometries with small deficit b
angles.

The curved geometries correspond to complex critical points that are slightly
away from the real integration domain.

Regge geometries with small deficit angles are sufficient for approximating
arbitrary smooth curved geometry.

The dominant contribution to the spinfoam amplitude is proportional to e°,

S is the Regge action of the curved geometry plus the curvature correction of
order 47 and higher.

S = iZr[g(r)] + a2df + ¥s3dh + asdn + O(S3),

Agz: relaxing cosine problem.

@ 1-5 Pachner move: reduce the spinfoam amplitude to integral over Regge

geometries:
L
A
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N
2

5
f [] dimee® 2 A [1+0(1/N)].
m=1
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Outlook

Compare with effective spinfoam model.
Observables, e.g., correlation functions.
Morejcomplicated complex.

Lattice Refinement.

Larger deficit angles and higher order correction.
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Alessia Platania

Thank You!
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