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caus-o.li/-yi-Sp-infoams-
Current Lorentzian Spinfoams
are formulated in terms of : l
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-

spins on faces jy '
i

- SUCH intertwines on edges ie
f

☒ Thistalk : Add

- Causal structure on wedges w=(vf ) -- level
Causal Vertex Amplitude

⇒
gw = {

+1 co - chromate edges ¥-1 µ
A. ( jg.ie , Ew )

- 1 anti - chromed edges !
t
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We are building on :

• Markopoulou d Smolin 11997) "Causal evolution
.-

"
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Implementing causality . . .
"

[ BC model ]÷÷÷:÷:÷:*
.

"

• Cortes & Smolin (2014 )
"

Energetic causal sets
"

- . - proper vertex - -
"

[Euclidean EPRL]
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Engle , Wilensky & Zipfel (2015 ) 1- Lorentzian EPRL]g . Roney, ← Wilson . Ewing (so,,,
"

☐i. e.* ymmeyn.es .. .
.

• Doria
,
Gozzi ni & Nicotra (2021 )

"

A Wick rotation . - .

"



Plan :

Geometry of a Lorentzian 4-simple

121 Causal vertex amplitude

131 Semiclassical limit
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IIG-eo-mtry-ofo-rent-ian-4-simple.ba/--a
:

• Minkowski Space ( IR
"
, y,=s ) C- + ++)

• Five time- like vectors Nof with ↳ of closure lab = i.→ )

span / NE, . . ,NÉ } = IR"

Yes Nat No? = - va2| É
,

NI = 0

a.±. .am , ag.m.a.mn,

• Lorentzian 4-simple {
' → ↳

2 → 3
with spacelike boundary tetrahedra 3 → 2

↳ → 1
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It
- E-try-f-r-t-i-E.PE

i.µ•
• 4- Volume I= 1¥

.

C-⇒n, NENENINE ))
"
}

• 3- volume of tetrahedra Va = _Y±sNÉNb#
⇒ Not = vo. Ñg unit a- normal

• 2- area of triangles Aab = ÷↳¥b-p±sÑÉÑÉ
• scalar product of unit normals

|-y±sÑÉÑÉ=Ehp⇒÷p boostfrom 3-plane a to 3-planets
-8

É co - chromed 4-normals

- a anti - ehronal 4- normals

causo.es/-ru-etur-
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☒

L-rent-ianRegge-A-innte-rm.fa-normalsN.FISr=¥%÷-Pab#
* Strategies for computing E.is/3ab- from 4-normals :

(_ Use c.est

p-I-s-in-hp.I-et-BIIP.is=

Ñ⇒ÑÉÑE+Ñ⇒ÑÉ•
"

-
- --

-1

cheek :

log / Ecoshp + sinhp / = log / coshp + Esinhp / = log / EEP I = Ep
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L-ent-ianRegge-A.int#ms.fa-normalsNaI-

|Sr=E¥÷Pab_|

⇐"" ""ease , %*.,

"

* Strategies for computing E.is/3ab- from 4-normals :

{ together withlog / Eigenvalue[ ÑoEÑÉ E- 5-] / = ± Eab Bab E- = 11.*)

to select eigenvel with + sign .-

Noli : in spin foam asymptotic , the Regge action arises via

a mechanism analogous to (b) .

⇒ !?rqpesaf :
-

us-e-cau-sal-st-ruefure-I.b-asa-d.li#o=ldaIaIn-spi-n.foa-me
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Engle, Pereira , Rovellioeliuine (2007)

Freidel & Krasnov (2007)( Barrett. Dowdall, Fairbairn , Gomes • Hellmann 120091Kaminski
,
Kisielowski & Lewandowski (2009)÷ ;÷÷:÷::÷:÷÷÷:÷÷÷÷÷

-"""

.

• Boundary data : { • spins (on faces ) job
•

spinors (on half- wedges) Gab , Gba
1

I
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• Y-EAmp.li#- ! '

AEP
"

(/jab , Gab } ) = dha LIKE""(ha.hbijab.5.is . 5s. )Y
9=2

5h12, E)

-

• W-edge-Amplit.de

*
"""(ha.hbijab.5.is , 5s. ) = [ jab ,goal

"↳ Jab)
( his

'

ha ) I jab , Gab}

f- .

boundary data



Engle, Pereira , Rovellioelivine (2007)

f-reidel & Krasnov (2007)AÉ ( Barrett. Dowdall, Fairbairn , Gomes • Hellmann 120091Kaminski
,
Kisielowski & Lewandowski (2009)

µIo"t^T"

→D.n.i.speziaee@ozo1iiAsympt.1louest.ni""
"

• Vertex duel to a 4-simple → boundary graph For

• Boundary data : • spins (on faces ) job{ •

spinors (on half- wedges) Gab , Gba
• *"±. .

•Gi-TAE !
Ay//jab , Gab , E.is/)=J#-zdha!IK(ha.hbijab.5ab.Gba,Eab)- -

5h12, E)

• Caedge_Amplitude_

|É""=Ñ¥¥¥+"É"""

y,

21T Ñ↳"d%data→i-__hha)1j.b,qb
* Feynman IE prescription for unitary irrep of 5h12, E)



*NewPropo#
1

A. ( jg.ie , Ew )
1 I

☒

-

|K(ha , hb ; jab, Gab , Gba , E.b) = |÷÷ ÷÷¥ [ jab , Gbal D ( his
'

ha ) I jab , Gab > | ÷
T i - =

KERRY. - . ) = Irecovered as Unc
-

iil Linear in boundary state ⇒ Ay can be expressed in any basis (or as operator)

*

m.ni.i.gr.eisweee.ay.ee and residue results in sum .IE '" analogous " ""

iv) Beyond single vertex : 2-Complex C with causal edge orientation Ea ⇒ wedge orientation E.i. = a. Es

= 2- WfEu) + 2- Wccc)note : reverse
,

KEEP" = I ✓(Eu)
g. c- causal(c) Ew ¢ Causal(C)Ew=±e

C

V1 Relation to Engle 's Proper Vertex for Ibt : Ea's"⇒+)=f(all a-simple boundary date 2jcd| , 35cal )
Here : analogous expression , but local on additional wedge data Eab

☐• To-do :
a) Numerical implementation of this ~s note liiil expression analog to booster functions [ Speziale 120171 , Doria - Panizza -Sarno-Speziale 12019)]

b) Interpretation of ie prescription as Feynman Green function for 8-simplicity : ⇐ +✗E) G. (ha ,hb) = 0

c) Large spin asymptotic

11



1¥ t-ge-spin-asy-mp.to/ies&semiehessieIlimif-
Barre# Dowdall

,
Fairbairn

,
Gomes • Hellmann Hoo,)( → Donoi & Speziale (2020 ) "

Asympt. of lowest unitary..
"

☐• Caedge_Amplitude_ as integral over EP '

jab, jab)
K(ha

,
hb ; jab , Gab , Gba , Eab) = °°

ziti
[ job -Gba / ☐ ( his

"

ha ) I jab , Gab}
c- - 8- iE⇐O+

-as I •

boundary data

too

=/dÉ⇐_ %÷|÷÷;¥÷¥¥÷¥¥ •

21T Ñ
g-
-I- i#Ot

EP '
- 00

• apps:b log 9¥¥¥¥%¥÷÷' + it jab log ",I÷I÷÷ ]i

T Lt
let
Eab=t1
In .÷÷⇐.

use :|lim.gg/+?dE-i.-%bFs--cit'--0-lE.bx)eist~
, ,

I
- no
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1¥ t-ge-spin-asy-mp.to/ies&semiehessieIlimif-
Barre# Dowdall

,
Fairbairn

,
Gomes • Hellmann Hoo,)( → Donoi & Speziale (2020 ) "

Asympt. of lowest unitary..
"

☐• Caedge_Amplitude_ as integral over EP '

jab, jab)
K(ha

,
hb ; jab , Gab , Gba , Eab) = /

"

dt
"

¥
-É [ jab ,Gbal D ( his

"

ha ) I jab , Gab}
c- - 8- iE=O+

-as 1 -

boundary data

=%÷f÷÷;¥÷¥I¥¥!¥ • 0-la.j.is log "É¥÷÷)
EP '

• options e.s<%¥¥÷¥¥¥÷'É
°

+ izjai.es "•¥÷÷÷ ]
☐• For Lorentzian Regge boundary data { jab , Gab , Eas } ⇒ No? G-simplex

Single saddle point in integrals over ha
,
Zab ⇒ JA.ldjab.5.s.E.is/----c+idSR+Oli-i#wheres.=Esg.??s..p.T
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±÷÷÷÷÷:÷÷÷"i:÷÷÷¥÷÷÷;H.
.

Khamis:*.-" ⇒ =/¥ IL y -
'

- 00

it EPRL recovered as unconstrained sum KEPRY. - . ) = I
-

I

45-1=1
iil Linear in boundary state ⇒ Ay can be expressed in any basis (or as operator)
Iii) The Feynman is integral is well defined and residue results in sum of Elz) analogous to EPRL

iv) Beyond single vertex : 2-Complex C with causal edge orientation Ea ⇒ wedge orientation E.i. = a. Es

note : reverse
,

KEEP" = I Wlewl = 2- WfEu) + I hkcew)
Ew=± '

c

E. c- Causal(C) Ew ¢ Causal(C)

V1 Relation to Engle 's Proper Vertex for Ibt : Ea's"=b+)=f(all a-simple boundary date 2jcd| , 35cal )
Here : analogous expression , but local on additional wedge data Eab

a. To-do :
a) Numerical implementation of this ~s note liiil expression analog to booster functions [ Speziale 120171 , Doria - Panizza -Sarno-Speziale 12019)]

b) Interpretation of ie prescription as Feynman Green function for 8-simplicity : ⇐ +✗E) G. (ha ,hb) = 0

✓ c) Large spin asymptotic ⇒ @
+ is"

for Lorentzian boundary data ( Euclidean and vector geomscutbyo)-

d) Analyz.cl#bGjEiergenafllowinyChristoulou,LangviK,Riello,R Ken & Rovelli (2013) "

Divergences and orientation .. .
" Éis" in Ponzano - Regge
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