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Accelerating states:

» Unruh effect [W. G. Unruh, PRD 14 (1976) 870]
» Global thermodynamic equilibrium state [F. Becattini, PRD 97 (2018) 085013]
» Black hole evaporation

» Eary universe
Why investigate?

» In rigid rotation, (T*") receives quantum corrections from w and a.
» What is the effect of acceleration on strongly-interacting matter EoS?

» Lattice studies require imaginary time and suitable boundary conditions =
what is the KMS relation giving these bcs?
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Global equilibrium with constant acceleration a

» In global equilibrium, the temperature four-vector g* = u# /T satisfies the

Killing equation:

» For constant acceleration,

"0, = Br((1+ az)0 + atd,],

where B = 1/T represents the (constant) inverse temperature,

» Imposing u? = 1, we have

T(x) =

a"d,, = af3T?(x)[atd; + (1 + az)d.].

Br
w9, = BrT(z)[(1 + az)d; + atd,] ,

8,u61/ =+ &Jﬂu = 0.

L1+ a2)? — (at)?) 2,

» The state diverges at the Rindler horizon:

(1+ az)? — (at)® =0,

» The proper thermal acceleration a* = a* /T'(x) has constant magnitude:

a = /—ara, = afr.
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Density operator for global equilibrium

» The density operator reads
H = exp [—/dZuTW@/] — e—b.ﬁ+w:f/2’ (7)

where b* = b* = Broy and wt, = (05 go, — 84 gsu).
» Taking into account the property T(a)AT(a)™! = T[(l — A)(a)]A, one can
factorize p as
[Becattini et al, JHEP 02(2021)101]

b= e—E(w)-pew:JA/Z’ (8)
where
B(w)“ — i i* (wh,, @y, w1, )b = B + AdY
2. UESH 1 T w, Vi 0 3
sin o i
B = — A:a(l—cosoz), (9)
such that p = e~ BH+AP” gaK*
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KMS relation for accelerating states

» Taking into account the properties

ePPH(x)e PP = d(x +0), Ad(x)AL = DA d(Az),  (10)

we arrive at ﬁ@(t, 2)p = e_asoz@(f, Z),

t = cos(a)t + isin(a)z + L sin(a),
a

isin(a)t + cos(a)z — 2[1 — cos(a)]. (11)

z

» The KMS are formulated at the level of the Wightman functions:

A

GH(z,a) = (B(@)D(2'), G (z,2) = (-1)>@()d(x)), (12)

with s = 0 for scalars and s = 1/2 for Dirac fermions.

» At finite temperature and under acceleration, we derive the KMS relations:

Gtz, ') = (—1)%e "G~ (, 3 2)). (13)
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Euclidean two-point functions: rational acceleration

» The KMS relations transfer to the Euclidean two-point functions:
Gp(F,7X') = (-1)%e 5" Gg(r, ;. X'), (14)

which are solved formally by

G (r 2 X) = Y (~)*e 9 aE (), 2 X)), (15a)

Jj=—00
where GY¢(X, X') is the vacuum Euclidean propagator, while

1
T(;) = Tcos(ja) — 5(1 + az)sin(ja),
1 1
z(;) = Tsin(ja) + 5(1 + az)cos(ja) — . (16)

» When a/27 = p/q € Q, the sum over j in Egs. (15) contains only ¢ terms:

[

GPD (7, 22 =Y (=1)2e 757 GE (1), 25 ). (17)
J

Q

I
o

V.E.Ambrus, M.N.Chernodub KMS for accelerating states 5/6




Energy density

» Using
1 acC vacC
G?C(XvX/) — A2 A X2’ SV (XvX/) :VEaMGE (18)
we find (in agreement with [*Becattini*, JHEP, 202%*])
3laT (x)]* 3T

et = LT 164 0) + 46Ga(a)]. Ep =2 47f ).

R 1 - )7 cos(ja/2)

Gnla) = 32:21 [sin(ja/2)]7’ ]2::1 [sin(ja/2)]"

> Since e~ 15" = (—1)P, SV (1), 2()) = (—1)PT9S29(7, 2), such that
Sg’Q) = 0 when p + ¢ is odd.

» For a = p/q: In this case, both GG,, and S,, can be computed in closed form.
We find:

o (x)]
gPy = [ . 8(()732] (¢* — 1)(¢* + 11 + 60€),

cpa) _ [T (x)]* 1+ (—1)pta
D 96072 9 ‘

(¢* = 1)(7¢* +17) (19)
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