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Oddexr mucnepcun ckopoctu cera (BC/eACTBUE BIUMSHUE KBAHTOBBIX (DJIyKTyaluil HA PacOpo-
CTpaHEHUE 3JIEKTPOMATHUTHBIX BOJIH B YETHIPEXMEPHOM MPOCTPAHCTBE-BPEMEHM) MOXKET ObITh Ha-
O11071aeM Ha KOCMOJIOTHYECKHX PACCTOSHUAX. B KadecTBe MCTOYHUKA (POTOHOB IIPEIaraercsa uc-
MOJTb30BATH 7Y-BCIJIECKU KOCMOJIOTHIECKOTO TTPOUCXOXKIeHN. PaccunTano BpeMs 3aepKKU U3JTY-
YeHUs JJIs TIJIOCKOHM, OTKPBITON M 3aKPbITON KOCMOJOTHYECKUX Mojeneil. /lemaercs BBIBOI, YTO
KOCMOJTOTIYIeCKHe Moen BeemeHHoit MoryT ObITh CETEKTUPOBAHBI IO JAHHBIM O BPEMEHU 33, 1€PK-
KM HM3JIy9eHUs PA3JIMIHOU SHEPrhM OT 7Y-BCIJIECKOB, IIPW 3TOM TOYHOCTH M3MEpEHUsd MapaMeTpa

At/AE., nomxua 6bith He xyxke 1076 ¢/MsB.

TIME DELAY OF GAMMA-RAY BURST RADIATION AND THE POSSIBILITY OF DETER-
MINING THE FATE OF COSMOLOGICAL EXPANSION, by Grishkan Yu. S., Petkov V. B.,
Vertogradova E. G. — The effect of light velocity dispersion caused by quantum fluctuations at
the Planck scale is discussed. We suppose that the effect could be observable at cosmological dis-
tances. The time delay of photons from a cosmological source of radiation is calculated in terms
of cosmological vacuum model. The cosmological gamma-ray bursts are taken as the sources of
radiation. It is shown that the delay depends on the model of the Universe. We conclude that to
know the fate of the Universe, measurement accuracy of the parameter At/AE, should be better

than 107¢ s/MeV.

BBEJAEHUWNE

Henasuo ObL1a BBIABHHYTA TMIIOTE33 O TOM, 9TO TVIODAIbHAS JIOPEHI-HHBAPUAHTHOCTH B IIPUPOJIE siB-
JII€TCST TOJIBKO TPUOIUKEHHON CUMMeTpueil 1 MOXkKeT ObITh HApyIIeHa PU JTOCTATOYHO BBICOKUX SHep-
TUAX JJIEMEHTAPHBIX YaCTUIL], IIPUHUMAIOIINX YYaCTUE B PA3JINIHBIX (bI/ISI/ILIeCKI/IX BBa.I/IMOﬂeI;’ICTBI/IﬂX
[1-3]. B kauecTBe OJHOTO W3 BO3MOYKHBIX MEXAHU3MOB TAKOTO HAPYIICHUs PACCMATPUBACTCS MEXAHU3M
reHepanu HEJIOPEHIIEBCKUX KOMIIOHEHTOB METPHUKHW IIPOCTPAaHCTBA-BPEMEHUN 3a CUYET KBAHTOBBIX (bﬂyK—
ryanuii [4]. [Ipu pacmpocTpaneHnn B TaKOM MPOCTPAHCTBE (DOTOHOB M APYIUX (MOUTH) GE3MACCOBBIX
vyacrul, (HanpuMep HEHTPUHO) MPOMCXOAUT paccesiHue nx Ha AedeKTax M reHepalys B IPOILECCe pac-
CedHNs HeMarOHaIbHBIX KOMIIOHEHTOB METPUKH MPOCTPAHCTBA-BpeMeHn [5]
Uq

goa ~ —-
C

3J1ech rpedeckre WHAEKCHI mpoberaioT 3uadennst o = 1,2, 3, ¢ — oCcTostHAAst CKOpocTH cBerta. Hanuaune
MaKPOCKOIIYECKOTO BEKTOPA CKOPOCTH OTIAYH U, HAPYIIAET TI00ATBHYO JIOPEHI-HHBAPUAHTHOCTD |2]
¥ TTPUBOJIAT K M3MEHEHUIO JIMCIIEPCUOHHBIX CBOWCTB PACTPOCTPAHAIONINXCA B MIPOCTPAHCTBE CBETOBBIX

BOJIH! o(B) e (1 B %) | "

rie F = hw — sHeprusg KBaHTOB CBeTa YaCTOTHI w. B KBAHTOBOIl TEOpUU I'PABUTAINU, B YACTHOCTU B
TEOPUH IIPOCTPAHCTBEHHO-BPEMEHHOIT 11eHbI [6], BEKTOP CKOPOCTH Uq [IOJIZKEH BO3HUKHYTH BCJIEICTBHE
KBAHTOBBIX (DIYKTyaruii, 1 mpu JaHHOW SHepruu F umeeT MOpSI0K OTHOIIEHUS MaciiTada SHEepruu
perucTpupyeMbix KBAHTOB CBETA K MaCIITady SHEPIuu, Ha KOTOPOM MPOSBJISIOTC KBAHTOBBIE (DIYKTY-

alliN IPOCTPAHCTBA-BPEMEHN:
U E

cNMQg’

(2)
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rae Mge — XapaKTepHBIil SHepreTHdecKuil MacimTab KBaHTOBOU TpaBuTanuu. BpeMennas 3ajeprKka
CBETOBOI'O CHUT'HAJIa OT M3JIyYaIOIIero MCTOYHUKA, BO3HUKAIONIAdA BCJIEIACTBHE PA3HOCTH XO/a MEXKIY
doToHaAMHE, PACITPOCTPAHSIIOIIUMUCA CO CKOPOCTSIME € U ¢ — AU, B IEPBOM MPUDJIMKEHUU €CTh

AL to Ay(E
At:_:/ AuB) (3)
C t C

3iech L — paccrosiHue, KOTOpOe TMPOXOAUT CBET, { — MOMEHT BPEMEHU W3JIy9YeHUs] KBAHTOB CBeTa, ty —
BpeMs JeTeKTUPOBAHUS KBAHTOB CBETA, KOTOPOE COOTBETCTBYET Bo3pacTy Bcemenmoii.

Tak Kak CBEeT PACIPOCTPAHSIETCS B IPOCTPAHCTBE, 3AIOTHEHHOM MaJIBIMU KBAHTOBBIMU (DIYKTYaIlH-
sIMU, TO COCTOSIIIAsI U3 HUX MIPOCTPAHCTBEHHO-BPEMEHHAsI TIeHA MOXKEeT ObITh IPOCBEYeHa CUTHAJIAMEI OT
YJAJIEHHBIX MCTOYHUKOB M3/Iy4eHus: (IIPeKe BCero 7y-MCTOYHUKOB), MMEONIMX JOCTATOYHO OOJIBIIYIO
suepruto E. Torma npu BpeMeHax 3a/IepKKU CUTHAJIOB, MOCTYIAONMX OT HCTOYHUKOB u3ryderus (At),
dbyngamenTanbnas dpusnueckas nocrogunas Mg, XapaKTepusyoas HOPAJ0K BeTMYNHbI KBAHTOBBIX
CPABUTAIMOHHBIX TTPOIIECCOB, MOXKET OBITH MOTyYeHa KAK OTHOIIEHUE

LAE

Moga ~ AL (4)

B kadecTBe MMITy/JIBCHBIX WCTOYHWKOB BBICOKOYHEPTETUYIECKNX Y-KBAHTOB MOYKHO WCIOJIb30BATH
~-BCILJIECKU BHETAJIAKTUYECKOT0 MPOUCXOK gernst. Ciielyer 3aMeTUTh, YTO TIPU 3TOM ITPEHEOPEratoT BO3-
MOXKHOCTBIO IIOSIBJICHHUS 3aJePKKHU BO BPEMEHHU IpUX01a (GPOTOHOB PA3MNIHON SHEprun, 00yCI0BIEHHOI
IIPUPOLOA Y-BCILIECKOB.

3AJZIEPYKKA CBETA B PACIHINPHAIOIIIENCSI BCEJIEHHON

B pacmmupsitorieiicss Beenennoit @puamvana—Pobeprcora—Yokepa ¢ Mpou3BOIbHON KPUBU3HON TpexMep-
Horo npocrpancrea 0-0 KoMnoHeHT ypaBHeHuil DiiHireiina uveer suj [11, 12]

-2 2
a® ke 9 agp\3 ap\ 3(w+1) ap\ 4
S = HE |2 () +0a () +o ()], (5)
a a a a a

IIe g — MacIITAaOHBIA (DAKTOP B HACTOAIINI MOMEHT BPEMEHH, G — MAaCIITA0HBIH (DAKTOP B HEKOTOPDI
MoOMeHT Bpemenu t, mapamerp k = 1,0, —1 — mist 3aKpBITO#, TJIOCKOH U OTKPBITOH Momenun Bceenen-

Hoit coorBercTBenno. [lapamerpsr p, Q,, 2, npeacTaBiA0T cOOOil OTHOIIEHUS MIJIOTHOCTEH SHEPTUU
BaKyyMa, MAaTEPUN U U3JIYyICHUA B HaCTOﬂH[I/Iﬁ MOMEHT BPEMEHHN to K KpI/ITI/ILIeCKOﬁ IIJIOTHOCTHN

_ 3Hj
Pe = 8rG’

[Tapamerp —1 < w < 0 3a7aeT ypaBHEeHUe COCTOsSIHUS P = wp st KBuaTaccenuuu [11, 13, 14], 3nauenue
nocrosiHaoi Xabbsa B3aTO n3 paborsl [15]:

Ho=100hxvMc ' Mnc™', h=0.7+0.1.

[Ipu we ouenn Goabiux KpacHbIX cMmerieHnsax z < 1000 mI0THOCTHIO SHEPIUHU U3JIYUEeHUsT MOXKHO
npenebpedb U BBINUCATH ypaBHEHUE (5) HEMOCPENCTBEHHO Yepe3 KPACHOEe CMENeHne U 0e3pa3MepHyIo
KPUBU3HY TPEXMEPHOTO MPOCTpaHcTBa

ap kc?
=2 _ Qw — — =
z a y K G%Hg’
-2
H? — % = H2 [ (14 2)% + Qp (1 4+ 2@ 4 Qp (14 2)2] . (6)

13 (6) cremyer ycaoBue CBsi3W MEXK/Ly KOCMOJOIMYECKMMU TTaPAMETPAMU:

Qo+ Q0 +Qr = 1. (7)
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Kaxk m3Becrrno w3 nabsonenuii [15, 16|, Ha 9T1 mapaMeTpbl HATOXKEHBI CJIeTYOMIe OrPAHNICHST:
Qn=03+£0.1, Qp =0.740.1, Qx = 0.0 +£0.06.

Wurerpupys (6) coBMecTHO ¢ (3), TOMYyYnM BbIpasKeHNe /I BPEMEeHHU 3aePKKI CBeTa, OT HCTOUHUKA,

B BUJE
Al = 1 /z+1 Au dz (8)
Hy /4 c 4 [me?, 1+ Qpa3wtl) ¢ Qsz] 1/2°

Ydrem Ternepb, u4To AUCIEPCHs CBETa B JIMHEHHOM IPUOINKEHUN TIPU €ro PaclpOCTPAHEHNN B UCKPHB-
JIEHHOM TPOCTPAHCTBE-BPeMeHn j1aercst Bhipazkenusivu (1), (2), a pa3HoOCTb SHEPruii MeXK/1y KBAaHTAMU
mensiercst Kak AE = AE, (14 z), rne AE, — pa3uuna suepruit ¢poToHoB B MOMeHT perucrparuu. Torma
OTHOIIEHNE BPEMEHM 33JIeP’KKHM K Pa3HUIIEC SHEPIHil JTeTEeKTHPYEMBIX KBAHTOB W3/IyYeHHs MPUHUMAET
BT

At 1 /Z“ dz
AE, HoyMgag J, [Q 23 + Qpz3+D) 4 Qpex?]

7 )

ITpu w = —1 (crabubHbI KOCMUYECKHH BaKyyM 0€3 KBUHT3CCEHIIMM) aCUMITOTUIECKUE BbIParKe-
Hus it At COBIAIAIOT C TOYHOCTHIO 10 KOHCTAHT IOPSIIKA eIUHUIBI C BRIPAKEHUSIME, IPUBEIeHHBIMI

B [7]:

At 1
= 1/2 Z, zZ — 0, (10)
AE’Y QA HOMQG
At 2
z — 00, (11)

= z
AE’Y Q},{QHOMQG

rae 7 =1—(1+2)"1/2

®opwmyra (10) coorBercrByer pacmupenuto Beenennoii mo 3akony Xab6sa, a (11) — pacmmpenuro
Bcestennoii 1o 3akony ®@pumana.

Takum obpazom, dhopmysta (11) B Teopun DifHuITEliHA IOy YaeTCA JHIIB B TIpejiese z — 0o. VIMeHno
MOTOMY 3aBUCHMOCTH (P deKTa 3aJepKKU CUTHAJIA OT KPACHOTO CMEIEHUsT MEHAETCS B TOYHOM Teo-
DU TI0 CPABHEHUIO C PE3YJIBTATOM, IOIYUEHHBIM B IIOCKON Momenn Ppunmana |7], 4T0 OKa3bIBAETCS
BaKHBIM IIPDU aHAJIN3E SKCIIEePUMEHTAJIbHBIX JaHHBIX.

BO3MOXKHOCTbB CEJIEKIINN KOCMOJIOTUYECKIX MO/JEJIEN

CrabusibHblii KocMudeckuii Bakyym [17, 14] Bxogur B unciao HanGosiee BEPOSTHBIX BO3MOXKHOCTEl pea-
nu3anuu “remuoit sHeprun’ B Harrelr Beeennoii. [losTomy Bce pacders BbIOHEHbI 6€3 yueTa KBUHT-
sccentmu (w = —1). Ha puc. 1 npusesens 3asucumocrtu, nosydennbie mo dbopmyse (9), mapaverpa
At/AFE, or KpacHOro CMeIIeHHsd z B 00JacTH OOJNBIIMX KPACHBIX cMemeHnit 3 < z < 5.5 s Tpex
KOCMOJIOTMYECKUX Mojesieil. 31ech KpuBast 1 COOTBETCTBYET IJIOCKOW KOCMOJIOIMYECKONW MOJeaun, 2 —
BaKPBITON KOCMOJIOTUYIECKOH MOJIEIN, 3 — OTKPBITON KOCMOJOTUYECKON MOMEIn. DHEPreTuIecKuit Mac-
mTab KBAHTOBOI I'PABUTAIINN [TPU 3TOM 3aukcupoBan miankosckum 3uauennem 10 T'sB. 3 pucynxka
BH/JTHO, ITO MOJIE/TN PA3INYIUMBI MEK/Ly CODOIi, ecin TOYHOCTh n3Mepenns napamerpa At/AE, ne xyxe
1075 ¢/M3B.

Takum 06pazom, /it BEIOOpa KOCMOTOTUIECKON MOjien (U OlpeIeIeHns SHEPreTHIeCKOro MaCIITa-
6a KBAHTOBOW TPABUTAIIMK) HY?KHbI U3MEPEHUsI BDEMEHHBIX 33/IePKEK MEXKJly Y-KBAHTAMU Pa3/THIHOf
SHEPrUM W KPACHOTO CMEIEHUs y-BCIIECKOB. B pabore [7] mo mamubiv gerekropoB BATSE u OSSE
[9, 10] n3yuanack 3a/ep:KKa BO BDEMEHNU [IPUX0/IA Y-KBAHTOB PA3JIMYHON SHEPIUH JIJIsI [ISITH Y-BCILIECKOB
C XOPOIIIO U3BECTHBIM KpacHBIM cMmernenueM. Ha puc. 2 mpuBeseHbl MO/yueHHbIe HAMU 0 JAHHBIM U3
pabotrsl [7] 3Hauenus: napamerpa At/ AFE, nng narn y-BCIJIECKOB U JIBYX KaHAJIOB U3MEPEHUs SHep-
ruu Kak (pyHKIUsS KpacHOro cMmerienus: z. VI3 cpaBuenus puc. 1 u 2 MOXKHO YBHUIETh, YTO TOYHOCTH
COBPEMEHHbBIX 9KCIHEPUMEHTAJIBHBIX JaHHBIX HE ITO3BOJIACT CAe/IaTh BbI60p MeKAY KOCMOJIOTUYIECKUMU
MOJIeJIAMH JazKe TIpU 3aJaHHoM 3HadeHun Mqq.

223



8,5x107° -

x 8,0x10°
S : 2.1
3
T 7,5x10°4
Ll X s 3
< ///
Z

7,0x10° 4

6,5x10°

T T T T 1
3 4 5
Z
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Puc. 2. Pesynbrarsr dura s3KCIepuMeHTAIBHBIX JAHHBIX 110 y-BerieckaM u3 Karajoros BATSE u OSSE

SAKJIIOYEHUE

OueBuIHO, YTO HKCIEPUMEHTATbHBIE TAHHBIE IO 3aJEepKKe Y-U3/IyUeHUs pPa3JIUIHON SHEPruu OT Y-
BCILJIECKOB C M3BECTHBIMU 2 HE TIO3BOJIIIOT OJHOBPEMEHHO OMPEIE/JUTh MACIITA0 KBAHTOBOM I'DABUTAIIIHI
Mge n KocMonorudecKue mapaMeTpel.

Bo3moxkubl 1Ba BapuaHTa W3MEpEHMil:

1. Ilapamerp Mg ompesenserca U3 He3aBUCUMBIX U3MEPEHHI, HAIIPUMep, IT0 BPeMEeHHO 3a1epK-
Ke 7y-KBAHTOB PAa3JIMYHON SHEPIrUH OT BCIIBIIMIEK siIep aKTUBHBIX rasakTuk. JLms Mapxapsu 421
Takue u3MepeHusi ObLTH mpoBeneHbl B obcepBaropun Whipple [18], ¥To mo3Bommio mocTaBUThH
OTpaHWYeHre Ha MACIITad KBAHTOBOW TPAaBUTAIINN

Mg 2 10'° I'sB.

Torzna npu nzsectHoM Mg 3aBucuMocTb Besmaunsl At/AE, oT z I03BOJISET, B IPUHIAIIE, OIpe-
JIeJINTH KOCMOJIOTMYECKHUE [TaPAMETPHI.

224



2. Kocmonoruyeckue mapaMeTpbl MOTYT ObITh HAJIEXKHO OMPEIEIeHbl M0 (hOTOMETPUUECKOMY PaC-
crostamio Dy, myist cBepxuoBbix |13, 17, 19-22|. Torga npemaraeMbie W3MepeHUsI TTO3BOJISIIOT T10-
JIyauTh MacmTab KBaHToBOI rpasuTaiun Mog. OrmernM, 9TO B HACTOSIIIIEE BPEMSI B JINTEPATYPE
006Cy 2K 1a€TCsl BO3MOXKHOCTD MCIIOIB30BAHUS Y-BCIIECKOB (M MX ONTHYECKUX MNOCAECBEYeHuit) mpu
OOBIINX KPACHBIX CMEIIEHUSX 2z 2, D JIg U3ydeHWs] KPYMHOMACIITAOHON CTPYKTYpPbI paHHeit
Bcenennoit [23].

Ucnonp3oBanne 9KCIEPUMEHTATBHBIX TaHHBIX [7] 1 hopMyJiet (9) MO3BOJISIET C1eTaTh ONEHKY CHU3Y
Ha, MaciTab KBAaHTOBOW IPaBUTAIUN:

Mg 2, 10% I'sB.

Ecnu npeamnonoknTh, 9T0 SHEPreTHIeCKuit MacITad KBAHTOBOW TPABUTAIIMN €CTh BEJIMINHA, TOPSI/I-
Ka My ~ 10" T'sB, 1o st u3yuenns: 53¢HEKTOB 3amA3BIBAHNAS CUIHAJIOB OT Y-BCILIECKOB KOCMOJIOTH-
YeCKOTO MPOUCXOK AeHnst oTaomerne At/AE, 101KHO N3MePATHCsT ¢ TOTHOCTHIO MOPSI/IKa 1076¢ /M»B.

Pa6ora seimonnena npu noggepxkke PODU (mpoekt 00-02-16095) u PLIT “Unrerparus’ (mpoexT
110586/920).

[1] Amelino-Camelia G., et al. // Nature.—1998.-393.-P. 763.

[2] Coleman S., Glashow S. L. // Phys. Rev. D.-1999.-59.—P. 116008.

[3] Stecker F. W., Glashow S. L. // Astropart. Phys.—2001.-16.—P. 97.

[4] Ellis J., et al. // Mod. Phys. Lett.—1998.-A13.—P. 303.

[5] Ellis J. astro-ph/0010474.

[6] Ellis J., Mavromatos N. E., Nanopoulos D. V. CERN-2000-136; preprint gr-qc/0005100.
[7] Ellis J., et al. // Astrophys. J.—2000.-535.—P. 139.

[8] Nanopoulos D. V. // fnepras dbusnka.—2000.—63, N 6.—-C. 1163.

[9] Paciesas W. S., et al. // Astrophys. J. Suppl. Ser.—1999.-122.—P. 465.

[10] OSSE Collaboration Gamma Ray bursts time profiles.—1999.
http://www.astro.nwu.edu/astro/ OSSE /bursts/.

[11] Sahni V., Starobinsky A. A. // Int. J. of Modern Phys. D.-2000.-9.-P. 373.

[12] Hagiwara K., et al. // Phys. Rev. D.—2002.-66.—P. 010001-1.

[13] Huterer D., Turner M. S. // Phys. Rev. D.-1999.-60.—P. 08130.

[14] Peebles P., Ratra B. astro-ph/0207347.

[15] Wang X., Tegmark M., Zaldiaga M. astro-ph/0105091.

[16] Efstatiou G., et al. // Mon. Notic. Roy. Astron. Soc.—in press; astro-ph/0109159.
[17] Saini T. D., et al. // Phys. Rev. Lett.-2000.-85.-P. 1162.

[18] Biller S. D., et al. // Phys. Rev. Lett.-1999.-83.-P. 2108.

[19] Cmapobunckuii A. A. // IMucbma B ZKypH. sxcnepum. u teop. busuku.—1998.-68.—C. 721.
[20] Nakamura T., Chiba T. // Mon. Notic. Roy. Astron. Soc.-1999.-306.-P. 696.
[21] Weller J., Albrecht A. astro-ph/0106079.

[22] Kugat, et al. astro-ph/011221.

[23] Lamb D. Q., Reichart D. E. |/ Astrophys. J.—2000.-536.—P. 1-18.

225



