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Setup for the problem. Definitions of 'Debye masses’

We start from a scalar QED on a some gravitational background (which is diagonal and depends

only on time):
5= /d“x\ﬁ [_42 1O+ ieAL) 62 — mP62| . g = @ (D)
Integrating out the scalar fields the effective equation is as follows:
OxAu(x, t) + /t dt'd?’y\/—g(t’)l'lu,,/ (x,t]y,t) g”"’ () AL (v, t') =0
—oo
with the polarization operator:

Mo (6t |y, t) =00 (t—t") (W] [Ju(x, £), Jo (v, t)]| W) .

Or, supposing approximately that A, (x,t) ~ A, (y,t'):

t ’
OxAu(x, t) + Au(x, t)/ dt’ddfly\/—g ()N, (X, t]y, t’) g’ (t') =0.
—oo
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The notion of mass depends on polarization. Use SO(3) symmetry and Ward identities o write:
Moo (4 ') = Ce (4,6, ) = Me (0,6,¢) . Tloa = VeMe (9,6,¢) 75,
Mag = —Cm (g, t,t') (5a5 q‘;‘”) + VMg (g, t,t') q(;qg (5)

where V:f(t) = 0t ( 20 f(t)). Then in the Coloumb gauge:

t
OpAo(q, t) + Ao(q, t)/ dt'/—gg"Ce (g,t,t') =0,
— 00

t
OpAa(g, t) + Aal(a, t)/ dt'/—gg®Cu (q,t,t') = 0.
— 00
Hence we can introduce two notions of mass:

t
m? . (t) = I|m / dt'/—gg®Ce (q,t,t'), mag (t) = I|m0/ dt'v—gg™Cuy (q.t,t')

(6)
and, if there exists the limit t — 4-o0:
2 . 2
mDeb,mag = tll)ngo mDeb,mag(t)’ (7)
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Figure: The one-loop contributions to the polarization operator. The dashed lines correspond to the scalar

field. The solid ones are photon propagators.
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General properties of magnetic and Debye masses in the curved background

Make the decomposition of the field ¢ through creation and annihilation operators:
d3p ipx T ex —ipx 3
o= [ oy [a0e™ fo(t) + b}t ()e ™™, [ap,a}] = [bo,bE] = @m)*6(p—a).  (8)

[07 + 20: log a(t)0: + p* + m*a*(t)] fo(t) = 0. (9)

Then the direct computation gives:

mie, = qllm 2¢e? / dt\/—gg 00/ 2n)? Im (fp+q(t) tfP(t)> ( . (1) El efy (t /))] '

(10)
t
mmag = 8e? / @ 3pap5/ dt'/—gg® Im [1‘2(1“)f*2 (t)] +2625a5/ @) fo(t)[2.
(11)
Interesting, that for any choosing modes and background:
m? agdap = 0. (12)
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For Debye mass we have representation with the commutator:
t
Miep Ji"o/ dt'vV=gg® (V| [Jo(t, ), Jo (t',—q)]| V). (13)
— 00

Because of the relation with total charge limg—0 Jo(t, q) < Q, we conclude that m%eb is non-zero
if the integral has divergences. For example, for alpha-vacuums in Minkowski space-time:

fo(t) = [O‘Peiiwpt + 5peiwpt] o lepl? =182 =1,

1
\/ 2wp
d3p |apl |Bprql® = laptql® 8ol _ _262/ d*p 9Bl
(27)3 Owp

(14)
2 2
=2e |

e ¢ qi’no (2m)3 Wptq — Wp
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Expanding Poincare Patch

ds? = %, n € (0,+00) (15)
We will consider the case m > %:
fo(n) = 0" hiu(pn) = 0" [aHD(pn) + BHD (on)] e~ 182 =1 (16)
Then
Mpeb =
= lim 2¢? /:o dn’n3n’/ (‘2’;’)’3 tm [ (hin (om) 00 b (I + alm)) (i, (o) 05, (Ip + ali))]
(17)
The result is as follows:
ey = =25 [ Lm0 (hisoMiup) — p () + s oIHL(R) )] )

Note, that for Bunch Davies vacuum m%eb gp — 0. However, it is divergent and may be
negative or positive for specific chosen alpha-vacuums.
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Breaking dS invariance

Consider the situation when the scale parameter a(t) is switched off in a while:
a(t) — eTtanh(%)—T (19)

After the expansion phase the system will be in an excited state with level population (in the limit
T — o)

_f0,1pl > p, |p| < pe=2T
b= 1 ot ; (20)
a1 Me <lpl < p
h = /m2 = (2527 In such
where g = 4/m? — ( =5=) . In such a case
2.2
> e 1
Mpep, = 22 Q2mp — 1’ (21)
Compare this to the situation with the strong electric field instead of dS:
2 e? _ mm? >
Mpe, = me € (eET)~. (22)

Hence, any electric field is screened, including the initial impulse, which indicates unphysical
situation — we have to take into account the backreaction of the scalar field.
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What's about graviton?

Sleww 8l = —1org | OxVIElR+20as] + 5 [ dPx [670,00,6 - m2?], (29)
Consider the small perturbation of the metric around dS:
A N 1.
guv = Buv + hy,y, Buv = 7H2n2 dlag(l, —-1,..., —1) . (24)
Then interaction terms of the scalar field with this perturbation have the form:
As = [ dPxy/ I T+ [ dx/TEIW Tntash”, (25)
where 1
Tuw = =58 (82902006 — m??) + 0,60,9, (26)
Muvjap =
l _2 /\wa cla c cl 2 _1" b cla cl 1/\ ) cla cl
8 (gaBng guaguﬁ) N ¢ ¢> 2&16 @ v + 28’;“1 B¢ P
(27)
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We will use Schwinger-Keldysh diagrammatic technique with the propagators

G(x,x") = (Tep(x)p(x)) = F(x,x") = ésig"c(n =n")p(x, x'). (28)

Then the effective equation of motion in the momentum space over the d space-coordinates has
the form:

1 N -
mDuﬂaﬁhuu(kv n)+
1 i d’l’ bub Ll LY ) tad pr
3 HT;’DHWWB (k\ﬁ ﬂ?) R (k') + 55 0 g (1) B (k,m) = 0, (29)
n

where the operator éuulaﬂ appears due to the Einstein-Gilbert part of the action.
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Tensor structure

General SO(D-1)-invariant tensor structure in this situation:

k
bub __ bub _ Kk

Moojoo = @ Mgojox = ’ﬁb’
s kicki

ngg\bk/ =g+ P

kik; kik
= Aoy +h— o P +f<5k/*(D*1) u /),
Kiky
k4’

bub __ 1
Moijox = €103 +

ki kiki k k k
bu ikiki ke o1k
n \k/—’k2d15k/ + id; P ids [5,/ 2 + 0 ﬁ} =

ki o1 ., kikeki . kkl . 1 ke 1 ki
,:k—’zd16k,+;d2 ka +id 5k,—(D—1) + id3 |83 k2+6’kﬁ ,

ik ik Kiki ki k
nmk, = e1dj 8y + {—Ez '4J oG+ ez%(sﬂ + 278“

kik Kik
o1k 4 sk k}+

+

L pikik

ik a4 k4 ik a P i e

+es [0 + 07 o5k | (30)

+eq {5
Kicki

where we've also denoted e.g. a(k|n,n’) = a(k|n’,n) and 5% =0l — et

Damir Sadekov Debye mass of photon and graviton in de Sitt MQFT 2022 12 /17



The Ward identities

NE AL

vloo
v /an\Ok

— (—iky)nbub
- (71k/)ﬂ

bub bub —
1/|0k + |:r|p,u\00 rlp,u\kk] =0,

(31)

,u,u|kl 0

reduces the number of coefficients to 7 independent ones A1, Az, Az, B1, B2, c1, 5. Solution:

D-2 m? 2 m?
a=A1— A+ A3,b—V/3*7,<A1+A2*fA3>+772A37
n n mn
- D-2- D-1 D -2
C2:—Vn/b+ T)’ b+ B1 + Bz,

2 2
fi=A+A2— A3, o=k |:A1—A2—%A3],
n n

. 1 1
T k2D-2
di =B+ B + Bz, do = k2 <E+ Bl) , d3 = ancl,

o 1 1
k2D -2
e = 7V,7/31, e = 7V,7/32, €4 = 7V7]/E3,

2 11 1 — S
< —ﬁiD_zez—7D_2f1’—n’(vn/fl’+d{), (32)

(f2+ Vb)), (fl’ —f+f f= —Vn/b),

(dz — ancz) s (d{ =d; +d, dé = ancz),

Damir Sadekov Debye mass of photon and graviton in de Sitt MQFT 2022 13 /17



And for the tadpole diagram:

ntad ()——1 48,0,/ F - 2+m—2 Fl = m(n)
oojoo (1) = — ¢ Lot L =:m\n)
n=n

o = =0
1
nta‘ok — é/p |:8na,,/F

0i|kl
ned =1 [ o,0,F
ijlkk = g 5 n%

D -3 m?
+ (D p*+ *) F] ik =: m2(n)dik,
n’=n -

nf)%c\‘k/ = m2(n)0u,

D -5
- (Df >+ 7) F] X (850u — Sijy — Sidj) =
e —1

3(n) (864 — SikSji — Sindjk) - (33)
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After this, we can write an effective EOM in scalar, vector and tensor sectors of graviton's modes
separately:

hoo = 2, hoy = ikeZ + Z,],
hiy = —2Wy — 2kikiE + i(ke W,T + kg W,T) + b7, (34)

where kakT = ki WkT = kkhZ;T =0 and hZLT = 0. For example (which is the most simple), in
tensor sector we have an appropriate definition for the mass:

v nanhi}—T (K + m37 (1)) hiJTT =~ 0, (35)
L o dn’ _ =
2 a0 AT
myr = 327rG77||m0k||m0 [/n D—2,7D-2 53 (k|?77 n ) 273 (77)] . (36)
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Discussion

@ We considered Debye and magnetic photon masses in the framework of particle creation by
external electromagnetic and gravitational fields

o We didn't calculate the higher corrections to the photon mass, but the propagators may
receive large IR contributions

@ In the similar framework we calculate an appropriate masses for graviton in dS

o It would be interesting to investigate different patches of de Sitter space and other
space-time geometries
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