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Summary Resumo

The homological perturbation La homologia perturba lemo por
lemma for L,-algebras naturally L.-algebroj nature priskribas
capture perturbation theories. perturbajn teoriojn. Aplikate al
Applied to physics, it captures fiziko, gi priskribas

« Feynman diagrams for
S-matrix

« Witten diagrams for AdS/CFT

+ Cut diagrams for
Schwinger-Keldysh
observables

etc. These involve natural
extensions of the basic HPL.

 Diagramoj de Feynman por

la S-matrico

« Diagramoj de Witten por

AdS/KKT

« Trancitaj diagramoj por

observeblajoj de
Schwinger-Keldis

Rtp. Tiuj postulas naturajn
generaligojn de la baza HPL.



Chain complex Cenkomplekso

boundary of boundary vanishes
rando de rando nulas




Differential graded Lie algebra

Diferenciala grada algebro de Lie

d d d
g=(+—>gy—> g > )

[,]1:gi®g — g
d(dx) =0

dlx, yl-[dx,y]-[x,dy]=0
[x, Ly, zl1 + [y, [z, x]] + [z, [x, y]] = O



L.-algebra L,-algebro

d=p:g—>g
[,]1=p:g8g—>g

Wit g®—eg—g
H_J

1

Z IJ,‘(IJ]‘(X-I [ 000 P X,‘), Xis1r s Xi+j—1) =0

e.g. ekz.

([x, y1, 21 + [ly, ], x] + [z, x], y]
- dIJ3(Xr Y, Z) - IJ3(dX, Y, Z) - “3(X1 dyr Z) - ”3(Xr Y, dZ) =0



L.-algebra L,-algebro

d=pi:g—g
[]—uz g®g—> g

Hi- g®—-®g =g
——

i

ZIJ IJ] X1y oo s Xi)s X1 - Xi+j—1) =0

Compatible with metric: Kongrua kun metriko:

(,):g8g—> R
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Deformation retract

= IdA

idy-d-h-h-d

j-p=



Minimal model Minimuma modelo

hZ g ﬁ H(g)

N2

3 f A
/\ /\ 1¢2 ¢s

1 ¢2 4)3 1



Field theory Kampa teorio

= l + l apbac o
s= [ 3800+ 2 £09°0%
= (B, (@) + (0o, 8) +

field
g = Span{¢, "}

antif.

u1(¢)a = (Dd))a
“2(4))0 = fgbcd)bd)c

0,07 [ o0



Field theory Kampa teorio

field
g = Span{¢, ¢}

antif.

u1(¢)a = (D¢)a
“2(¢')a = fabc¢'b¢c

6.6 [ o0

@ g Z—2 H(g)

on-shell f.

H(g) = Span{ker D, coker D}

on-shell antif.

&, = (¢1r“n-‘l (¢21"-r ¢n)) (n=23)



Field theory Kampa teorio

‘n = (¢11Un-1 (¢27"'r ¢n)) (n = 3)




Field theory Kampa teorio

*n = (¢11“n—1 (¢27"'t ¢n)) (n 2 3)
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AdS/CFT AdS/KKT

d
dS3as,, =2 (d22 * Z(dy')z)

i=1

Zugsy (8 97) = (exp(970)




AdS/CFT AdS/KKT

Se f detg 1 m2¢2)+l/\¢3)
AdS.q 2
f Jdetg lq) /\¢3) f P°Np°
AdSg.; 2 R9=0 AdSg, 1



AdS/CFT AdS/KKT

1
5= s detg (a¢)2 262) + i/\qb3)
2 + 3 + o o
fdsdn/detg (390 -m2 + 226%) [R s, O

g = Span{¢, ¢°}
Hi(9) = (A -m?)p
Ha(d, ¢') = Ado’

(6, 9") = fA  detggo



AdS/CFT AdS/KKT

1
(09) - m?¢?) + 22¢°)

R9=0 AdSy, 1

g = Span{¢, ¢°}
Hi(9) = (A-m*)p
Ha(9,9') = Adg’

(6, 9") = [A  Jdetggo

H(g) = Span{ker A, coker A} = @°(R") = CFT, source

minimal model = connected Witten diagram

= connected CFT, correlators



AdS/CFT AdS/KKT

H(g) = Span{ker A, coker A} = @°(RY) = CFT, source

minimal model = connected Witten diagram
= connected CFT, correlators

2-pt function = boundary term

o [ 3 (007 )
= j/:dsdﬂ \/E (%qmqb + %/\¢3) + [ d°Ngp°

R9=9 AdSy, 4



AdS/CFT AdS/KKT

Ad5d+1:
e ) . d [
fd) Né fRddy Rddy ly -yl ;A= 2 e
N 1
(o(y)o(y)) = T

Minkowski R9*":

[ oonoe - [ a*BEs0(BIO-P)

SI8] = 248,118+ (0, ol 8)) + =+ (M (@) T (@),



Schwinger-Keldysh Schwinger-Keldis

What if we use & deformation retract?
Kio, se oni uzus wan deformoretiron?

(H@). i) 7= & = (H(@). 1)
<¢1!ﬂn—1(¢21"'1¢n)) # <¢1'un—1(¢21"'1¢n))



Schwinger-Keldysh Schwinger-Keldis




Schwinger-Keldysh Schwinger-Keldis

(g = 9(1) ® g(z) @ - D g(N)

(’Tr ﬁrh) = (’I p, h+ 6([32 i mz)e(p0)0i+1<—i W 6(p2 v mz)e(_po)oh—iﬂ)



