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Thermal Spectrum
and

Uniformly Accelerated Observers in Spacetime with Boundary
BEK - B ABESKR . &K

1 Introduction

Minkowskd B§Zs 4 — M EH 4 2 £33 ( Uniformly Accelerted Observers) (Ll
T UAO &B89) i3, Minkowski MZPREES | IBREE o IKHP$28F T = ha/2rc 23508
BOX >IR30 [1] REMITE S & 1B EEFAHEREER LTV 2 S3RE B o1 F ( model
detector ) HSNBEEE a T—HNLEESES) L& &, PORRERIRIDOBIEERER (7 response” F(w))
i3, £ detector EEF T OMBHITEH BIFS LR/ LFUCIEB, T . F(w) i3 detector »
HHREICE - 7D 2 SRR O 7 — V TR TH . wid, detector DEERRID x 2 N+ —
THbo

& 25T, UAO o#ighiz, MinkowskityzZEz = (¢, X, Y);Y = (v,2) & Lc. EEHE
R T 2o T, |

t(r) = Lsinhar (1)
X(r) = % cosh at

E WS INEREE S X D5, BEFDinAEt. UAO it & > to Horizon T b, $RER & 4AlE
Lii. HEMICBENT WS, BB, SRR ICWS UAO 13, B4R EIMas C EitTs
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COEM, BFRICEDRICRME 20 WD &3 BEWI ETH B, CORFED—
& LT, Minkowskr HZER ER UAO 55, NI @ls 278 2B Mo L > B %,

C OFIE L it blackhole £ATHZEISVWT HHSNTHD [2] . choodnd, 8
e BTRROBIFEOMIC, {7 ShoBlish b LEREL TS EBDNL, (3] Cofdil
EHRBILHICD, %ﬁfi%f‘&ié-‘t&miﬁiﬁf%li\ B{FRSNTW5S,
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UAO o#witgomilidi. Thermalization Theorem {4 - TiBAT & %, THhick
3 &, —HINEEREBERTHBORFHREENRTS S & RIOMFER &R L IZRIRCEENT
W3 bBPH 59, Minkowski BZEREEIC BW\WTId, fAIKR &R L IcHEREDSH 0 . FRKLL 3R
BRI E » TEBNTIREIAIH>TW3, 2@ Thermalization Theorem DR, F(w) A3,
KMS &% &390 3, T Eid, UAO B35, & L BFEEIREICILS C E2 BB
+ 2, 71272 L. F(w) #5, KMS Rl A T3 5 E W T, spectrum 25, Planck 3% 5
LRSIV (4] 6

SO IT. OB ot 2HRIEL OREPE XL DL RA i, AL f;s‘ﬂgwy\ pRre:
BEFANTH B O &IZHEGS 5, [5] [6] HIA . ﬁEijL xR X 3 i) 5 boundary %4
n. YEERC, TR L OEHEZ T LT 1EE. CORMMENEDL Y IEDL DT
A3 LILEOESD S, Rindler-wedge O (51 0 ) »50OFERE b i< boundary 0% %
Minkowski 575 ¢ response 45 E DRRICIREE S D2 TATo £ D8R, F(w) % boundary 73
L NEED Frr(w) & boundary o%hE% &b IE Fy(w) oficssd &, iR (detector
AEEh X B AH5ED MERAOEIR T,

bl—if;[tlo Fy(w) o §(w) (2)

ERRBCEEBDIT, DI &%, response ([T BIBDORIFEHKD OHFEZTANTH B &
iIc& v, HlEE O mode L£[EE D mode ORIDIEZIHS DI LT, Rid- ioF 50+
BEEIETHRIRTE D L EERLT CORIBEDORITICL STRRALT 5o F 7 BRRIBFR
2HRICE 3 C & T, boundary SROBIHIFIEEM: & Thermality oRIEERT & EhHK 2,

12 Ladic, boundary ofEWVESIc> W, Thermalization Theorem & KMS &4z
SWTHBA L, ik, BREFEREEZEL SN S, FHEICHFYd 3, iz, boundary $H8ic>
W3,

2 Demonstration of Rindler Noise

NERBHEREERI 2150 AR TFEZE R 5, hdd, BB LEEICHBIEAL T3, ok
IRAEET DE % detector LIEX T LicL&H, S detector DNERHEHERIZ. IRTER
&1 % respone [THA4 3,

 Fw)= [ Zdr /_ o:o dr' e =) G (2(r), 2(+)) (3)

s ot GH(z,2 ) =< O|¢(z)p(z )|O >1i1. positive frequency Wightman [§<
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(BRI HOMER L ZDIEH |

bBo O T UTOMAE, BEEME LT, Ar=7—7, 7= LT,

(o]
Flw) = / 47 F(w, 7) (4)
- |
Fw,7) = / dATe WATGH(Ar,7) (5)
-0
EEIT D, HHCEERIIES. (5) it BIAHSRAdS 72 0 D response EEHREI NS, JDresponse

i3 BORKELRINARIFS 5o 4512, W% (1) O—HIBEEERL L7352 %, Rindler Noise
ENF35, 4 IR5T masless scalar IBDIEA. (5) 3.

w 1

Flw) = 27 exp((27/a)w) — 1 ()

i, BET =a/2roBiaoh%iEE L TW3 detector O response & —E3 5%,

3 Thermalization theorem and KMS condition

—#t0 UAO o4 2 BB FiRE LT, WA, UAO o#ifo Lorentz ZEfucxiL
TARETHBC EM S, Boost icxd 3/95 2 — 9 — 2B L4 24675, BFRVOIEETH 2,
Zhud, BEBR SHEIL . ThEICWB—EED UAO Its » T, MIcfEon 5, & AT,
5 ¢ 5. Minkowski B TER SN BIHE. ThTh—#0 UAO icxi¢ 28 Fimn S
R 5 &. Minkowski HZK#EIR, FRIR & AEIN L OB ICHIRIMER% %> ¢ TFD tEIL
fE (7] 1wii-TWB, BB, FEEROEHESYIENEBE TS 2 &Thid, L OHHE
i3, tildespace o HHEF it L. Minkowski Brzeikagiz, TFD cE5& 2 A0EE T o
BZREE G B, C DM & &1, Thermalization theorem Lot 3, GEL
i3 [4] 88 ) o . @ Thermalization theorem %{#i- <. UAO o#if%: Aht:
Wightman (% #< & (CCDETIR. 2T TELD, (FEDRITT. BRI EpE &
%) (w=|k|LT)

6*(ar) = [ Tk | o P [(1 4 m(w))e AT 4 m(w)eaT] (1)

-0

LB Bo I TPE B kD mode DZERIKS. n(w) . Bose TN TH Bo C
Nk, KMS &M, BISERIILLTWA I ENSh b, 7— 1) =& L7 response DS THA
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e sHE
7- KMS £&f4i.
F(w) = e TF(-w) (8

THy, i, HEHHOFEEEXED L TVWS, Fhtf. Thermalization theorem .
Rindler Noise 5, KMS &4/ ¢ & L2 {FET 5, ¢714b 5, detector 07 v v 7
W EEZNUL, ORI, BPEHRIEICIN A S ENER Do 5. UAO i3, BIREEDINED
oW ERERG %, & AT, KMS &2i%t-dH» 5 V- T, Rindler Noise o spectrum
s Planck e 3 ERELM Ve Thid, —Afc. | it |2 25, w kA D ST,

4 Rindler Noise in spacetime with boundary

4 k¢ massless scalar IBicit T, boundary Ofif/iE% fig 1 kS icEE o 25 b
BN E CAIRBL &T 5, o, Wigthman B3,

G’+(z,z') = G'M(:c,:c')-f-Gb(z,z') (9)

@I 2, T, Guyle, z') 12, boundary oéE\ & & D Wightman BcH 0.

Gi(z,2 ) = Gu(X, Y, t; =X +2b,Y 1) (10)

i3, boundary OEEEH LT3, —HNTEEEROMIFE AN,

Gu(7, AT) {sinh(g-Ar — i€)}? (11)
Gy(7, A1) x {A — Bcosh(%A — i)}t (12)

A = (cosh(a7)? + (ab)?
(cosh(a) + (ab)") )

B = 2abcosh(aT)
LB, ThEn, bbunda.ry D& 51540 Rindler Noise (3,

f(w) = .7-'M(w)+.7-"b(w) (14)
Fp(w) = /dv—'/dATe"i‘“Aer(r, 7) (15)

— 366 —



CHR R HOME L 2 OIS

= / 47 Fy(w, 7) (16)

LEIF B, Fu(w) i3, EiEETSH . Boundary B WIHITHIET 20X L. Fp(w) iy
FHIETH D, b — —oo T, 01/ BIAT., Boundary $IRTH 2 080 2, FH. TOD
IHiz. KMS &2 i%7- &4, Thermal spectrum »50¢Fh%t5< 3, . boundary %)
Bo b kgt (15) oRBERTT 5 &I kD,

N, @a 1 1 sin(%‘ﬁ'}')
Fb(w)T) - (ﬂ ePw 1 [eiﬂw +1 m] (17)
v = cosh—1(| % D | (18)

CIT. Hid. 1>b0>0 oBThHh. —id. b < 0pBsTH 3, T b—0
g hig.

1

Fb(w, 1—') — 2#5(w)m

(19)
L1 Fy(w) o §(w) ER%D T EMDD 5o

5 More on Rindler Noise

Z ZC. Rindler Noise @ boundery %h5# F; 5, boundary offE% b — +0ic4 3
Eb6(w) I BYPRNIREBHEE XL TAI W, £ D78, Rindler Noise %, il 0S5
EWHET, BEVWTCHBIEITT B, T, HA mode % Right moving wave(RMW) &
Left moving wave(LMW) @2 2ic433. T D2 >DE0EM% 13- & DRI BTETITH £ L
<. Rindler Noise %, ¥ IS 21T 722 T& <o 2 = b7, ¢ = 0 &73 5 Dirichlet
S&FEi oA mode i3, (k> 0) ELT.

W(2) = 1 Gik(z—b) _ e—ik(x-—b))eilf’)?e—iwkt

2w (27)3
e“h; —ikb_ R ikb_ L
= ——— (e ufl(2) — eMul(2))

V 2wi(27)3

(20)

— 367 —



s
THb, hafv, Rindler Noise %3k 3,
Flw) = / Tak [ aR o ) P+ | £ )
0 oo 2w (27)3

B fom"’”“ /Z 4K ?J,Z(lffﬁ((e*ikb)"’ff(w)ff*(w) + () i (w) £ ()
— fM(w) + fb(w)

(21)
T RE . o=4+1, LEo=-1Ths5bsd & LT,
oo
£ (w) = / dreTul (2(r)) (22)
-0

ThHbo & T, rapidity 9,2 8A LT (22) 2B \WTH 3, rapidity 9, &id. wi =
SR ph ph =K+ m? L

{k = ppsinh 9y

23
= pjz cosh Jy (23)

TERSNS, Thx, {ED &,
. flg(w) _ /dTe—iwreoifcosh(ar)-—ii} sinh(ar)

— /dTe-—iwe—i%& sinh(ar—ody) (24)

—oiwlk >

= e " g(K)
L1 B CIT. fl(w) ORAITRLESS BB
ar — o9, ~ 0 ' (25)

THEHM. Thid. Bxd & detector DT LR ADFDOEEEENZ L WETH 5, TN
Tpid. L kDl & [B] UEEFICIE BB E WA B A DIT B C ENTE S, ChE D, EHERIIK
DL ST B, |

 Fu(w) = (% / dKlg(K) |2 ! /_oodkg—i—k‘ (26)

HiEFIR. 2 TOEBOFESH. TOZT, NENTH 2, DI &id. boundary ©
ITVBE. $EFOiRERDS Lorentz L TH A 7-0IT, response (Tt b 54 HIELNHEEL

— 368 —



T8 i) B OHER & £ DICH |

W E EIHHET %0 F 7o, BOVHET 2013, BHBFRIEEKIC DWW T D response =R T\
25 THD, BABMS D iIcd L, (6) &—F$ 5, Chicxdl, boundary I Fy(w)
2. I klcBWT, BRI, = g, 7— = —Y O pair itk % phase &, boundary
DEBHEL 0 ST TS 72D phase D2 >DJESIC L > THRE > TV 3,

' o 00 (gmikb\2(o—i2ds)?
Filo) = gy [ 4R 1aR) P 5 [~ anlEE)

— 00

S (27)

T, BADRESIE. b — 0 T, 4—";6(w) L1z, oo, Rindler Noise ® b = 0 »%
i LIREEOEWE A TH %, boundary ZHBEDRDEE RFEDZIRD L 5 It EIRA B,

o0 e—2i(kb+§0k) 1 0 . ) w
/;oo 2o = -2—/_.00 419}0 exp(—2i(p pbsinh 9y, + ;—19;5)) (28)
T COBBOEELD. |

(1) b — 0; T pair OIZIOF S, FRICRET 2 & T w = 0 LISHITS
HBLeH-TLESe SO, w# 0T, boundary ZHRIZIHA 3,

(ii) b > 0; response icF5+ BN TL ~ 0 ThH 2o ChE, BROEH T, BAE
#if. Rindler Noise i, low energy k ~ 0 », FicFH5L T35,

(#47) d < 0; response a:%’_@;a"éﬂi‘}iﬂri = :t%cosh—l(l Fwﬂ? ) B bicEh 72
bb, HHEsE Lk, Rindler Noise i&53 3 L0 ) J&TH %o

T 1bH 5, boundary HROEN G IIRDED T 50

L. ¥ f(RMW) &g —k(LMW) 0 F#TH 20 Ciuid, boundary AsEss S h
TW5B & Lk 28120978 phase & | B E BRI L » TS BRI 5 TTL B
phase DFETEH 30

2. BMELOSEEL. FBL.fTBELLE-TWE, #LT e, b— L0 e i3, 2T
DOEBEILEDOHFENTNTITBHLE D C&T Fi(w) — 8(w) E733, b, TOHHIL.
—A%IZ n ¢75C massive scalar 3B >\WTEKITT B,

6 Concluding Remarks

boundary d& 28527, boundary $iRME DB TR ICE DN 2%, Rindler
Noise 2J§~3 & & TR7: B, boundary & LT, Dirichlet &4%if - 7245, Neumann
&% & - 11840 Wigtman Bz,
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GH(z,2) = Gu(z,2 ) — Gy(z,2 ) (29)

T %o Rindler Noise £3~5 151> T, SEBRBMIHRA L LTR-> TV 505 BE
@Fcﬁ%ﬁ(‘: LT, Eﬁrﬂdﬂ#@ﬁl}ﬁ@tggé& SREN Z,yb)[b’k}p& b, C n;;% LTl i-%(\: 0)$H§‘fjﬁﬁﬁ@
couplingconstant iz, switching factor 2 Ah 2 & &, BifrER&H 72 © O response %5
#TEB, P, -

F(w) E/ d'r/ dr e~ T T )?e—i“’(T_T')G"F(z(T),a:(r")) (30)

43 &, HIKEH 720 D reponse (3D L S IT8 B,

- (31)
= F]M(w) + AF]\,{(W,T) + Fb(wa T’ TO)

T TRERIER. 70 BERIORERELTH D, ToMKE 7L 313E boundary i o
{1330 AFp(w,T) i3, BRIBESEROBICTTELIATHD. T — oo iXff-T. Hi
30 Fy(w,T,m0) i3, HAIESI5 720 ® boundary R TH 2, &<, 7o — 00 EFHUL,
Fy(w,T, 1) — 0 £753, $7bb, Thermality HEIEE 2 & EASTE 3o

BRi%ic., chF <. Rindler Noise & W5 B AT, Ji~7-»5, Thermalization theorem
%, ni%D boundary O&H BEZEICHEE L7 & & KDt 2B H 5, Zh e, Rindler
Noise & D3t aFH~, "Thermal” B OBERKIC >\, FRRAEED 124,
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