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Aspects of Vacua on de Sitter space

oy
Quantum Entanglement
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de Sitter Space
— X5+ X? =1 (embedding)

Euclidean
(t — 20)

ds?

—dt? 4 cosh’tdQ3_,

(global coordinate)
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G_Vacua In dS Mottola('85), Allen('85)

Massive free scalar on dS
S = _% /d% vV —g(D,®D"*® + m?®?)

SO(1,d) preserving vacua, with parameters (a, 3)

P standard (Bunch-Davies) vacuum

G(x,y) = cosh 2a Gy (z,y)
+ sinh 2a(cosB Go(Z,y) — sinB D(z,y))

G(z,y) =<{P(x), P(y)}>
D(z,y) =<[®(x), P(y)] >




a-Vacua in dS (2)
P(x) = Z (an(m)an + qb;(w)ail)
= (n(@)in + i (x)al,)

an(w) = (cosha) ¢, (x) + eiﬁ(sinha)qb,’,:(a:)

a, = (cosha)a,, — e *P(sinha)al

an|0 >=0

“‘a-vacuum’
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Particle Creation and Entanglement

Particle creations in dS:
 Not exist in Minkowski
* Depend on vacua

» Generate Entanglement

— =

Entanglement Entropy
characterizes dS & different vacua.

Bunch-Davies vacuum: by Maldacena-Pimentel(2012)



Entanglement Entropy

H=HaAQHB

Ptotal — |\IJ > < \Ill
PA — TrB [ptotal]

Sa=—Trpalogpa



Vacuum Condition by {L.R}-Oscillators

Total & LR mode functions are related as: L
AN
K /
Xo () = Z (agothq(xq) + Beo¥q(zq)) =
(0 ==1) q=L,R Sasaki-Tanaka-Yamamoto ('94) 4 \
/
Q —\
. i 4o (13D) Bao (D)
Qg = Z ('anbq +6qabq) qo\V> P qe\Vs P
q:L,R an(l/,p) 5qa'(V9p)
_ Known functions )

a-Vacua: a,|0 >=0
o= Y (Fusby+50b})
q=L,R .
(cosha)~y — e *P(sinha)d

(cosha)d — e *P(sinha)~y

5
5



a-Vacuum Wavefunction

a-Vacua: @q|0 >=0 Ay = Z (Yqobg + 05501

q=L,R
.-
~ L 4
|O >—= exp(—mijbibj) |O >T1, |O >R 3 e
2 Mij = —0;5(7" " )oj
o |' — I%nlﬁ, > |’fb’ >R _ (p C)
iagonalize "0 C p

R2=A /A% —1

€1* + (Ip]* = 1)% = (p*¢™* + p™*¢?)
2|¢|?

A=



Entanglement Entropy

0>= ) &"A > |? >r
n>0

|<]®

1A log |i<3|2

) Spp/V = /:odpD(P)SEE(P)

D(p) xp® (d=4)



s. Plot of Entanglement Entropy
¥ a=1
ol | =2 (d=4, B=0, future infinity)
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=Y
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sSummary

* dS has nontrivial a-Vacua
— generate entanglement in different ways.

* \We computed EE in a-Vacua by direct evaluation
of the wavefunction.
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