
5.

Thermofield

Doubly
Read : QGBH Thermofield double exercise in 55

QGBH 17.1



rntangle.my/
4> c- It

,
④ Ha is entangled if

14 > f- 141×01142 for any 4,2

f on It
,
④ It
,
is entangled if

f * § wipiilxop.li
)

we'll have a lot more to say
about entanglement,

but that's all for now
.



Thermofield Double

Any mixed state f in QM can be
"

purified
"

by enlarging A C H ④ Hair

i.e.
,

7 14> G- It ⑧ Havx
,

gp
= 143641 (pure ! )

g
= trauxfy

Thus < 0,9 . . .}
= <410,9--14>

And we can take

Hau×±H

Proof :
Diagonalize g

= Ep ; Ii> til
i

Then

It> = E. Fili> Ii>
i

exercise : tray 143641 =p

* purification is not unique .

* entangled pure state
in ltxltax

¥6 mixed state in It



Applied to thermal state g= e- PH :

{
Conventionally for
QFTS we take the

CRT conjugate here
,

Double It → It ④ If l identical CRT then It,=H,
I 2 copies of H)

/ p) =
1- E. e-

PE"
In>1¥,

I 2

Ep) no

/

For O 's acting only on It
,
,

<pl QQ . . - Ip> = ¥ tre-PHO.ch . . .

This all works for any thermal system in QM .

Now return to QFT :

Note isomorphism

operators p
: It → It

states 4 c- It ④ It

1m? In} → Im> <n /

Ip > ← Ffp
*→it

d-☒It



TFD from path integral
- - - -- - - -

t.tt <

/ P) =
- PHK

= gypI plz
= e

- - - - - - - -

It
,

exerc-i.se
: check 5¢ , , 4,113 ) is correct

.

( ie agrees with
definition of Ip) above)

formally ,
"

maximally entangled
"

state

Imax> = [ In> In) ← operator 4-
*→*

= Io

and
- pit ./4 -PHI"

Imax>Ip> = e e

so I like to think of TFD path integral this way .



Minkowski Vacuum = Rinder TFD

Claim :

10> = / Bhind④RiadMinh

TW.at
.
Boost charge .

Derivation :

to> =
M .

✓ "strip ofsize plz in G- direction
"

ftp. = e-
ñka

Be- slice→ Path- integral rep . of

or

[ e-
"K"

In> Iñ>Ip > =

n



Interpretation
IBD -1,1

B A

In QFT vacuum , B and A are highly entangled .

for entanglement at short distances ! )

This is why ya alone looks thermal
.

We'll revisit this more quantitatively later
.

and why
6011=0, E) 04=0,8 ) ) ¥0


