
3.

Correlations
and

Analyti.ci/-y-
Read : arXiv 1509.00014 section 3

.

(posted on website as "

causality review
"

)
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Properties (in RD )
Euclidean correlations of local operators at separated points are

① independent of ordering
([043101%1]--1)=0 lxix,)

① single -valued :
-

unchanged !
In CFT

,

÷ (01×1106×2)> = lxixzf
"

= [ Kiki ]
"

no cuts !

② Reflection Positive [rovisional
"
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of CFT :

✗ %É?ÉÉÉÉ"✗
a basis of local operators with

- - - - - .

3 0

✗
definite mass dimension

.

✗

. ✗

×
:-.

.

> o

÷



"

Proof
"

nm

(This is not so trivial with gauge
fields

. . .)

/ D8 0/19,1%10/1-ii.E) . . . e-
SE

= folk l±*T
EET

=

Jd$ohi)µDo 01T , ,xi ) e-%-)
'

Eg

> 0

(assuming SEER
and parity even

or SEEIN and parity odd )

Interpretation
Defn . 0ft ,IJ+ = Otft, I )

= Oft ,Ñ) for real field

(01-5×7019×7) = < 01015×7+015×710>
= µ OHH 102/12 3 0



The full statement of reflection positivity allows for

arbitrary superpositions, I'll leave
you to

work out

the inequality .

Comment :
__

Some of this carries over to other manifolds
,

especially if they are highly symmetric .

E-g. all true on SD
.

③

Jfk;;xn) $1K) - - - cflxn) /O) is dense in It

XIEIRD

Roughly means that you can make an.y_state
with these operator insertions (by taking superpositions)

,

and that you can therefore learn a Lot about a

QFT from Lorentzian correlating
.

( " reconstruction theorems
"

; many technical assumptions . . .)



Lorentzian Correlations ( IR"
" -

1)

Emphasize :
"

Euclidean QFT
"

us .

"

Lorentzian QFT
"

are not two different theories
. They are two different

ways to study the same theory .
This is especially

powerful in relativistic QFT because often observables

are related by an analytic continuation
.

ex . CFT 2-point function

(01%1%1015,1%1) = [15%12+1%-512]
- ☐

Continue e- → it

Coltrin 01+5%1) = [ - It,-t.T-lxi-I.IT
"

unambiguous at spacelike separation, but for TL →

for
Xi -
°

= [ that - hint]
"

1-11
"

in

etiñn ambiguity !



⇒ i101%1 OH ,
01×1101%1)

✗ ti-tz-ilx.cl

{
titi hint

tf
• ii.µ • ✗a
;
:



Now in formulas :

Thus for t
,
> t
,
+ hint

,

Colt , ,Holtz , ii.7)

= [ - It,,Y + hint]
- ☐

/
path 1-

= e.

""

kid
"

and

<o.o , >
= e-

""

ix.if

(explain how this relates to contours)

ieshoand

(01×1101×21) = f- It , - ie - ta)
'

+ HIM
- ☐

(01%101×17) = [ - It , - It.io/i-Ixi1Y-
☐

&
w/ principal branch for log .



Which is which ?
ummmm

Im (011701+21) for I ,=É=o, t ,> t,

= In < of eiH-%de-iHHiti.IO/oyei/iHtz1o>
9

fd "p ftp./0-fp4/pKp1hd.o.s
.

(Poincaré reps)

= In

fdipe-itittitjo.gg/p)Cp1OloDpfp7O-lpY1COloHpY#
30

I.E
,

In G'
"

( p) 3 0
"

spectral density
"

Fi entire

(To complete this calculation you must actually do

the Fourier transform )
Note that unitarily fixed both sign of GEN .

and choice

of analytic continuation
,
for related but slightly different reasons

.



ex.4-poiatsolx.IQ/z)Olxz)Olxy) )
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< 990,0,>
< 0.99%
< 0,9997



ii.general
Given Euclidean correlatingftp.D?KIPCOlt.,I)OlTa.E).-.

>

these can be analytically continued to tie ¢ with

Rei
,
> Retz > - - .

and Lorentzian correlations are

(Olt, ,xi)Olt↳I) . . . >

= dim (Olt , -- iltiic.IDOlti-iltz-E.ie/,xi)..o)
{→ 0
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