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1.Introduction

Unruh effect

- A observer in an uniformly accelerated motion ses the
Minkowski vacuum as a thermally excited state.

a

acceleration

Unruh Temperature Ty = 2& :4><1020K(9 : a/ 2)
Tr O0MmM/ S

Signals of the Unruh effect will be tiny
for the Unruh temperature is very low.



B Physics related to the Unruh effect

Detection will have Impacts on the research of fundamental physics

v Unruh effectis the simplest system that the relativity
and quantum mechanics play important roles, simultaneously.

v Unruh effect can be understood in analogy
with the Hawking radiation by the equivalence principle.

v Hawking radiation and Unruh effect

Quantum effects in a system with the horizon

v Experiment of detecting the Unruh effect might be possible.



e
Possibility of detecting the Unruh effect?

Electron acceleration with an intense laser Chen Tajima (99)

o A3 Schutzhold, et al (06
Electricfield ~ eE=10"eV/cm

ha ek
For an electron, T, = =7 % IOSK( )
Y 2mck, 10”eV/cm

They argued that an electron emits radiation in an accelerated
motion in the thermally excited state due to the Unruh effect.

(Unruh radiation)? Iso, et al (11)
Oshita, et al (15,16)

Naively expected quantum radiations from thermal excitation induced
by the Unruh effect almost cancel out due to the interference effect.

It is also shown that the cancellation is not complete,
and some quantum radiation may remain, its origin is not understood.

=) Today’s topic



Trajectory of a observer in a uniformly accelerated motion

B -
wh = 28(7) v“vﬂl/ { =1+ 42
vt = 2(7) " 2 |2 .o 2
) at'a, = —a 2 _ 32 = _q
at = ZH (1) — - l
N —/Ag/ tzlsinhm—

_~ a
1
r = — coshar
a
>




Rindler spacetime is the coordinate of a uniformly accelerating observer
Minkowski coordinate, ¢, x < Rindler coordinate 7, PO

At .
F-region

T = const.
>
L-region R-region
p — const.
p=0

Rindler spacetime covers only the R-region,
a quarter of the Minkowski spacetime.

No information fromthe L-region, F-region,
— Rindler horizon

1
t = —sinh ar +Psinh at
a

1
xr = — cosh aTt +IO cosh at
a

ds? = dt* — dz?

< I

ds* = (1 + ap)*dr? — dp’

£ = %m(l + apP)

72

ds® = *%(dr? — d&?)



Rindler spacetime : coordinate of a observer
iIn a uniformly accelerating motion.

A observer in a uniformly accelerating motion
has a stick of the length p and the clock T

— 9
_ A\
_V

<€

Rindler space-time coordinate

v




Massless scalar field + Unruh-deWitt d?tector

uniformly accelerated motion

trajectory of the éetector Q1)
hyperbolic curve

1
O .
z° = —sinh at
€X a
>
1 1
z* = —coshart
a
Ho= 21 (T) Lin & Hu (06)

Iso, KY, Zhang (13)

((Q(ﬂé? ~03Q%(n) + 5 / A 00" §(2)0, () + Sine]Q,

SuelQ. 9] =\ [ d'adrQ(r)o(@)s (@ - +(7)
Linear coupling between O and ¢




2. Quantum radiation from Unruh de Witt detector model
S0l =y [ dr ((Q()? - QM) + 5 [ 50" 6()0,6(x) + SunlQ.
mwzw—x/d%vaw@mﬂm—4ﬂ>
@ 0"9,¢(x) = A / drQ(1)0p (v — 2(7))
@l dinn(T) = A / drQ(T)Gr(z — (2(7))

¢(x) = dinn(z) + On(T) @ Two point function
—energy momentum tensor

7| (02 + 93)62(7) = —¢(2(7))
2|
(%ﬁﬂgm) 2/&@)@@@2«»=wm<»

Dissipationdue to  Fluctuation rand/m force
the coupling from the vacuum fluctuations
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@ Solution of the Unruh-de Witt detector

(§+Q2) Q(r) — i/dT Q(r)Gr(2(r), () = %aﬁh(z(f))

Grlw.y) = 1-6(0)06" 1) 0= (0 y)(a* — v

reg. 1 8 452
GRQ(%?J) 47T\/7A2 -2 9(50 —?J)

regularized retarded Green function

[ a7 Q()Ga(am). 207 = 4 [A27T6/0/VRQ() - Q) + 0/

(W 27—+ Q2> Q(7) = %%(2(7))

- X2A27T(5/4) S
Arm~/T Ry
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@ Solution of the Unruh-de Witt detector

(455 +98) Q) = 2 [ arQE)Ga(ar). 267 = 2n(a(r)

d2 d A — >\2

solution |
Q) = M(w)pw)  h(w) = o

Energy equi-partition relation
(B) =5 (@) + Q) — (B)

2
|
||

-



Energy equi-partition relation

QAN = 5 [ QW) QW) = M()p()

h(w) =
(@) —mwz—l—mﬂ2—z°‘jf‘2

Property of interaction

QNQ()) = — / / duoda €7 =7 A2 (W) h(w') (p(w)p(w))

/dT/dT )
11— 6_27“"/@ Ow+w) \

v Determined by the Minkowski
a vacuum two point function

- (B) = = ((Q%(n) + 9*(Q*(n))
m , - 2 a
3@(7) ) = —— =5-= Iy Thermal property
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3 Two point function of the field

h(w) = 1

P(x) = on(z) + dinn(x ) —mw? +m? — g7
b () = A2 / / 0752 T h(w)Gr(z — 2(r)) ()

(@(2)o(y)) = (@n()dn(y)) + (Pn(2)Pinn(y)) + (Pinh (€)Pn(Y)) + (Pimh (2)Pinn (y))

Vacuum fluctuation +Interference term + Inhomogeneous
term

-3 [ dfﬁj (@) [Grle — 2(r)e(@)dn(v) + Grly — =(r){dn(e)p ()]
(

Minkowki vacuum

(Pn(z)p(w)) = /dmm(%(m)%(z(ﬂ» two point function
Key quantity 1 ] piwT
T | V=00 —ie? — (2l — 2 ()2 — 22
1



P ) = [ AR

Poles of (2 — 2°(7) —ie)* — (2t — 2 (7)) — 23 =0

o* € Fregion 7T =7_ —1€+12mna, 7T = T4 +1i7 +127na

" € Lregion 7T = 74 + 1w +127Nna

LT I T
° .7;27.‘.01 . e 12Ta . .
7'_: :7'_|_ Tre © T_ T_ o o'+
<~
« 2 ER ‘ez €F el




Physical meaning z" € R region
T :@— 1€ + 12mna

T+ is Rindler coordinate time of the point that

~ the light cone of x intersect with the trajectory of the detector.
xO

~. z' € R region
‘e M

L-region N




Physical meaning — z# € F region

T_: the point that the light cone of x intersects with the trajectory

T4 : the point that the light cone of x intersects
with the hypothetical trajectory in the L-region

— 1€ + 127Nna,




Physical meaning x* € L region
T :@+ 1T+ 121Tna

T+ is Rindler coordinate time of the point that the light cone of x
iIntersects with the hypothetical trajectory in the L-region.

L-region

x
x¥ € L region




=) e’iwﬁf) xt € R region

™ 1 iwr®| eww/a SIWTY M cF region
€
00 e2rw/a _ e2nw/a _

. TTW/a
oo e2rla _ 1 x" € L region




Interference term T,y € K, B gL L reregg_ oy

<¢inh (33)¢h (y)> + <§bh (x)qﬁmh (y)> ) — !
—z’)\z/dw L 1 1 < —mw? + mf)? _i“j;‘f
B 21 47Tp0 (:B) 47‘(’p0 (y) 1 — e—27w/a

: ([h(w) —WWE_T“ + h(—w)e T 7, (—w) — h(w)e—iw“f”i)zy(—w))
\ ] | )

| |
T T+

Inhomogeneous_ term
W e—iw(Tf—Tf)
<¢inh (x)¢znh (y)> = —i\’ / ;ZW 47Tpt(:v)4\ﬁ,0@¥m)/“ h(w) = h(-w)]

Inhomogeneous term cancels out by a term of the interference term
— The nalve radiation cancels out, and there remains some term.

(Dinn(x2)Pn(Y)) + (Dn(X)Pink(Y)) + (Pinh (T)Dinn(Y))

7:)\2 /-I-OO dw [ 1 . - y 1 . ” )
- o W e =TT 7, (—w) — e W27 (w ]
(47T)2/00 (CU),OO (y) 2m ( ) 1— 6_27“*)/0‘ y( ) 1 — 627rw/a ( )

— 00



What does the remaining two point function mean?

iA? T dw 1 ey 1 oy a
— ~n —Zw(T_—T+)Z . . —iw(7? _T"‘)Zx
(47T)2P0(33)P0(y)/ o ) [1 — 2w/’ v(w) = T mara© ()

— 0

1 W = —iﬂi

h(w) =
(@) —mw? + mf?2 — z“z‘r

_ /2 _ (02 =
e =7+ V" -8 77 Srm

- I\ I(z,y) N
- (477)2,00(33),00(9)( om Hy)>

1 a P U Gt ) 1 e~ (TL—7Y) 1

I = —if(t2 — 7
(z,9) i0(72 T+)[Q+Q 27T_|_ Q_ —Q, sinw_ /a+ Q+—Q_ sin Q) /a

n na(T 7'+) CL

0(r% — V)
]+Z (7% - [Q+Q 27 nZ Q_ —I—na (Qy +na)w

n —na(t¥ —7Y) a

g _—na)(Qy —na)w

v>Q x,y € F region



Energy flux can be derived from the two point function
L op(xz) Op(y)\ .. O 0O
Toi = yh—r>Izlr:< 0z® Oy’ > B yh_r)r;: 0z 0y’ <q§(x)qb(y)>

al? no=

! ZL: 0 (4m)2mr? sin* @ () = sing (t T 2a12 )

Q Polar plot of the radiation
a 0.01 flux emitted at |
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Energy flux can be derived from the two point function
Non-vanishing energy flux!

Energy radiation rate is

B 2 2
B rz/dﬂ@)fw A g 02 a

dt r— 00 47Tm 47Tm 27TQ2

v The radiation energy from the Unruh-deWitt detector, which is
consistent with the previous work by Lin and Hu (20006).

v This is not the radiations naively expected from
the thermally excited detector due to the Unruh effect.

v There is non-vanishing energy flux.

v The origin of the non-vanishing flux is has not been understood.



Interpretation of the origin of the radiation ?
Remaining two point function &,y € R region

<¢7th (x)¢h( )> <¢h ¢znh ¢znh )¢znh( )>

ZWW/G
_ -\ 2 —w(T—T
——z)\/zﬁe%w/a_l/dT/dTe (7=7")
)G

< |G, 2(7)Gay, 2(7 )G r(y, (7)) h(—w)

Canceled term

27Tw /a
:_7/)\2/2 oy, dT/dT/e—zw(T ")
T e2Tw/a

< |Gr(a, 2(r))Gr(y, 2( T,) (@) = Gr(, 2(7))Gr(y, =(r')h(~w)|




Interpretation of the origin of the radiation ?
Canceledterm =,y € R region

<¢inh(iv)¢mh( )>

2ww/a
— )\ 2 —tw(T—T
= —i)\ /27-‘-627rw/a_1/d7-/d7-,€ (r—7")

< |Grle, 2(7))Crly. 2 ~ Grlw, 2(7)Grly, (7)) h(~w)




Interpretation of the origin of the radiation ?
Remaining term z,y € R region

<¢z’nh (x)¢h( )> <¢h ¢znh ¢znh ¢znh( )>

2WW/&
:—Z>\2/2 Ty /dT/dTle—zw(T ")
T e2rw/a _

x| Grlz, 2(7)Galy, = = Ga(w, 2(7)Galy, 2(7)h(~w)

C V1

. R-region

X yu Nonlocal feature
Yy .

/ of the correlation?

1

Trajectory of
detector




Interpretation of the origin of the radiation ?
Remaining two point function x,y € F region

<¢znh( )Qbh( )> <¢h ¢znh ¢znh( )¢znh(y)>

7rw/a .
— —i)\Q/ o Tamw) /dT/dT e twlT=7)
m e mTw/a __
— Gr

< |Grle, 2(7)Grly.2(r (. Z(0))Gr(y, 2(7)h(~w)]

C

Canceled term

<§b’mh ( )¢znh ( )>

627w)/a

_ 2 ! —iw(T—7'
—z)\/Qwe%w/a_l/d’r/dTe ( )

< |Gr(x, 2(r)Gr(y, (7)) h(w) = Gr(w, (1) Grly, 2(7') h(~w)|




Interpretation of the origin of the radiation ?
Canceled term z,y € F region

<¢inh ( )¢znh ( )

27Twa
:_Z-)\2/2 o /dT/dT/ —iw(T—7")
T e2mw/a _
— G

< | Gr(@, 2(7)Gr(y, = k(. 2(7))Gr(y, 2(7')h(~w)




Interpretation of the origin of the radiation ?

Remaining two point function x,y € F region
<¢znh( )th( )> 7rw . qbznh gbznh qbznh( )>
_ _Z-)\Q/ o amala = /dT/dT/e—zw(T ')
< |Gale2(1)Cr(y, 2 rla, 2(7) Gy, 2(7) h(=w)|
. ¢

F-region

Nonlocal feature
of correlation function




Interpretation of the origin of the radiation ?
Remaining two point function x,y € F region

<¢znh( )Qbh( ) ¢znh ¢znh( )¢znh(y)>
— i) / ‘2{: 623 / dr / dr' e (=)
<[ Gr(w, 2(r)Grly, 2" Dh(w) — Gale, H()Grly, () h(-w)

Canceled term

<¢mh(ﬂi‘)¢mh( )
= —i)? / / dr / dr'e (=)

< |Gr(x, 2(r)Gr(y, (7)) h(w) = Gr(w, (1) Grly, 2(7') h(~w)|



Interpretation of the origin of the radiation ?

We infer that the nonlocal correlation of the Minkowski vacuum
is the origin of the quantum radiation.

Rindler spacetime is the coordinate of a observer

in a uniformly accelerating motion. 1
at t = —sinhat + £sinhar
a

x = —coshar + £coshar
a

Canonical quantization of

the massless scalar field.
T= const.

— U The Rindler vacuum state

L-region R-region

0, R) <— a;10,R) =0
¢ = const. Rindler excited state

¢=0 n, R) = \/——( "0, R)




Minkowski vacuum Is expressed as the entangled state
across the R—Rindler region and the L-Rjndler region

™M iwi/a .Z d
o) =TT W) 3 e ssloin, Ry @ pny 1| moce

j ’I’LJ—O Nj — \/1_6—27ij/a

bj|O,L> =0 CLJ|O,R> =0

= vy )us(an) + vj on)u (2)




What is the origin of the radiation 7 z,y € F region
<¢’mh( )¢h( )> + <Q5h (33)¢7nh ¢znh ¢’mh( )>

= —i\° dr [ dr'e= (=)
27 627“"/@ — 1

< |Gr(z,2(n)G - Gr(@,2(1)Gr(y, 2(7)h(~w)]

A Same factor | :

F-region

N x
The remaining twg point function\
understood as<@.consequence of the n
correlation of the field and the

nyaeHRfs the Rinc Ie{:rgj
Trajectory /-

Fory of
“\detector

Cancelea term <¢¢nh($)¢inh(y>>
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Results from the detector model

vYNon-vanishing quantum radiation produced by the Unruh-de Witt
detector in a uniformly accelerating motion,
which is consistent with the previous calculation by Lin & Hu (06).

/0rigin of the quantum radiation is inferred to be related to
the nonlocal correlation of the Minkowski vacuum, and the
entanglement of the state between the left and the right
Rindler wedges. This is also an aspect of the Unruh effect
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4. Unruh-de Witt detector v.s. Particle

Harmonic Oscillator Particle Isoeftal. (2011)
(Detector)
0 A Radiation ?

\’
Instead of detector’s excitation, we next consider
a particle in a uniformly accelerated motion,

the random motions of a particle appears due to the coupling
to the vacuum fluctuations. We consider radiations from it.




L ——

2. Particle and Scalar field Iso, et al. (2011)
Oshita, YK, Zhang (2015)

Slz, ¢] = —m/dT\/n,wz'“Z’/ + /d4x%8“¢8uqb+ Sint(2, P)

Sint(z,0) =€ / d7d4a:\/gw(a:)z'ﬂzV¢(x)54 (x — z(7))
. / A7/ FF 7 $( (7))

_ _ Oshita, YK, Zhang (2016)
3. Particle and Electromagnetic field

1 124
Sz, A =m / AT/l 5 "7 / 2" Fuy +Sing (2, A)

Sint (2, A) = —e/d7/d4x5D x — 2(7)) 2" (1) A7)
/de“ T)A,(2(7))



Particle and scalar field Iso, et al. (2011)

M 9"0,¢(x) = e / AT /M 32 6% (@ — (7))

&(x) = dinn(z) + op(x— @ two-point function —EM tensor
l Ginn () = /d4:c'GR(:c,x’)e/dT’\/nMVz"“ZV54(:c' —2(7"))

o / dr'Gp(z — ("))
0 0
| mzt = e 2M¢+Zﬂza_¢_nﬂa_¢ _I_F,LL
l Ox® 0z ) | ()
mit = i S + SH (2)2 te éuﬁbh + Z,uza% — nua% + FH
127 ox® ox® r=2(7)

Radiation reaction Random force



(@ Particle’s equation of motion can be solved as perturbations

e? 2 Odn O¢n
R B! i 0! oo 2D e j9s
mer = (2 (2)') e (o pefloged)| 4R
Radiation reaction Randomforce T
(1) = 25(7) + d2H(7) F* =ma(z,2°,0,0)
5z* Linearized perturbed A
equation
. /
Transverse component (perpendicular to x%,x!) / 7
!
. s 1
vt =0z" N> X
i 62 8¢h \
e T R A

Longitudinal component (parallel to x°,x?)

2

m(8€ — a%6¢) = .

o7 (55 — a255) +e [a + 3/(‘35] th‘m:Z(T)



Random motion In the transverse direction
9 8qb Under the influence
€ h

i %) . q of the Unruh effect
vt =902 muot = v — a®vt) + e :
127'('( ) ox? x=z(T)

’Ui(T) — U?:<,7_O>e—a0'(7'—7'o) _|_ E/ dT/ ith(Z(T/))e_aa(T_T/)
m o

Initial condition 2

e a
T = T0 v' = v"(19) o = <1

12mm

(v (1)) = e 2 ) ()

/ / d+" d+"" e —ao(t—7"") —CLO'(’T T”/)<az'§bh(Z(T//))aj¢h(2(7///))>

Minkowski vacuum state

, 1 1
<¢h(x)¢h(x )> T 4n2 (t—t' —10)? — |x — x/|?

CL4 51']'

3272 sinh4 (a(r—;’—z’é) )

(Dm0 (2(7)) ) =



2 5 ,
1 / L e 57/] W _|_a
To — —OO <U (7)v? (1 )>S 24 m2m?2 /dwwa202 s
_ 6257;3- {W ,
Im[w] 247‘(’2m2
W
ti?»a |_
12a
e2a
R o= <1
1 12mm

_20,2 Z

COth(ﬂ'w/a)eiw(T_T/)

@ (1 B 02) cot moe

—ao|T—T1']

n — 1 —na|7'—7-’|}
n2 — g2
alt — 7’| < 1

1

; <vi(7)vﬂ'(7’)> g O a

L/, . T, )
%<U ’U“7> _513 9 Ty = —

=) Energy equi-partition relation

g

a|lT — 7])2

—

T

O(a2/m2)



(2 Solved the particle’s motion (We focus on the transverse fluctuations)

Solution of the field (two-point function — EM tensor)
() = ¢ (x) + Pion(z) Grlw = 2(r') = 0(t = 2°()d((x — (+'))?)

e €

Ginh () = G/dT/GR(.CE —z(7")) = drp(z) - Arz(t_) - (x — 2(7))

pla) = 2(1-) - (z = 2(7))




Two point function T = (0.60,6 — 519 60.9)

= 1 (0,6(2)0,0(y) — 370" H(2)0 ()

O(z) = ¢n(2) + dinn(z)
(@(2)o(y)) = (Pn(®)Pn(y)) + (Pn(®)Pinn(¥)) + (Dinn (2)Pn(Y)) + (Pinn (%) Pinn(y))

bonn(2) = — (1_50(96))

47 po () po(T)
dp(x) = 62" (12); o= 1;:71 <1
52" (1) = %/ dr' 03¢ (2(r))e 2 =)
dw _ !
= 6/ o h( )8ZQO(UJ) h(Cd) - m(—iw _|_a0->

on(a(7)) = [ Gdhplw)eT

€

Ampg(y)

(Gn(2)0p(y)) = ——a—(n ()55 (T¥))

(On(x)Pinn (y))= — 477,0(2)'@)




Two point function

(3(2)(y)) = (dn(@)dn 1)) + (D0 (@) Ginn (1)) + (Gun(@)En()) + (Dinn () Pinn (1))
(fbh(x)dﬁinh(y)?/: 47%( )<¢hyh( 2)82' (1Y)
dw
€ % )>
n(@ip(w)) = [ drem (Ston@on) =1 &BZP; ®
esz
P )= [t e
1 1
<¢h($)¢h(z(7))> — _47_‘_2 77W($“ - Z“(T))(:UV - ZV(T))
(a0 = 20(1)? — (a' = 2}(1))? —2? =0 > Ti




Correlation of the homogeneous solution and inhomogeneous solution
Zy(w) = ™/ %020 — 21) + (=2 + 1)

—jae?  xt

y' [
m(4m)? pg(z) p5()

_ _|_ - WW\T. —T_ _ _ 1w 'T_I_—'T_ Z _
+/ 21 e—2mw/a ] <<2p0(y) a ) ‘ - 2p0(y) - a|© o(=w) ac —iw

1 L2 ' R L2 ] w(TE—7Y 1

ome~2m/a — 1 \\2p9(z) @
\ ] |\ J

(Pinn(2)0n(y)) + (On(2)Pinn(y)) =




Correlation of the homogeneous solution and inhomogeneous solution
Zp(w) = e™/9(2® — 21) + 0(—z® + z!)

—jae?  xt

y' [
m(4m)? pg(z) p5()

_ + - WW\T. —T_ _ _ 1w 'T_I_—'T_ Z _
+/ 21 e—2mw/a ] <<2p0(y) a ) ‘ - 2p0(y) - a|© o(=w) ac —iw

1 L2 ' R L2 ' w(TE—7Y 1

ome~2m/a — 1 \\2p9(z) @ 200(2) @ o +iw

] | J
| |

(Pinn(2)0n(y)) + (On(2)Pinn(y)) =

. . T_ . T4 .
Correlation of the inhomogeneous solution and inhomogeneous solution
2 1
<¢znh(x)¢znh(y)>: .

(47)2 po(z)po(y) 71_—

[ \
iae? zly’ / dw 1 W ( (Y —rT)  iw(r® _Ty))
— — (== —e -7
m(4m)? pg(z)pg(y) [ 2m e?7w/a —1 a




Correlation of the homogeneous solution and inhomogeneous solution

quantum radiation

—iae® ' Y

m(4m)? pg(z) pg(z) [

_ + WW\T. —T_ _ _ 1w 'T_I_—'T_ Z _
+/ 21 e—2mw/a ] <<2p0(y) ag ‘ - 2p0(y) - a|© o(=w) ac —iw

2 - 2 '
N aby NW\ vty [0k W T 7, ()| —
2m e~2mw/a — 1\ \ 2pp(2) 4

(Pinn(2)0n(y)) + (On(2)Pinn(y)) =

| |

. . T_ . T4 .
Correlation of the inhomogeneous solution and inhomogeneous solution

e? 1 . ..
(Pinn (T)Pinn (y)) = FEEwmpwm «—classical radiation

T_
. [ : 1
__iae® oy / dw 1 iﬁ(_eih\ﬂ—@ _B—Nf—@)
@ A@AW ) 27 e 1

(Pinn(7)Pinn(y)) 1S canceled out. Iso, et al. (2011)
Chen & Tajima (99)’ naive radiation cancels out.
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Quantum radiation is originated from the interference term
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Energy momentum tensor

1
T/“/ = M¢8y¢ — §gwj(9aq53a¢

Energy flux fis computed from the two point function
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Energy momentum tensor component
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Angular plot of the radiation
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3. Particle and electromagnetic field model

S[Z,A] — —m/dﬁ/nu,,z“z” —1/d4xF“”FMV ‘|‘Smt(z A)
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Random motions in the transverse direction satisfy
the energy equi-partition relation due to the Unruh effect.
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by a term of interference
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Energy momentum tensor

1
T/“/ = M¢8y¢ — §gﬂyﬁaq§3a¢

Energy flux fis computed from the two point function
7oy = tin ( SV _ iy 09wy )
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Results of the particle models

Random motion in the transverse direction satisfies
the energy equi-partition relation (thermal property)

Naive radiation component cancels out.
The interference term makes contribution to radiation flux,
but makes negative energy flux of the order

dFE a dF

E Quantum - _EE Classical
Quantum effect suppresses the total Larmor radiation.
This quantum effect from the remaining interference term
will be related to the nonlocal correlation of
the Minkowski vacuum.



5. Summary and conclusions

v There exists the non-vanishing quantum effectin the radiation
produced by the Unruh-de Witt detector and a particle
in a uniformly accelerating motion.

v For the particle models, the quantum effect suppresses
the total Larmor radiation.

, Origin of these effects will be related to the nonlocal
correlation of the Minkowski vacuum, which is understood
by the entanglement of the Rindler states.



Thank you.



