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IIpepuciaoBue nepeBoI4nKa

Kaxk nmokasan Atop craten Malikilt XOyKuHC,
MePUOJIbl JAIEKUX KBa3apoB He 00J1aJJat0T CBOWCT-
BOM PacCTsKEHUSI BPEMEHH, CJIEI0BATEIIBHO, pac-
LIMPEHNUE NPOCTPaHCTBA BCeeHHON OTCYTCTBYET.

Tem He MeHee, ABTOp NbITaeTcst 00bACHUTH T10-
JTy4eHHbIE UM (DAKTHI B TEOPUH pacLIUpsIoLIeics
Bcenennoi, npeamnonaras AB€ TUIOTE3bI:

- YBEJIMUEHUE CKOPOCTH POCTa UEHTPAIbHBIX
MAaCCHBHBIX TeJI KBa3apOB IPONOPLUHUOHAIBHO pac-
CTOSIHUIO JI0 HUX, IPUYEM POBHO TaKUM, YTOOBI
KOMIIEHCUPOBAaTh KOCMOJIOTHYECKOE PACTSHKEHUE
BpPEMEHH,

- MUKPOJIMH3UPOBAHUE, IIPU KOTOPOM pacTsiKe-
HUE BPEMEHHU He OyJeT 0KUAATHCS.

MoskeT ObITh, I03TOMY CTaThsl ObLIa HalleyaTaHa
cnycTs 12 ner nocie e€ HanMCaHUs.

Ho cam ABTOp 3ameuaeT, 4To nepBasi TUIIOTE3a
MIPOTUBOPEYHT JPYTUM HaOJII0JaeMbIM CBOIICTBaM
TaJIAKTHK, & BTOpasi TUIIOTE3a HEBO3MOXHA U3-3a
OTCYTCTBUS TpeOyeMoil Ui 3TOro MIOTHOCTH
MeXranaktuaeckor marepuu. [Ipu stom ABTOp
¢akTuuecku He paccMaTpuBaeT CTaTHYECKYIO
Bcenennyro, ccpuiasice Ha UMEOIINECS TOKa3a-
tenbeTBa ['onnxabepa u @onu. OHAKO 3TH aBTOPHI
anpuoOpHU UCXOINIIN U3 paclInpeHus Beenennou, n
HE MOIJIY B IIPUHLUIIE IPUITHU K BBIBOAY O €€ CTa-
TUYHOCTH.

U Bcé xe MBI 5)KUBEM B 00bIYHOM EBKIMI0BOM
IIPOCTPAHCTBE, & CBET OT JAJIEKUX HCTOYHUKOB
"crapeer" Ha ITyTH K HaM, IIPU ’TOM HEMHOTO 3a-
MEJUISIETCS B 3aBUCUMOCTH OT CBOEH YaCTOTBHI.

PacTsxenue HabI0JaeMbIX CBETOBBIX KPUBBIX
SN Ia siBasieTcst caeACTBUEM Pa3HOI CKOPOCTH
CBETOBBIX BOJIH JUI Pa3HBIX 4AaCTOT (3TOrO He yuén
lNonaxabep), a OTCYTCTBUE PACTSIKEHUS TIEPUOIOB
KBa3apoB OOBSICHSETCS TEM, UTO CYyMMa CBETOBBIX
KPHBBIX JJI Pa3HBIX YaCTOT C OJJUHAKOBBIM II€-
pPHOZOM MMEET TOT XKe MEePUOoJI, Ha KaKoM Obl pac-




CTOAHHNHU OT HAC KBa3ap HU HAXOJUJICS.

Ha0mromaemast 3aBUCUMOCTD TOT'O, YTO B OOJIb-
IIMHCTBE JOCTYIHBIX MPUMEPOB KBa3aphl C
OOIBIIMMU KPACHBIMU CMEIICHUSIMUA UMEITH TEH-
JICHITMIO UMETh OOJIBIITYI0 CBETUMOCTb, BITOJIHE €C-
TECTBEHHA, TaK KaKk ABTOp BBIOMPAI KBa3aphl C OT-
paHHYCHUEM Ha 3BE3IHYIO UX BEJIUYHHY, & OOBEKTHI
¢ OoJbIIIEH SIPKOCTHI0 UMEIOT IPEUMYIIIECTBO B
HaOJI0/IeHUH Ha OOJBIINX PACCTOSHUAX, U TIOITOMY
- B IIONIA/IAaHNUHU B BBIOOPKY.

Hab:romaemast aHTUKOPPEITSILIAST MKy CBETH-
MOCTBIO M aMIUTUTYIOU, B TOM CMBICTIE, YTO IS
BBIOOPKH CBETOBBIX KPHUBBIX KBa3apoOB KBa3aphl C
0OJIBIIIEH CBETUMOCTBIO, KaK 3aMEUYCHO, H3MEHSI-
IOTCSI B MEHBIIIEM JTHAla30HE CBETUMOCTH, YEM
KBa3apbl C MEHBIIEH CBETUMOCTBIO, OOBSICHICTCS
TEM, YTO €CJIU 3eMJIs HaXOAUTCs OJIMKE K OCH
CBETOBOI'0 KOHYCa M3ITy4eHUs KBa3apa, TO HaOIt0-
naeMasi INIOTHOCTh SHEPTrUU KBa3apa OyJIeT BBIIIC U
JMara30H U3MEHEHHS CBETUMOCTH OYJIeT MCHBIIIE,
4yeM ecii 3eMiist OyIeT HaXOAMThCS B CPETHEM
JAJIBIIIE OT ATOM OCH, IIPU ITOM HabItoaeMas
IUIOTHOCTB PHEPTHH KBa3zapa OyeT MEHbIIIE U
JIAAIa30H U3MEHEHHUS! CBETUMOCTU UMEECT BO3MOXK-
HOCTb OBITH OOJIBIIIE.
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ABSTRACT

PE3IOME

In this paper we set out to measure time
dilation in quasar light curves. In order to
detect the effects of time dilation, sets of
light curves from two monitoring pro-
grammes are used to construct Fourier
power spectra covering times scales from
50 days to 28 years. Data from high and

B 51001 cTaThe MBI HaMepeBaeMCs U3MEPSTh pac-
TSOKCHHE BPEMEHH B CBETOBBIX KPHBBIX KBAa3apOB.
YroObl 00HAPYKUTH 2PPEKTHI pacTsKEHHS Bpe-
MEHH, UCTIONB3YIOTCSI HA0OPHI CBETOBBIX KPUBBIX U3
JIBYX MOHHUTOPUHTOBBIX ITPOrpPaMM, YTOOBI 10-
CTPOUTH BHEpreTHdeckue cnekTpsl Pyprne, nepe-
KpbIBaroIIMe HIKajisl BpeMeH oT 50 nHel 1o 28 jner.




low redshift samples are compared to look
for the changes expected from time dila-
tion. The main result of the paper is that
quasar light curves do not show the effects
of time dilation. Several explanations are
discussed, including the possibility that
time dilation effects are exactly offset by an
increase in timescale of variation asso-
ciated with black hole growth, or that the
variations are caused by microlensing in
which case time dilation would not be ex-
pected.

JlanHble 13 BEIOOPOK CHEKTPOB U1t OOJBIINX U
MaJIbIX KPaCHBIX CMEIIEHUI CPaBHEHBI C LEIBIO
HaXOXXJCHHUS 0’)KUIAEMBIX H3MEHEHUH, BEI3BAHHBIX
pacTshkeHueM BpeMeHH. | TaBHbIN pe3ysbTaT CTaTbu
- CBETOBBIC KPUBBIEC KBa3apOB HE IMOKA3bIBAIOT d(-
(eKThI pacTsHKeHUs BpeMeHH. PaccMoTpeHsb! He-
CKOJIBKO OOBSICHEHHH, BKIIFOYasi BO3MOYKHOCTb TOTO,
410 3(h(PeKThI pacTsKeHHUs BPEMEHU TOYHO KOM-
[IEHCUPOBaHbl yBEIMUEHUEM MacilTada (Temmna)
BPEMEHU Bapualyii, CBI3aHHBIX C POCTOM YepHOU
TIBIPBI, WM YTO BapUAIMX BBI3BAHBI TAKMM MHUKPO-
JMH3UPOBAHUEM, B KOTOPOM PaCTsKEHUE BPEMEHU
HE 0KMJAJIOChH OBl.

Key words: quasars: general - cosmology:
observations.

KittoueBbie coBa: KBazaphl: 00111ee - KOCMOJIOTHS:
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1 INTRODUCTION

1 BBEAEHHME

Time dilation (the stretching of time by a
factor of (1 + z)) is a fundamental property
of an expanding universe. Given the suc-
cess of the currently accepted cosmological
model, which certainly implies expansion,
it is perhaps surprising that more attention
has not been paid to making direct meas-
ures of time dilation. This must surely be
due in part to the fact that measures of time
dilation can tell little or nothing about
cosmological parameters within the
framework of a Big Bang universe, but
only whether or not the Universe is ex-
panding. Also, it turns out to be surpri-
singly hard to formulate a conclusive test
for time dilation. What is needed is an
event or fluctuation of known rest frame
duration which can be observed at suffi-
ciently high redshift with an accuracy
which enables the predicted stretching by a
factor of (1 + z) to be observed.

PactsxeHune BpeMeHu (pacTsAruBaHUE BPEMEHU B
1+z pa3) sBugercs GyHIaMEHTaIbHBIM CBOMCTBOM
PaCLIUPSIOLIEHCS BCEICHHON. YUUTHIBas yCIIEeX
IIPU3HAHHOW B HACTOSILEE BPEMS KOCMOJIOTMYECKOM
MOJEJIH, KOTOPasi, KOHEYHO, II0Ipa3yMeBacT pac-
TSYKEHHE, TO MOYKET ITOKa3aThCs Y IUBUTEIIbHBIM,
4TO He ObUIO 0OpalleHo Oosbliee BHUMAHHUE MPsi-
MOMY M3MEPEHUIO pacTsikeHns BpeMenu. Heco-
MHEHHO, 3TO IPOU30LLI0 YACTUYHO O1arogaps ToMy
(bakTy, YTO U3MEPEHUS PACTKEHHSI BpEMEHU MaJlo
YTO MOT'YT CKa3aTh UJIM HUYETO HE CKa3aTh O KOC-
MOJIOTHYECKHX NTapaAMETPAX B paMKaX MOJEIIH
bonbmoro B3peiBa BeenleHHOM, TOIBKO pacIups-
ercs Beenennas nim Het. Kpome Toro, okaspiBaeT-
Csl, YAUBUTEINILHO CII0KHO c(hopMyIIupoBaTh pe-
MIAIONIUN TECT VI pacTsbKeHus BpemeHu. Heol-
XOZMMO COOBITHE MU KoJIeOaHUe ¢ U3BECTHOM
MIPOJIOJKUTENIBHOCTBIO B MOKOSIIIEUCS CUCTEME
0Tc4€Ta, KOTOPOE MOXKET HaOII0AATHCS MPH J10C-
TATOYHO OOJIBIIIOM KPAaCHOM CMEIIEHUH C TOYHO-
CTBIO, KOTOPas MO3BOJIsIET HAOII0AATh MPEICKa-
3aHHOE pacTshkeHue ¢ kodhdunueHToMm (1 + z).

The study of gamma-ray bursts has gener-
ated considerable interest in time dilation.
The uncertainty in the intrinsic timescales
of the bursts has made it difficult to meas-
ure time dilation directly, so earlier papers
(for example (Deng &Schaefer 1998))
concentrated on demonstrating consistency
when time dilation was allowed for. When
redshifts of individual bursts became

HccnenoBanue BCBIIIEK TaMMa-Tydei MOPOIIIIO
3HAYUTEIIbHBIN UHTEPEC K PACTSHKEHUIO BPEMEHU.
Heonpenenénnocts B COOCTBEHHOM MaciTade
BPEMCHH BCIBIICK CACIIAIO 3aTPyYAHUTCIIbHBIM
M3MEpEHUE PaCTSHKCHHSI BPEMEHU HEeTIOCPEICTBEH-
HO, ITO3TOMY 0oJiee paHHHUE CTaThU (HarmpuMmep,
Henr u [ladep (Deng &Schaefer 1998)) ckon-
HEHTPUPOBAIUCH HA JICMOHCTPALIUU COBMECTHMO-
CTHU pC3YyJIbTATOB, KOT' Ia PACTS)KCHUC BPCMCHU 6BIJIO




available more definitive tests were possi-
ble (Chang 2001), but correcting the raw
data for selection effects involving an in-
verse correlation between luminosity and
timescale has made the results hard to in-
terpret with confidence. Rather than seeing
gamma-ray bursts as providing a convinc-
ing test of time dilation, it is probably safer
to say that if time dilation is a property of
the Universe, then observations of gam-
ma-ray bursts are consistent with this.

yuteHo. Korga kpacHble cMeleHus OTACIbHBIX
BCIIBIIIEK CTaJIH JOCTYMHBIMHU, CTAIA BO3MOKHBI
6onee kareropuansie Tectol (Hanr(Chang 2001)),
HO HMCIIPaBJICHUE UCXOIHBIX TaHHBIX JJIsl CENEK-
THUBHBIX 3()()EeKTOB, BOBJICKAIOIINX OOPATHYIO KOP-
PENSIIMIO MEXAY CBETUMOCTBIO U IIKAJION BpEMEHH,
CZEJIaIO Pe3yIbTaThl TPYAHO-UHTEPIPETUPYEMBIMHU
C JOCTATOYHOM 3HAYNMOCTBIO. BMecTO TOro, 4To0bhI
BHJICTh BCTIBIIIKH TaMMa-Ty4deid, Kak o0ecrieueHne
yOeIUTENBHOTO TeCTa PACTSHKEHUS BPEMEHHU, Be-
posiTHO, OoJiee Oe301acHO CKa3aTh 4TO, €CJIM pac-
TSUKEHUE BPEMEHU - CBOMCTBO BcenleHHOM, TO Ha-
OJIFOICHUS 32 BCIIBIIIIKAMH TaMMa-Tydeld COBMecC-
TUMBI C ITHM PaCTsDKCHUEM.

The light curves of distant supernovae
provide a much more promising test for
time dilation. Early work by (Goldhaber et
al. 2001) which involved measuring the
light curve widths of a sample of distant
supernovae covering a wide range of red-
shifts, provided convincing evidence for
the presence of cosmological time dilation.
More recently, (Foley et al. 2005) have
examined in detail the spectral evolution of
a high red shift supernova, and shown that
it is not consistent with no time dilation at a
very high confidence level.

CaeToBbIe KpUBbIe OTHAIEHHBIX CBEPXHOBBIX
o0ecreunBarOT HAMHOTO 00JIee MHOTOOOCIIAFOIIIHIA
TECT Ha pacTshKeHHe BpeMeHu. PanHss paboTa
INonnxabepa (Goldhaber) u np., 2001 r., B KOTOpPYIO
BKJIFOYCHBI IPUMEPBI U3MEPEHUS IMUPUHBI CBETO-
BBIX KPHUBBIX OTJaJICHHBIX CBEPXHOBBIX, TOKPBI-
BaIOIIHE MIMPOKHUI JUANIA30H KPACHBIX CMEIICHHIA,
npuBesa yoequTeIbHOE T0Ka3aTeIbCTBO HATHYUNS
KOCMOJIOTHYECKOTO pacTshKeHus BpemeHu. He-
ckouibko mo3xe, (Pomu (Foley) u ap., 2005 r.)
MOJIPOOHO MCCIIEIOBAIH CIIEKTPAIbHOE PA3BUTHE
CBepXHOBBIX C OOJIBIIMM KPAaCHBIM CMEIIICHUEM, U
MOKa3aJiv, YTO OHO HE COBMECTHMO C OTCYTCTBHEM
pacTsHKeHHs BDEMEHH TPU OYCHb BBICOKOM YPOBHE
3HAYMMOCTH.

In this paper we address the question of
whether time dilation is seen in quasar light
curves. We use the light curves of over 800
quasars monitored on timescales from 50
days to 28 years to construct Fourier power
spectra for high and low redshift samples,
and compare their Spectral Energy Distri-
butions (SEDs) to look for the effects of
time dilation.

B sT0i1 cTaThe MBI 0OpaltaeMcs K BOIIPOCY, UMEETCst
JI PacTsHKEHUE BPEMEHU B CBETOBBIX KPUBBIX KBa-
3apoB. MBI HCITIOJIb3yeM CBETOBBIE KpUBBIE OoJiee
yeM 800 KBa3apoB, MPOCIEKEHHBIX MO MIKaIe Bpe-
MeHu ot 50 el 1o 28 e, 4ToObl NOCTPOUTh
SHEpreTHYecKue crekTpsl Pypre Aisi BIOOPOK C
OOJIBIITMMH U MaJIBIMU KPaCHBIMU CMEIICHUSMU H
CPaBHUTDb UX CHEeKMPAIbHOe pacnpeoesienue SHep-
euu (CPD) B mouckax 3pQeKToB pacTsHKEHUS Bpe-
MEHH.

2 OBSERVATIONS

2 HABJIIOJEHU A

The observations upon which this paper is
based come from two main sources. The
first group are part of a long term moni-
toring programme undertaken by the UK
Schmidt Telescope at Siding Springs Ob-
servatory in Australia from 1975 till 2002.
The survey area comprises the central 20
square degrees of of the ESO /SRC Field

HabmtoneHus1, Ha KOTOPbIX OCHOBAaHA 3Ta CTAThA,
MOJTy4€HBI U3 JIBYX IJIaBHBIX UCTOUYHUKOB. [lepBas
rpynmna - 4acTh JOJATOCPOYHOMN MPOrpaMMbl MOHH-
TOpPUHTa, IPOBOAsIIErocs Ha bpuranckoMm Terne-
ckore HImunra B O6cepBatopun Caiiauar CrpuHr
B ABcTpanuu ¢ 1975 no 2002 rr. O61acTs 0030pa
BKJIIOUYAET IIeHTpasbHble 20 KBaJpaTHBIX ITPaagyCcoB
ESO/SRC Ob6aactu 287 ¢ uentpom B 21h 28m, -45°




287, centred on 21h 28m, -45° (1950).
Some 300 plates were taken of this field in
several passbands and over time intervals
varying from an hour to 28 years. Part of
the monitoring programme involved taking
a sequence of plates in the B; (Il1a-J
/GG395) passband every year from 1975 to
2002, with the exception of 1976, and in
most years at least 4 plates were obtained.
In order to monitor time variability on
shorter timescales, a second sequence of 24
plates was taken from 1983 to 1985, cov-
ering the 2 year period as uniformly as

(1950). [Ipubauzurensuo 300 naacTuH ObLIU clie-
JIaHBI C 3TOM 00JIaCTH B HECKOJBKHX TOJIOCAX MPO-
ITyCKaHUs, B TEUCHHE UHTEPBAJIIOB BPEMEHM OT yaca
1o 28 net. YacTs mporpaMMbl MOHUTOPHHTA
BKJIIOYaJsa MOJIy4eHHE MOCIIeJ0BATEIbHOCTH TIa-
CTHH B nosoce nponyckanus By (I11a-J/GG395)
exxerogHo ¢ 1975 r. o 2002 1., 32 HCKIIFOUEHUEM
1976 T, 1 B OOIBIIUHCTBE JIET OBLIO MOTYYEHO 110
MEHbIIIeH Mepe 10 4 TIacTUHBL,. YTOOBI KOHTPO-
JMPOBATh U3MEHYMBOCTh BPEMEHH Ha OoJiee Ko-
POTKHMX BpEeMEHHBIX MaciiTabax, Oblia ciejaaHa
npyrast cepus u3 24 miuactud ¢ 1983 mo 1985 rr.,
MOKpBbIBAIOIIAs 2-JI€THUN MEPUOJ HACTOJILKO PaB-

possible. HOMEPHO, HACKOJIBKO BO3MOJXKHO.
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Figure 1. SEDs of sets of simulated light
curves. The solid lines show the spectrum
of variations used to construct the two
different samples of light curves. Filled
circles show the SEDs obtained by sam-
pling as for the real data, and the open
circles show the result of applying the
sampling correction as described in the
text.

Puc. 1. CPD MHOXecTBa MOAEIUPYEMBIX CBETOBBIX
KpuBbIX. CIUIONIHBIE JIMHUN TIOKAa3bIBAOT CIIEKTP
Bapualuil (nepuoouuecku usMeHAIOWUXcsa u3ny4eHu
keazapos —Ilepes.), NUCTIONb3YEMBIX AJISl TIOCTPOECHUS
JIBYX Pa3IMYHBIX BEIOOPOK CBETOBBIX KPUBBIX. 3a-
NIOJIHEHHBIE KpYyTHu noka3piBatoT CPD, mosrydyeHHbIe
U3 BBIOOPOK pealIbHbIX JaHHbIX, U IIyCThIE KPyTH
MIOKa3bIBAIOT PE3yJIbTaT PH MPUMEHEHUH UCTIPaB-
JICHUs1 OCYIIECTBIICHHSI BEIOOPKH, KaK OMHCAHO B
TEKCTe.

The plates fom the monitoring progamme
were measured by the SuperCOSMOS
measuring machine at the Royal Obser-
vatory, Edinburgh to give catalogues of
flux, position and image quality parame-

[InacTunbl, noy4eHHbIE IO IPOrpaMMe MOHUTO-
pUHTa, OBLIIM U3MEPEHBI U3MEPHUTEIBHON MaIIMHOM

"CynepKocmoc" B Onunbyprekoit Koponesckoit

OO6cepBaropuu, 9TOOBI CO3/IaTh KATAJIOTH MapaMeT-
POB MOTOKA, MOJIOKEHHSI ¥ KaYeCTBA H300PaKCHHSI.




ters. The raw magnitudes were calibrated
with deep CCD sequences, and the results
paired up to give a catalogue of some
200,000 objects to a completeness limit of
Bj; = 21.5, with magnitudes for the epoch
corresponding to each plate. The plates
were reduced to the same zero-point using
local photometric transformations to mi-
nimise errors due to field effects across
the plates, and light curves were con-
structed for every object in the catalogue
from the mean magnitude for each year.
The overall root mean square (rms) vari-
ation on the light curves due to photome-
tric errors was estimated by measuring the
rms variation of the light curves of sam-
ples of stars of similar color and magni-
tude distribution to the quasars. The re-
sult, on the assumption that the stars were
non-variable, was an rms of £0.05 mag.

HeoOpaboTaHHble BETHUNHBI OBUTH KAIHOPOBAHEI C
nocneaoBarenbHocTIMU TyOokux [13P, u coenu-
HEHHBIE PEe3yJIbTAThI JAJI KaTaJoT MPUOIH3UTEIHHO
200 000 o6BeKTOB K mpeeIy 3amnonnenus By =21.5,
C 3BE3IHBIMH BEJTMUMHAMH JJIS1 STIOXH, COOTBETCT-
BYIOIIEH Kakoi TuacTure. [ImacTunel 6buH Tpu-
BEJICHBI K TOMY K€ CaMOMY HYJICBOMY OTCYETY, HC-
MI0JIB3YS JIOKATbHBIC (DOTOMETpHUYECKHE TPeodpaso-
BaHUs, YTOOBI MUHUMH3UPOBATH OITUOKH, BO3HH-
KaroIue BeiencTre 3 GeKToB Mojei Ha IIacTUHE,
Y CBETOBBIC KPHUBBIC OBLIH MOCTPOSHBI JIJISI KXKIOTO
00BEKTa B KaTajore oT CpeiHeil BETMYUHBI B TCUCHHUE
Kaxoro roja. Oomee cpeTHeKBaAPaTHIHOE OTKIIO-
HEHHE JJIS1 CBETOBOW KPHUBOM, BO3HUKAIOIIEE U3-3a
dboTOMETpUYECKHUX OMHMOOK, OBLIO OLIEHEHO C T10-
MOIIbIO H3MEPEHHSI CPETHEKBAAPATHYHOTO OTKJIIO-
HEHHS PACIIPEICIICHUS BHIOOPOK CBETOBBIX KPUBBIX
3BE3/1 C MOJAOOHBIM KBa3apaM IIBETOM U 3BE3THOU
BEJIMYMHON. Pe3ynbraToM, pu JOMyIEeHHH, YTO
3Be3/1bl HE ObUTN IEPEMEHHBIMHU, OBIIIO CPETHEKBA/I-
patnuHoe 3Hayenue +0.05 mag.

Throughout the period in which Field 287
was being observed, intensive efforts
were made to detect the quasars in the
field. Given the nature of the survey ma-
terial, quasars were most readily found
from their variability. However, every
other available technique was used to
supplement this method, including ul-
tra-violet excess, objective prism spectra,
radio and X-ray surveys and two colour
selection for high red shift objects. In the
event most of the candidates which were
identified as quasars after spectroscopic
follow up were found by more than one
technique, giving a good idea of the
completeness of the final quasar cata-
logue.

B Teuenmue Bcero nepuona Hadmoaenus Obnactu 287
IpUIarajuch UHTEHCUBHBIE YCUIIHS Ul OOHapyKe-
HUS KBa3apOB B 3TOM 00aCTU. YUUTHIBAS PUPOTY
MaTepHala Ioucka, KBa3apsl ObUIO JIyYllle BCEro uc-
KaThb 10 UX nepemeHHoctu. OnHako, u arobas goc-
TYTHas TEXHUKA UCIOIb30BANIACh I MOJAEPIKKH
ATOr0 METO/Ia, BKIIt0UYasi H30BITOYHBIN YIbTpaduoer,
CHEKTPBI C 0ObEKTUBHON NMPU3MOI1, 0030pbI paano- U
PEHTT€HOBCKOTO U3JIyYEHH, U IBE LIBETHBIX CEJIEK-
II1H 17151 00BEKTOB € OOJIBIIMM KPACHBIM CMEIIEHUEM.
B cnyuae OonblIMHCTBA KaHAMIATOB, KOTOPbIE OBLIN
UIEHTU(QHULIMPOBAHBI IOCIE CHEKTPAIbHOTO METO1a
KaK KBa3aphl, NOJYYMIIOCh, YTO OHU ObUIM Hal1EHbI
0o0JIblIIe YeM OJTHUM METOJIOM, J1aBasi XOPOLIYIO UACIO
MOJIHOTHI 3aKJIIOYMTENIBHOrO KaTajlora KBa3apos.

The total number of quasars so far con-
firmed with red shifts now stands at over
1200 in the 20 square degrees of the sur-
vey area. Of these, 810 have no gaps in
their light curves and make up a complete
sample with well defined magnitude and
position limits. This sample was used for
the light curve analysis.

OO11ee KOIMYECTBO KBA3apoB C YK€ MOJATBEPIK/ICH-
HBIM KpacHbIM CMelIeHUeM Teneps npessimaet 1200
B 20 KBa/ipaTHBIX rpaaycax obgactu o63opa. U3 Hux
810 HEe UMEIT HUKAaKUX IPOMEKYTKOB B NX CBETOBBIX
KPHBBIX U COCTABIISAIOT MOJHBIM 00pasel ¢ XopoIo
ONPEAETICHHON 3BE3THON BETUYMHOMN U NIpeeIaMu
HOJIOXKEHHUs. DTa BEIOOPKA UCTOIb30BaIach s
AHaJIM3a CBETOBBIX KPUBBIX.

The second group of observations come
from the monitoring programme of the

Bropas rpynna HaOI0JeHUH IPOUCXOIUT U3 TIPO-
rpammbl MoHUTOpHHTA NTpoekTa MACHO (Anbkok




MACHO project (Alcock et al. 1997). In
this survey, which was primarily designed
to detect microlensing events in the Ma-
gellanic Clouds and measure their light
curves, an area containing several million
stars was observed on average every few
days over a period of about eight years. In
addition, there has been a determined
effort to detect any quasars lying in the
survey area ((Geha et al. 2003), (Dobr-
zycki et al. 2005) and references therein).
Short timescale light curves for the 74
quasars with adequate photometry were
constructed by binning the observations at
50 day intervals, giving a total of 49
epochs for each quasar. Of these, 68 lay
within the luminosity bounds of the sur-
vey and were used in the light curve
analysis.

(Alcock) u ap. 1997). B aTom 0630pe, KOTOPBINA OBLT
cHauaja pazpaboTaH, 4TOObl 0OHAPYKUTH MUKPO-
JMH3UPOBaHHBIE cOObITHS B MaremnanoBeix O0makax
U U3MEPUTh UX CBETOBbIE KPUBBIE, 00JIACTbh, COJEP-
JKarasi HECKOJIBKO MIJUTHOHOB 3BE3]1, HA0II01a11ach B
CpeIHEM KaX/ible HECKOJIbKO JHEH B TeUeHHE MpHU-
Onmu3uTeNnEHO BOochbMH JieT. Kpome Toro, 66110 mpH-
JI0KEHO ONpeeNEHHOe yCUIue sl OOHApy KEeHUS
TO00BIX KBA3apoOB, JISKAMUX B 00JacT 0030pa
((dxexa (Geha) u ap. 2003), (LoOpKbILIKI
(Dobrzycki) u ap. 2005) u ccbuiku Tam). KopoTtkue
1o MaciTaly BpEMEHU CBETOBBIE KPUBBIC JUISL 3THX
74 xBa3apoB c ajieKBaTHON oToMeTpuen ObUIH I10-
CTPOEHBI C TIOMOIIbIO IOBTOPEHUI HAOIIOIEHUI ¢
50-1HEeBHBIMHM MHTEpBaJIaMH, AaBasi B cyMMe 49 3mox
JUISL KaXJ10ro KBaszapa. M3 Hux 68 siexar B npeaenax
TpaHUI] CBETUMOCTH 0030pa M HCIIOIH30BAITUCH B
aHaJIu3€e CBETOBBIX KPUBBIX.

3 LIGHT CURVE ANALYSIS

3 Anaiu3 CBeTOBBIX KPHBBIX

3.1 Fourier power spectra

3.1 DHepreTuyeckue cnekTpol Pypne

The main purpose of this paper is to
compare timescales of variation in low
and high red shift samples of quasars.
Fourier power spectrum analysis will be
used to quantify the variation on different
timescales, and to look for changes with
redshift.

I'naBHAs 1ieIb TOM CTATBU COCTOUT B TOM, YTOOBI
CPaBHUTb LIKAJIbI BPEMEHU BapHaluii B BIOOpKax
KBa3apoB C MaJIbIM U OOJIBIIMM KPAaCHBIM CMELICHH-
eM. byner ucnonb3oBaH cniekrpanbHblid Dy-
pbe-aHallu3 SHEPTUH, YTOObI KOJIMYECTBEHHO Olle-
HUTb BapHalliy 110 Pa3JIMYHBIM IIKajdaM BPEMEHH, U
VICKATh CBI3b BapHAalMi C KPACHBIM CMEILICHHEM.
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Figure 2. The left hand panel shows SEDs
of light curves in the observer frame for
quasars from the Field 287 survey (filled
circles) and from the MACHO project
(open circles). The solid line is the best fit
of the curve in Eq. 2. The right hand panel
shows the same data divided into three
magnitude ranges as defined in Table 1. In
this case filled circles, open circles and
stars represent high, medium and low lu-
minosity bins respectively. Solid lines are
fits to the data as for the left hand panel.

Puc. 2. JIeBast nanens nokassiaer CPO cBeTOBBIX
KPHUBBIX B CUCTEME OTCUETa HaOIII01aTeNs Il KBa-
3apoB 13 0630pa O6nactu 287 (3aroNHEHHbIE KpPY-
ri) u u3 npoekra MACHO (mycteie kpyru). Tsép-
Jiasi TMHUS — JyYIlle BCEro YAOBIETBOPSET KPUBOIA,
onucaHHOI B Yp. 2. [IpaBas naHenb MOKa3bIBAET TE
K€ caMble JJaHHbIE, pa3/ieJIEHHbIE Ha TPU JUana3zoHa
3BE3/IHBIX BEJIMUMH, KakK orpeseneHo B Tabnuue 1.
B sToMm ciyuae 3anosHEHHbIE KPYTH, ITyCThIE KPYTH
Y 3BE3/I0YKH MPEACTABIAIOT OOIbIINE, CPETHUE U
MaJible AMAana3oHbl CBETUMOCTH COOTBETCTBEHHO.
TBEpble TMHUM - JIy4IlIEe BCETO YIOBIECTBOPSIIOT
JTaHHBIM, KaK B JIEBOM MaHEIIH.

We define the Fourier power spectrum P(s)
as:

MbI onipeensieM dHepreTudeckuid cnektp dypewe,
P(s) xax:

P(si)
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where i runs over the N equally spaced
epochs of observation separated by time T,
and m(t;) is the magnitude at epoch t;. In the
case of a sample of light curves, the inte-
gration for each frequency continues over
all sample members.

rae i npoberaet N OMHAKOBBIX ITPOMEXKYTKOB 3IIOX
HaOJIOJeHHs, OT/ACNICHHOTo BpeMeneM 7, 1 m(t;))
ABJISETCA 3BE3/IHON BEIIMYMHOM B d1oxe fj. B ciydae
BBIOOPKH CBETOBBIX KPUBBIX HHTETPUPOBAHUE TS
Ka)kJ[OW YaCTOTHI [IPOIOJIKAETCS 10 BCEM YIEHAM
BBIOODKH.

Since quasars typically vary on timescales
of as little as a few months, the power
spectra of the light curves with several
observations averaged to give measures for
yearly epochs must be corrected for the
actual sampling pattern. This was done by
constructing simulated light curves with
fully sampled epochs of observation, and
with sampling identical to the the times of
the actual observations, with a resolution of
0.1 years. The simulations were carried out
along the lines advocated by (Timmer &
Konig 1995). Fourier power spectra were
then calculated for sets of 1000 simulated
light curves with full and actual sampling,
and the correction obtained as the differ-
ence between the two. This correction was
then applied to the power spectrum of each

Tax kak, THDUYHO, KBa3apbl U3MEHSIOTCS 110 Mac-
mTaly BpeMEHU MUHUMYM HECKOJIBKO MECSIIEB,
CHEKTPHI JHEPTHU CBETOBBIX KPUBBIX C HECKOJb-
KHMH yCPETHECHHBIMU HAOIOICHUSMH, YTOOBI
MPEJICTAaBUT U3MEPEHUS [Tl €3KETOIHBIX JIO0X,
JIOJDKHBI OBITh UCTIPABJICHBI TS (DaKTUIECKOTO
oOpasma BBIOOPKHU. ITO OBLIO CAEIAHO C TTOMOIIBIO
MTOCTPOCHUS MOJICITUPYEMBIX CBETOBBIX KPUBBIX C
MIOJIHOCTHIO BRIOPAHHBIMU 3M10XaMH HAOIIOIEHUS, U
C OCYIIIECTBJICHUEM BBIOOPKH, HICHTUIHOH TIO
BPEMEHH BBIOOpKE (haKTHUECKUX HAOIIOICHUH, C
paspeuienueM 0.1 rona. MonenupoBanusi ObLITH
BBITIOJTHEHBI B COOTBETCTBUH C HAIIPABJICHUEM, OT-
crauBaeMbiM Tummepom u Konurom (Timmer &
Konig 1995). Duepreruyeckue cnektpsl Dypbe
ObLIM TOT[a BEIYMCIEHBI 11t MHOKecTBa 13 1000
CMOJICTMPOBAHHBIX CBETOBBIX KPUBBIX C TIOJHBIM U
(haKTUYECKHUM OCYIIIECTBICHUEM BBIOOPOK, U HC-




of the observed light curves. The effect of
the sampling correction is illustrated in
Fig.1, which shows SEDs for simulated
light curves with widely different modes of
variation. (For the purposes of this paper,
we define the SED as a plot of the product
of Fourier power and frequency versus
frequency.) The solid line shows the spec-
trum of variations on which the simulations
were based. Also shown are the SEDs of
the simulated light curves sampled as for
the actual data, and the effect of applying
the sampling correction.

MPAaBJICHUEM, TTOJTYUYEHHBIM KaK Pa3HOCTh MEXKIY
STUMH JIByMs. DTO UCIIPaBIICHHE OBLIO TOT/A MPH-
MEHEHO K CIIEKTPY SHEPTUU KaKI0N U3 HaOII0-
JTaeMBIX CBETOBBIX KPUBBIX. D((PEKT ucnpanieHus
BBIOOPKY WILTIOCTpUpOBaH Ha Puc.1, koTopslii no-
ka3piBaeT CPD st MozienmpyeMbIX CBETOBBIX
KPUBBIX C IIMPOKO Pa3HECEHHBIMU MOJAMH Bapua-
uuu. (B nensx stoii ctateu Mbl onpeaensiem CPD
Kak rpaduk nmpousBeneHus Oypbe-3HEPTUH U Yac-
TOTHI B 3aBUCUMOCTH OT 4acTOThl.). TBEpaas nuHus
MOKA3bIBACT CTIIEKTP BapHalliii, HA KOTOPBIX 0a3u-
poBaioch MoaenrpoBanue. Takxke nokazansl CPO
MOJICIMPYEMBIX CBETOBBIX KPUBBIX, BRIOPAHHBIX KaK
Ut (paKTHUECKUX JaHHBIX, TaK U 11 3 dexra
MIPUMEHEHHUS UCTIPABIICHUS BHIOOPKH.

A second correction was also necessary to
allow for the effects of Poisson noise in the
observed light curves as discussed by
(Hawkins 2007). The Poisson noise level
was measured by calculating the Fourier
power spectra for large samples of stars,
assumed to be non-variable. This correc-
tion, which was quite small, was subtracted
from the integrated power spectra of the
samples of light curves. Fourier power
spectra of the three sets of light curves de-
fined in Section 2 were calculated as de-
scribed above, and are plotted as SEDs in
the left hand panel of Fig. 2. It will be seen
that all three SEDs are in good agreement
in the areas of overlap, giving confidence
that there were no residual systematic ef-
fects in the data.

Bropoe ucnpaBneHue ObUTO Tak:ke HEOOXOIUMO,
4yT0OBI YuecThb 3 dexTrl myma Ilyaccona B Ha-
OJII0JaeMBIX CBETOBBIX KPUBBIX, KaK 00CYKICHO
XoykunacoMm (Hawkins 2007). YpoBens mryma Ily-
accoHa ObLIT U3MEPEH MPU BBIYUCICHUH YHEPTETH-
YeCKHX CreKTpoB Dypbe 111 OONIBLINX BHIOOPOK
3BE3]], B IPEANOJIOKEHUH UX HEIEPEMEHHOCTU. DTO
UCIpaBJIEHUE, KOTOPOE ObUIO JOCTATOYHO MAJIbIM,
OBUIO BHIYTEHO U3 MHTETPUPOBAHHBIX BEIOOPOK
HHEPreTUYECKUX CIIEKTPOB CBETOBBIX KPUBBIX.
OHepreruueckue crnekTpbl Pypbe Tpex HaOOPOB
CBETOBBIX KPUBBIX, ONpe/ieNIeHHbIX B Paznene 2,
ObUIN BBIYHMCIICHBI CIOCOOOM, OMMCAHHBIM BBILIE, U
nomeleHsl Ha rpaduk, kak CPD B neBoil manenun
Puc. 2. byzner 3ameueno, uro Bce Tpu CPD Haxo-
JISITCS B XOPOIIIEM COTJIACUU B 00JIaCTSAX HAIOKEHMUS,
BCEJISAsS YBEPEHHOCTb, YTO HE ObUIO HUKAKUX OCTa-
TOYHBIX CUCTEMATUYECKUX 3()PEKTOB B TaHHBIX.

In order to obtain a measure of timescale
and other parameters, the SEDs were fitted
by the function:

UToOB! MOMYyYUTH MEpy MacmiTaba BpeMEHH | Jpy-
rux mapamerpoB, CPD ObL1M moiorHaHb! (QYHKITH-
en:

P(f) = ¢

a —b
(£)" +(£) 2)

_ C
P(f) = — —
(£)" +(£) 2

This function has the form of a power law
rise from short timescales, turning over at a
characteristic timescale t = £.”'. The max-
imum power density occurs at timescale
tmax given by:

VY 310l QyHKIHMH ecTh (hopMa CTETICHHOTO 3aKOHa,
YBEJIMYUBAIOLIETOCS IPU KOPOTKOM Maciitade
BPEMEHHU, U MIEPEBOPAYNBAIOLIECICS TTPU XapaKTe-
PUCTUYECKOM BPEMEHHU T = fc'l. MakcumanbHas
IUIOTHOCTB DHEPTUH MPOUCXOIUT IIPU BPEMEHH fmax

(¥} al—E
fﬂ?,a.r =T T
]

€)
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Trar — 4 j) (3)
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Figure 3. Same as for Fig. 2 but with a
correction for time dilation applied to the
SEDs.

Puc. 3. To xe camoe, uto Ha Puc. 2, Ho ¢ ucrpas-
JIEHUEM JUJIsl pacTSKEHHsI BPEMEHH, OTHOCSILIUMCS

K CPD.

The function P(f) was fitted iteratively to
the data in the left hand panel of Fig. 2, and
the best fit is shown as a solid line. Best fit
values for the parameters tmax and T are
given in Table 1 together with the sample
size, the asymptotic value of the slope or
power law index towards short timescales
(-a), and the X? value of the fit. With 14
degrees of freedom, the fit is clearly satis-
factory.

Oyukuus P(f) Opli1a UTEpAMOHHO MPUCIIOCO0IeHa
K JJaHHBIM B JIeBOM naHenu Puc. 2, u myumas nog-
TOHKA IIOKa3aHa B BUJE TBEPAOU IuHUM. Jlydmme
MIPUCTIOCOOICHHBIE 3HAUEHUS JJ15 TAPAMETPOB tmax U
T mpuBenensl B Tabnuie 1 BMecTe ¢ pazmepom
BBIOOPKH, ACUMITOTHYECKUM 3HAUCHUEM MaICHUS
WJIM TIOKA3aTeJIeM CTEIIEHHOIO 3aKOHA K KOPOTKOMY
MacmTady BpeMeHH (-a) U 3HaYCHUEM X? IO ATOHKH.
C 14 crenensamMu cBOOOIBI ITOATOHKA SBISETCS SICHO
YAOBJIETBOPUTEIIHLHOM.

The errors on the model paramaters were
estimated by repetitively selecting half the
sample at random, and carrying out the
fitting procedure. The errors were then
calculated from the measured dispersion in
the parameter values and are shown in Ta-
ble 1.

OmmOku B mapameTpax MOJAeNu ObUTH yCTaHOBJIE-
HBI, IOBTOPHO BBHIOMpasi MOJIOBUHY BBEIOOPKU Hay-
raji, ¥ BBINIOJIHAS MPOLEeaypy HacTporku. Ommoku
ObUIN BBIYHMCIICHBI U3 U3MEPEHHOM TUCTIEpCHU B
3HAYEHUSX MapaMmeTpa, 1 mokaszansl B Tabmnuue 1.

Preliminary examination of the left hand
panel of Fig. 2 suggests that the data follow
a power law rise from high frequency
(short timescale) variation which breaks at
a timescale of about 5 years to reach a
maximum power density at around 25
years. The position of this maximum is
however not well defined due to lack of
long timescale measurements.

[IpenBapuTenbHbIi aHaIu3 J1eBoi naHenu Ha Puc. 2
IIPENIIOIIAraeT, 4YTo JAHHBIE COOTBETCTBOBAJIM CTE-
IIEHHOMY 3aKOHY, IIOBBIIIAIUCH OT BBICOKOYACTOT-
HOM 4acTH cIeKTpa (KOpOoTKas IIKaja BpeMEHH)
BapHally, KOTOpast MPEeKpaIiaeTcs npuoIn3m-
TEJIHO Yepe3 5 JIeT, YTOOb! JOCTUTHYTh MaKCH-
MaJbHOMU IUIOTHOCTH 3HEPIHUHU B IIpesenax 25 Jer.
[TonoxeHne TOro MakCUMyMa, OJJHAKO, HEZJOCTa-
TOYHO XOPOIIIO ONPEAEICHO U3-3a HEXBATKU J0J-
TOBPEMEHHBIX U3MEPEHHUH.
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3.2 Magnitude effects

3.2 DpdexTnl 3BE31HOI BeTMIHHBI

The idea that there is a correlation between
the way quasars vary and their absolute
magnitude or luminosity has a long history.
In particular, several authors (Hook et al.
1994; Cristiani et al. 1996; Hawkins 2000)
have claimed to find an anti-correlation
between luminosity and amplitude, in the
sense that for a sample of quasar light
curves, more luminous quasars are seen to
vary over a smaller range of brightness than
less luminous ones. One of the problems
with this conclusion is that the observed
amplitude is clearly a function of the length
of the run of observations, and so can be
confused with timescale of variability.

Wnes o cymiecTBOBaHUH KOPPEISLIUU MEXK/TY CIIO-
co00M M3MEHEHUS KBa3apoB M X a0COJIFOTHOM Be-
JTUYMHOUN WM CBETUMOCTBIO, UMEET NTUHHYIO HC-
TopHI0. B yacTHOCTH HECKOJIbKO aBTOPOB (XYK U
ap. 1994; Kpuctuanu u ap. 1996; Xoykunc 2000),
YTBEPKAAIH, YTO HAIUIA AHTUKOPPEIIALIUI0 MEXKIY
CBETMMOCTBIO U aMILIUTY/I0H, B TOM CMBICIIE, YTO
JUISL BHIOOPKHU CBETOBBIX KPUBBIX KBa3apoOB KBa3aphbl
c OoJpIIIel CBETUMOCTBIO, KaK 3aMEYEHO, U3MEHSI-
I0TCS B MEHBIIEM JIMana3oHe CBETUMOCTH, YeM
KBa3aphl C MEHbLIEH CBETUMOCTHI0. O/1Ha U3 TIPO-
0J1eM C 3TUM 3aKIIFOUYEHUEM - TO, YTO HabIogaeMas
aMIUTUTYAa TOYHO SBJISIETCS (PYHKUIMEH UTUTENb-
HOCTH HAOJIIOJIEHUH, U TIO3TOMY MOXKET HE COOT-
BETCTBOBATh MACHITa0y BPEMEHHU BapHAIIHH.

Fourier analysis provides a way round this
by giving measures of variability on dif-
ferent timescales. In the right hand panel of
Fig. 2 the data in the left hand panel is di-
vided into three luminosity ranges and the
SEDs fitted with the function P(f) in Eq. 2
as for the left hand panel.

@Oypbe-aHanu3 cHabKaeT HaC JPYTUM CIIOCOOOM,
JaBasi MEpbl U3MEPEHUs Bapyalliii B pa3IMYHBIX
Macmrabax Bpemenn. CrpaBa Ha pucyHke Puc. 2
JAaHHBIEC U3 JICBOUM YacTH pa3/eieHbl HA TPU JHUara-
30Ha cBeTuMocTH U CPD, mogorHanHbIX QyHKIMEH
P(f) B Yp. 2, xaKk ¥ U1 JI€BOM YaCTH PUCYHKA.

The three curves in the right hand panel of
Fig. 2 show broadly the same features as
the curve in the left hand panel, but it is
clear that the anti-correlation between lu-
minosity and amplitude is confirmed. The
maximum power density of the lowest lu-
minosity quasars is greater than the highest
by a factor of 1.5. In this case it appears that
the time span of the data is sufficient to
resolve the degeneracy between timescale
and amplitude.

Tpu kpuBbIe B IpaBoi yacTu Puc. 2 nokaseiBaroT
IIUPOKO T€ e caMble 0COOCHHOCTH, KaK U KpUBas
CrpaBa, HO SICHO, YTO aHTUKOPPEIIALIHS MEXITY
CBETUMOCTBIO M AMIUIUTYOU MOATBEPKIAETCS.
MakcumanbHasi INIOTHOCTh SHEPTUU KBA3apOB C
caMoii HU3KOW CBETUMOCTBIO OOJIbIIE, YEM C CaMOit
BBICOKOM CBETUMOCTHIO B 1.5 paza. B aTom ciydae
MPOSIBISIETCS, YTO OTPE30K TAHHBIX BPEMEHU J0C-
TATOYEH JJIs PEIIeHUsI TPOOJIEMbI N30UPATETHLHOCTH
MeX/1y MaciiTaboM BpEMEHHU U aMIUIUTYIOH.

A striking feature of the three SEDs is the
difference in the power law indices at high
frequencies. It appears that there is a very
marked decrease in the amount of short
timescale variation as quasars become
more luminous. The analysis of this intri-
guing result is beyond the scope of the
present paper, but we note it here because
of its possible effect on the measurement of
time dilation, and will discuss it further in
Section 4.

[TopasurensHas ocobeHHOCTh Tpex CPD - pa3HOCTH
B IMOKA3aTeNSAX CTETICHHOTO 3aKOHA MTPH BHICOKHUX
yacToTax. Kaxkercs, 4To €CTb CUIIbHOE 3apErucCT-
pI/IpOBaHHOG YMeHI)H_IeHI/Ie BCIIMYNHBI Bapnaum/l
KOPOTKOTO MacIiTaba BpeMeHHU TI0 Mepe pocTa
CBCTUMOCTHU KBaSaPOB. AHaJ'H/IS 3TOTO I/IHTpI/IFYI-O-
IIeTO pe3ybTaTa HaXOAUTCSA BHE 00JacTH JaHHOU
paboThI, HO MBI OTMEYAEM €T0 37IECh U3-3a €TO
BO3MO’KHOT'O BIIMSIHUSI HA U3MEPEHUE PACTSHKCHUS
BpeMeHH, 1 006cyuM 3To nanee B Paznene 4.

Of great interest is the timescale at which
the three SEDs reach their maximum power
density. Unfortunately, lack of longer

bonpmoil nHTEpEC NIPEACTABIISIET BPEMS, B KOTOPOE
Tpu CPD nocruraiot cBoeid MakCUMaIbHOM
10THOCTH 3Hepruu. K coxxanenuro, HexBaTka 00-
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timescale data makes the exact positions
uncertain, and it would be premature to

identify any trend of this parameter with
luminosity. In fact, all three measures of
tmax In Table 1 are consistent within the

errors with having the same value.

Jiee JUIMHHBIX TAaHHBIX O BPEMEHH JIeJIaeT TOUHBIC
MOJIOKEHUS COMHUTEIBHBIMU, U ObLIO OBbI Mpex-
JEeBPEMEHHO HICHTH()UIIUPOBATH JTIOOYIO TCH/ICH-
IIIO ATOTO MapaMeTpa co CBETUMOCThI0. DakTu-
YECKH, BCE TPU BEITUYMHBI fmax B Tabsmire 1 co-
BMECTUMBI B IpeieNiaX OMUOOK ¢ HaTHYHUEM OJU-
HAaKOBOT'O 3HAYCHMSI.
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Table 1. Timescale parameters for magni-
tude and redshift limited samples of quasar
light curves in the observer and quasar
frames.

Tabauna 1. [TapameTps! MaciTaba BpeMEHU IS
3BE3JHON BEJIMYMHBI U KPACHOTO CMEIICHHSI OTpa-
HHUYCHHBIX BI)I60pOK CBCTOBBIX KPUBBIX KBa3apOB B
CHUCTeMax OTCYETA KBa3apa U HaOJIOIaTesl.

sample mean size | t(years) |tmax (Years)| index trer (years) 2
BEIOOpKA cpenHee 00béM| (rojibI) (romr) CTCTICHb (rojer) X
observer frame
cucTeMa OTcuéTa HaOJII0JaTes
all quasars 878 | 17.0£1.6 | 23209 |-0.830.02| 24 | 1438
BCC KBa3apkl
-23.5< Mg <Mg>=-22.64| 217 | 23.2+1.6 | 23.5+2.1 |-0.64 +£0.02 1.3 11.1
-25.5 <Mg<-235| < Mg >=-2455| 484 | 13.3+0.9 | 20.6 £1.1 |-0.94 +0.02 2.5 6.1
Mg <-25.5| < Mg >=-26.09| 177 | 15.6+1.4 | 31.4+6.2 |-1.12 £0.05 5.0 12.9
z<1.0 <z>=0.765 | 171 | 16.3+£1.9 | 27.7+5.0 [ -0.81 £0.05 2.2 9.6
z>1.0 <z>=1711 | 469 | 14.2+1.0 | 20.3 £1.0 | -0.88 +0.02 2.2 7.3
quasar frame
cucTtema OTcu€Ta KBazapa
all quasars 878 | 52404 | 11.5£0.6|-091+0.03| 09 | 165
BCC KBa3apkl
-23.5 < Mg <Mg>=-22.64| 217 | 10.7+4.2 | 14.3+£7.6 | -0.67 £0.05 0.7 30.6
-255<Mg<-235|<Mg>=-2455| 484 | 7.0+04 | 7.8 0.8 |-0.84 £0.02 1.0 37.4
Mg <-255|<Mg>=-26.09| 177 | 4.1+0.3 | 144+3.4 |-1.17+0.04 15 5.1
z<1.0 <z>=0.765 | 171 | 7.4+0.6 | 152 +2.9 |[-0.87 £0.05 1.2 14.9
z>1.0 <z>=1711 469 | 6.8+0.6 | 7.4+0.4 |-0.82 +0.03 0.8 5.2
4 TIME DILATION 4 PACTA)KEHUE BPEMEHHA

4.1 The quasar frame

4.1 Cucrema oTcuéra KBazapa

The SEDs in Fig. 2 represent timescales in
the observer's reference frame, and de-
scribe variations as measured from Earth. If
it is assumed that these variations in flux
are intrinsic to the quasars, then the time-
scales will be subject to the effects of time
dilation. If we wish to recover the time-
scales as they would be seen in the rest
frame of the quasar, it is necessary to
change the unit of time for each individual
light curve for a quasar of redshift z by a
factor (1+z)"", and hence the frequency

CPD na Puc. 2 npeactapisitoT MacITabbl BpeMEHH
B CHCTEME OTCU€Ta HAaOII0AATENs, U OIMCHIBAIOT
BapHaluy, u3MepeHHsle ¢ 3emuu. Ecnu npenro-
JIO’KUTh, YTO 3TU BapHUalliU IOTOKA CBOMCTBEHHBI
KBa3apaM, TO MacIiTad BpeMEHHU MOABEPrHETCS

s dexram pactsokeHus. Eciu ObI MBI )KelaeM BOC-
CTaHOBHTb T€ MACIITa0bl BPEMEHH, KAKUMHU OHU
HaOMo1amuch ObI B MOKOSIIIEHCs cucTeMe OTcuéTa
KBa3apa, He00X0AMMO U3MEHUTh EJUHUILY BPEMEHU
JUTSL KQX0W MHIMBU1yaIbHOW CBETOBOW KPUBOU
JUIS KBa3apa ¢ KpaCHbIM CMELICHUEM Z C IOMOLIbIO
muoxutens (1+z)', i, cel0BaTeIbHO, YACTOTHYIO
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scale by a factor (1+z). This leads to a
modification of Eq. 1 such that

mKaixy — ¢ MHoxuTeneM (1+z). OTo npuBoauT K
Mojubukamu Yp. 1 Takum o6pa3zom, 4To

7 2 1/(1+2) (4)

7 2 1/(1+2) (4)

As well as re-scaling by a factor of (1+z)
along the time axis, there is an additional
correction to make to the normalisation by
a factor of (1+z), to keep the power the
same in the observed and time-shifted light
curves.

Tax ke kak nepeonpezeneHue MaciTada MHOXH-
tenem (1+z) BOOIb OCH BpeMeHH, CYIIECTBYET J0-
TIOJTHUTEIIbHASI KOPPEKIIHS I HOPMaJIU3aIluu
MHOXHTENEeM (1+z), 9TOOBI COXPAHHUTH YHEPTHUIO
HEU3MEHHOI B CBETOBBIX KPUBBIX: HA0JII0/Ia€MbIX U
CIABUHYTBIX BO BPEMEHHU.

Fig. 3 shows the effect of applying the
correction for time dilation to the data in
Fig. 2. The SEDs are fitted with the func-
tion P(f) defined in Eq. 2 as before, and the
best-fit parameters are given in Table 1.
Broadly speaking, the effect of correcting
for time dilation is to shift each of the
curves to shorter timescales by a factor
(1+<z>), where < z > is the mean red shift
of the objects in the magnitude bins. There
is a marked increase in the scatter in the
data after they have been corrected for time
dilation, but the maximum power density is
not changed. In order to quantify any shift
in timescale after correcting for time dila-
tion, we define a reference time ¢z, as the
timescale at which log(P(f)) = -2.4. Values
of #.rare also given in Table 1.

Puc. 3 noka3spiBaet 3pPeKT npuMeHeHHs] KOppeK-
UM JIJTS PACTSKEHUSI BPEMEHU K JaHHbIM Ha Puc. 2.
CPD ynosnetBopsitoT pyHKIMHU P(f), onpeneneHHon
BbIIIIE B Y. 2, U JIydlline napaMeTpsl AaHbl B Tao-
muue 1. Boobie rosopst, 3¢ et ucrpapneHus s
pacTsLKEHUs BpEMEHHU COCTOUT B TOM, YTOOBI T1€-
PEMECTUTH KaXKAYI0 KPUBYIO K O0jiee KOPOTKUM
MaciTabaM BpeMEHH ¢ IOMOIIBI0 MHOKHTEIIS
(1+<z>), roe <z> - cpeaHee 3HaYECHUE KPACHOTO
CMeleHHs 00BEKTOB B MHTEPBaJIaX 3BE3/IHBIX Be-
anuuH. ViMeetcs 3aMeTHbIN pocT pazdpoca B JaH-
HBIX TIOCJIE TOTO, KaK OHH OBUIM UCTIPABJICHBI JIs
pacTsLKEHUS BpEMEHH, HO HE N3MEHEHA MaKCH-
MaJIbHas TNIOTHOCTh dHEPruu. YToObI KOIUYecT-
BEHHO OIPEJIENIUTh JIF000€ U3MEHEHNE B MacLITade
BpPEMEHMU I10CJIE€ UCIIPABIICHUS I PaCTSKEHUS
BPEMEHH, MBI OIIPEEIISAEM CIIPABOYHOE BPEMS fyef
KaK MaciTadb BpeMeHH, IPU KOTOPOM PETUCTpaLUs
log(P(f)) =-2.4. 3nauenus ¢,.r Taxxe nansl B Tao-
qune 1.

4.2 Measurements of time dilation

4.2 U3mepeHusi pacTsiskeHUs1 BpeMEeHH

One of the difficulties in looking for cor-
relations in the properties of quasars is the
well known degeneracy between redshift
and luminosity in magnitude limited sam-
ples. The degeneracy takes the form of a
correlation between red shift and luminos-
ity such that in most available samples the
higher red shift members tend to be the
more luminous. Thus if we are looking for
a correlation between red shift and time-
scale, as in time dilation, we must be
careful that we do not actually measure a
correlation between luminosity and time-
scale. We have shown in Section 3 above
that for the samples of quasars under con-
sideration here, we find an anti-correlation
between quasar luminosity and Fourier
power density. This in itself would not

OnHOM W3 TPYIHOCTEW B TOMCKE KOPPEISIIUI B
CBOMCTBaxX KBa3apoB SBJISETCS U3BECTHAS H30Mpa-
TEIHLHOCTH MEXTy KPACHBIM CMEIICHUEM U CBETH-
MOCTBIO B BRIOOPKAX C OTpaHUYCHHEM Ha 3BE3/IHYIO
BenuuuHy. M30upaTenbHOCTh IPUHUMAET (popmy
KOPPEJISLIMHI MEX/1y KPAaCHBIM CMEIICHUEM U CBe-
TUMOCTBIO TaKUM 00pa3oM, 4TO B OOJIBIIMHCTBE
JOCTYIHBIX IPUMEPOB YUYACTHUKHU C OOIBITUMU
KPaCHBIMU CMEIIEHUSMH UMEJIH TeHICHIIUIO UMETh
OOJBIIYIO0 CBETUMOCTD. TakuM 00pa3oM, €CIIi MbI
UIIEM KOPPEISAIIAI0 MEXITY KPACHBIM CMEIICHUEM U
MacmTaboM BpeMeHH, KaK MPH PacTsKeHUU Bpe-
MEHH, MBI JIOJDKHBI OBITh OCTOPOKHBIMH, TaK KaK
(haKTUYECKU MBI HE U3MEPSIEM KOPPETSIUI0 MEXKTY
CBETUMOCTBIO M MacIITaboM BpeMeH!. MbI 1moka-
3anu BeIIe B Paznene 3, 4To ass BEIOOPOK KBa3a-
POB, PACCMOTPEHHBIX 3/1€Ch, Mbl HAXOJIUM aHTH-
KOPPEJISILIHIO MEXAY CBETUMOCTBIO KBa3apa 1
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necessarily be a problem, but the SEDs also
show a correlation between luminosity and
the rate at which short timescale power
density declines. Given the correlation
between redshift and luminosity, such an
effect could be confusing in a search for a
correlation between red shift and timescale
as expected for time dilation.

IJIOTHOCTHIO 3HEepruu Dypbe. IT0 cam 1o cede He
o0s13aTesbHO ObLT0 ObI TpobsiemMoit, Ho CPD Taxxke
MOKa3bIBAIOT KOPPEIISAIHIO MEXKTy CBETUMOCTBIO H
TEMIIOM, C KOTOPbIM YMEHBIIAETCS IJIOTHOCTh
SHEPI'UH Ha MAJIBIX MaCIITa0ax BPEMEHHU. Y UNTHIBas
KOPPEJSLUI0 MEKAY KPACHBIM CMEILIEHHEM U CBE-
TUMOCTbI0, TaKOH 3P(HEKT MOT ObITh 3aIyThIBAIO-
UM B TIOUCKE KOPPEJSLUU MEXKIY KPACHBIM CMe-
[ICHWEM M [IKAJIOW BPEMEHH, KaK 0)KHIAJIOCh IS
pacTsHKeHHs BPEMEHHU.

6 M. R. S. Hawkins

6 M. P. C. Xoykunc

Observer Frame 2z < 1.0

Log (P.F)
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Figure 4. The left and right hand panel
show SEDs of light curves in the observer
frame for low and high redshift samples of
quasars respectively. The symbols and
solid line are as for the left hand panel of
Fig. 2.

Puc. 4. JIeBas u mpaBasi 4aCTH TOKa3bIBAIOT CBE-
TOBbIE KPUBBIE B CUCTEME OTCUETA HAOIIOJATENs
JUTSI BBIOOPOK KBa3apoB ¢ MAJIBIM M OOJIBIITIM
KpPaCHBIM CMEIICHHEM COOTBETCTBEHHO. CUMBOJIBI U
TBepJas TUHUS, O3HAYAIOT TO XKE, YTO U Ha JICBOU
yactu Puc. 2.
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Figure 5. The left hand panel shows the
superposition of the SEDs for low and high
redshift samples of light curves from Fig. 2.
The right hand panel shows SEDs of the
same light curves in the quasar frame, with
a correction for time dilation applied.

Puc. 5. JleBas 4acTh I10OKa3bIBAECT CYIEPIIO3ULIMIO
CPD s BBIOOPOK CBETOBBIX KPUBBIX C MaJIbIM U
OoJbLIMM KpacHbIM cMelienueM Ha Puc. 2. [lpaBas
4acThb [0Ka3bIBaeT cymnepnozunuto CPD mid tex xe
CaMbIX CBETOBBIX KPUBBIX B CHCTEME OTCUETA KBa-
3apoB, C MPUMEHEHUEM UCTIPABIICHUS JIJISl pacTsi-
KEHHs BPEMEHHU.

To minimise any such effect the absolute
magnitude range of quasars was restricted
to the band -25.5 < Mg < -22.5, which is
sufficiently small that no correlation of
amplitude with luminosity is detectable.
This also has the effect of reducing any
contamination from host galaxy light to a
negligible level.

UTtoOBI MUHUMHU3HPOBATH JTH000# Takoi 3P deKT,
JMara30H a0COMIOTHOM 3BE3THON BEJTMYMUHBI KBa-
3apoB ObLT OTpaHUYeH 30HOM -25.5 <Mp <-22.5,
KOTOpasi SBJSETCS TIOCTATOYHO MAJIOH, YTO HUKAKas
KOPPEJSIHs aMILUTUTY Il CO CBETUMOCTBIO HE 00-
HapyXuMa. DT0 Takxke uMeeT 3P(PEKT COKpaIeHHs
JI0 HE3HAYUTEILHOTO YPOBHSI IIOOOTO 3arpsi3HEeHUs
CBETOM XO35IMCKOMN TATAKTHUKHU.

In order to measure the effects of time di-
lation we split the quasar light curves into
low and high redshift samples. The idea
was to compare the resulting SEDs to look
for the expected shift of the high red shift
sample towards longer timescales relative
to the low redshift sample. Fig. 4 shows the
low and high redshift SEDs separately, and
it can be seen that in spite of the restriction
in luminosity the SEDs are well defined,
with excellent agreement between the dif-
ferent datasets where they overlap. The
data are well fitted by the function P(f) in
Eqg. 2, and the fit parameters of interest are
given in Table 1.

Uto0b1 m3MepuTh 3G(HEKTHI paCTIKEHUS BPEMEHH,
MBI pa3zieisieM CBETOBbIE KPUBBIE KBA3apOB C Ma-
JIBIM ¥ OOJIBIIIMM KpPacHBIM CMEIIICHUEM Ha pa3HbIe
BBIOOPKU. M test cocTosia B CpaBHEHUH MTOJTyJaro-
muxcst CPD, 4ToObI HCKATh 0KUIAEMBIN CIBUT K
JUTMHHBIM MaciTabaM BpeMEHH Y BEIOOPKH ¢
OOJIBIITUM KPACHBIM CMEIIEHUEM OTHOCHTEILHO
BBEIOOPKH C MaJIbIM KpacHBIM cMelieHrneM. Puc. 4
noka3eiBaeT CPD ¢ ManbiM 1 OOJBIITUM KpacHBIM
CMEIICHUEM OTJICNIbHO, 1 MOJKHO 3aMETHTh, UTO,
HECMOTpsI Ha OrpaHrueHue B ceeTuMoctu, CPD
XOpOIIIO OMPEIETIEHBI, C TPEBOCXOIHBIM COTJIACHEM
MEXIy pa3IMYHBIMU HaOOpaMu JaHHBIX, TJIe OHU
HaKJIaJIbIBalOTCs. JJlaHHBIE XOPOIIIO COOTBETCTBYIOT
¢ moMotbio QyHkuu P(f) B Yp. 2, u moaxoasiime
napaMmeTpsl nHTepeca Aanbl B Tabnuue 1.
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Fig. 5 shows the effect of correcting the
SEDs in Fig. 4 for time dilation. The left
hand panel shows the two SEDs in the ob-
server frame superimposed to show any
shift in timescale. The right hand panel
shows the same data with the correction for
time dilation applied. It is immediately
clear that in the observer frame the two
SEDs are very closely matched, with tye =
2.2 years in both cases. However, in the
quasar frame there is a marked difference,
the high red shift quasars being preferen-
tially shifted to shorter timescales. It will be
noticed that the maximum power density of
both high and low redshift SEDs is the
same in the quasar and observer frames,
implying that the shift in the position of the
SEDs is in timescale. The ratio of the val-
ues of tre; for the high and low red shift
samples is almost exactly equal to the ratio
of the values for (1+<z>), implying that
the effect of correcting for time dilation has
been to move the SEDs to shorter time-
scales by a factor of (1+<z>), with no
other obvious change.

Puc. 5 mokassiBaer 3pdext koppektupoBku CPD Ha
Puc. 4 npu yuére pactskenus Bpemenu. Jlepas
yacTh pUCYHKa nokasbiBaeT aBa CPO B cucteme
oTcuéra HabJto1aTeNs, HAHECEHHOM, 4TOOBI OKa-
3aTh JII000€ U3MEHEHNE B MAaCIITa0e BPEMEHH.
IIpaBas yacTh pUCyHKa IIOKa3bIBACT TE )KE CaAMBbIE
JTaHHbIE C IPUMEHEHHEM UCIIPaBJICHUS JUIs pacTsi-
xeHus Bpemenu. Cpasy sacHo, uro B CO Habmona-
tenst nBa CPD oueHb OJIM3KO HOAXOIAT, C tref = 2.2
roga B o0oux ciyyasx. Onnako, B CO kBazapa ecTb
OTMEUYEHHasi pa3HOCTbh, KBa3aphbl ¢ OOJIBIIUM Kpac-
HBIM CMEILIEHUEM NIPEATIOYTUTEIBHO IIEPEMEILIEHBI K
0osee KOpoTKUM MaciTabaM BpemeHu. Cregyer
OTMETUTH, YTO MAKCUMaJIbHAsI MOILIHAS IUIOTHOCTh
sHeprun y CPD u ¢ 607bIIMM U C MaJIBIM KPACHBIM
cMmelleHreM — onuHakosas B CO u kBa3apa, U Ha-
OJros1aTeNs, noipa3yMeBasi, YTo U3MEHEHUE B I10-
noxenun CPD naxonutes B Maciitabe BpeMeHHU.
OTtHomIeHHEe 3HAYCHUH lref JUTSI BRIOOPOK C OOJIBIIINM
U C MaJIbIM KPaCHBIM CMEILIEHUEM ITI0YTH TOUHO
PaBHO OTHOLIEHUIO 3TUX 3HAUeHU s (1+<z>),
nojpasymenasi, 4To 3¢ppext ucnpanieHus A pac-
TSOKEHHSI BPEMEHU COCTOSUT B TOM, YTOOBI IIEpe-
Mectuth CPO B Oosiee KOPOTKUil MaciTab BpeMeH!
C MIOMOILIBIO MHOXHUTENS (1+<7>), 6€3 HuKaKkoro
JPYTroro O4€BUJHOTO U3MEHEHHUS.

5 INTERPRETATION OF RESULTS

S UHTEPHPETAIUA PE3YJbBTATOB

The results of Section 4 provide strong
evidence that the effects of time dilation are
not seen in quasar light curves. This clearly
runs against expectations based on a con-
ventional cosmological viewpoint, and so
in this section we examine ways in which
the results may be understood.

PesynbraTel Pa3nena 4 obecnieunBatot yoenu-
TeJbHBIC JI0KA3aTENbCTBA, YTO IP(HEKTHI pacTsiKe-
HUS BpPEMEHHU He HaOJII0/Iat0TCSl B CBETOBBIX KPUBBIX
KBa3apoB. JTO ACHO UJIET MPOTUB OKHUIAHUH, OC-
HOBAHHBIX HA OOBIYHON KOCMOJIOTHYECKOM TOYKE
3peHHUsl, U TAKUM 00pa3oM B 3ToM Paznene mMbl uc-
cleyeM MyTH, KOTOPBIMH MOTYT OBITh MOHSITHI
pe3yJIbTaThl.

5.1 Black hole growth

5.1 PocTt yepHOii abIPbI

Perhaps the most straightforward way of
explaining the absence of the effects of
time dilation in quasar light curves is to
postulate an increase in timescale of varia-
tion associated with the growth of the cen-
tral supermassive black hole of the AGN.
Thus higher red shift quasars would contain
less massive black holes which would vary
more quickly in such a way as to offset the
effects of time dilation. The problem with
this picture is that there is a well-supported
correlation between black hole mass and

Bo3moxHO, cambiil IpsiMO#i crioco6 00BsICHEHUS
OTCYTCTBHS 3(PPEKTOB pacTsKEHHsI BpEMEHU B
CBETOBBIX KPUBBIX KBa3apa COCTOUT B TOM, YTOOBI
MOCTYJIMPOBATh YBEJIMUEHUE B MaciiTaba BpeMeHU
BApHUALIUH, CBSI3aHHOM C POCTOM LICHTPAJILHON
cBepxMaccuBHOM uepHoit abipbl Al'Sl. Takum 00-
pa3oM, KBazaphl ¢ OOJIBIIUMHU KPACHBIMHU CMeEIIIe-
HUSIMU coJiepKaiu Obl MEHEe MacCUBHbBIE YEPHBIE
JBIPBI, KOTOPBIE U3MEHAI0TCS 6oJiee ObICTPO U Ta-
KHM CIIOCOOOM, 4TO KakK Obl MmoramaroT 3pQeKTs
pactsbkeHus Bpemenu. [IpoGiiema ¢ 3Toit kKapTHHOM
COCTOMT B TOM, YTO YK€ €CTh XOPOIIIO OATBEP-
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luminosity based on reverberation mapping
(Kaspi et al. 2000). This means that, given
the restricted magnitude range of our sam-
ple, there can be little difference in the av-
erage black hole mass of the high and low
red shift samples. Even if we ignore the
restriction on luminosity, it would be dif-
ficult to cancel out time dilation effects by
assuming an increasing luminosity with red
shift as it is clear from Fig. 3 that the whole
shape of the SED changes with luminosity,
especially the power law index to shorter
timescales. This is not what is seen in Fig.
5, where the shape of the SEDs does not
change between high and low red shift
samples.

KAEHHAS KOPPEALUs MEXKAY MAaCCOM YEPHOU JBIPHI
U CBETUMOCTBIO, OCHOBAHHAs Ha OTOOpa)KEHUH pe-
BepOeparuu (Kacrmu(Kaspi) u qp. 2000). 9T0 03-
HA4aeT, 4TO, YYUTHIBAsI OTPAHUUYEHHBIN JUaNa3oH
3BE3/IHBIX BEJIMYMH HAIIeH BEIOOPKH, MOXKET OBITH
HeOoulblIast pa3HULA B CpeHEN Macce YEPHbIX AbIP
BBIOOPOK € OOJIBIINM U C MaJIBIM KPACHBIM CMe€-
meHueM. Jlaxke eciau Ob1 Mbl HTHOPHPYEM OTPaHU-
YeHHE Ha PKOCTb, ObLIO OBl TPYAHO YPAaBHOBECHUTD
3¢ GEeKThl PaCTHKEHUS BpEMEHH, TpeAroiaras
YBEJIMUMBAIOILYIOCS CBETUMOCTh C POCTOM Kpac-
HOT'O CMEILEHUs, IOCKONIbKY U3 Puc. 3 scHO, uTO B
enom ¢popma CPD u3MeHseTcsi BMECTe CO CBETH-
MOCTBIO, OCOOCHHO MTOKa3aTesb CTEIEHHOTO 3aKOHA,
K 0oJiee KOpOTKOMY MaciTaby BpeMeHu. DTO He To,
yto BUJHO Ha Puc. 5, rae popma CPD He n3mens-
€TCSl MEXy BIOOpKaMH C OOJIBIITNUM U C MAJIBIM
KpPacHbIM CMELICHUEM.

On time dilation in quasar light curves 7

110 no6ody pacmsdicenus 6pemeHU 8 C8eMOBbIX
KPUBbIX K8A3APO8 7

5.2 Microlensing

5.2 MuUKpOJIHH3UPOBaHHE

Another possibility for explaining the ab-
sence of time dilation effects in quasar light
curves is that the variations do not predo-
minantly originate in the quasars, but along
the line of sight at low redshift. The most
plausible mechanism for this is micro-
lensing of the quasars by a population of
stellar mass bodies (Hawkins 2007), where
the most probable red shift for the lenses is
z~ 0.5 (Turner et al. 1984). Although such
microlensing is unambiguously seen in
multiple images of gravitationally lensed
systems (Pelt et al. 1998), there are two
main difficulties with this approach.
Firstly, although the observed variations
agree well with model predictions from
microlensing simulations, it is difficult to
rule out the possibility of intrinsic varia-
tions. Secondly, it appears that the rate of
detection of compact bodies in the Galactic
halo by the MACHO project (Alcock et al.
1997) is incompatible with the population
required to produce the observed variation
in the quasar light curves.

Jpyrast BO3SMOXXHOCTB JIJIsI TOTO, YTOOBI OOBSICHUTH
otcyTcTBHE () (PEKTOB pacTsHKEHUS BPEMEHH B
CBETOBBIX KPHUBBIX KBA3aPOB COCTOUT B TOM, YTO B
OCHOBHOM, BapHuaIlly MPOUCXOIAT HE B KBazapax, a
BJIOJTb JIy4a 0030pa B HU3KOM KPaCHOM CMEIIICHHH.
Campblii BEpOSTHBIN MEXaHU3M IS 3TOTO - MUKPO-
JIMH3UPOBAHKUE KBA3apOB HACEJICHUEM TEJ C MacCOU
3Be3n (XoykuHc 2007), TIe caMoe BEpOsITHOE
KpacHoe cMelnieHue 1 nuH3 - z ~ 0.5 (Tépuep
(Turner) u ap. 1984). XoTs Takoe MUKPOJIHMH3UPO-
BaHNE HECOMHEHHO HAOIIOIaeTCS BO MHOXKECT-
BEHHBIX U300paKEHUSIX TPABUTAI[MOHHO JIMH30BBIX
cucteM (ITent (Pelt) u ap. 1998), ecThb ABE TIIaBHBIX
TPYJAHOCTH C 3TUM HOJIX0J0M. Bo-iepBbIX, XOTS
Ha0JI0/1aeMbIe BapUAITUH XOPOIIIO COTJIACYIOTCS C
MpeiCKa3aHUsIMHU OT MOJEIUPOBAHUI MUKPOJIUH-
3UpPOBaHMUS, TPYAHO UCKIFOUUTH BO3MOKHOCTh
CBOMCTBEHHBIX BapHaluii. Bo-BTOpPbIX, BBISCHIETCS,
9TO HOpMa OOHApPYKEHHUSI KOMITAKTHBIX Te B ['a-
naktraeckom rajo npoekrom MACHO (Alcock n
ap. 1997) HecoBMecTuMa ¢ HaceJIeHHEM, TpeOye-
MBIM JUJIsl IPOBEICHUS HA0II01aeMOi Bapualuu B
CBETOBBIX KPHUBBIX KBa3apOB.

5.3 Static universe

5.3 CtaTnueckas BceJIeHHAA

The well known dilemma that Einstein was
faced with when he realised that his equa-

W3BecTHas quineMma, ¢ KOTOPOH CTOJIKHYJICA DWH-
LITEWH, KOTJ1a OH MOHSUI, YTO €0 YPaBHEHHUS MO~
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tions implied an expanding universe is still
perhaps the best reason for believing that
the universe is not static, given the success
of general relativity in explaining cosmo-
logical observations. There is however
surprisingly little direct evidence that the
Universe is expanding. As mentioned in
Section 1, searches for time dilation in
gamma-ray bursts do not provide a con-
clusive test. Supernova light curves on the
other hand appear to show convincing
evidence of time dilation (Foley et al.
2005), which would rule out a
non-expanding universe as an explanation
for the results presented here for quasar
light curves. Although this result has been
challenged in an interesting paper by
(Crawford 2009) on the basis of bias in the
sampling procedure, it seems fair to say
that the result is still generally accepted.

paszyMeBaIl pacIIUpsIOLIYIOCs BCEIEHHYO0, SABIIS-
€Tcsl BCe elle BO3MOXKHO JyYIllel MPUUUHON A1
TOT0, YTOOBI TIOJIaraTh, 9TO BCEJICHHAS HE CTAaTHYHA,
YUUTBIBas ycrex oOIiel TeOpuu OTHOCUTENbHOCTH
B 00BSICHEHUH KOCMOJIOTMYECKUX HAOII0CHUI.
EcTb 0/1HaKO yAMBUTEIIBHO MAJIEHBKOE MPSIMOE
CBHJIETEILCTBO, 4TO Beenennas pacumpsiercs. Kak
ynomsiHyTo B Pa3nene 1, moucku pactsxeHus Bpe-
MEHH BO B3pbIBaX raMMa Jiyda He 00eCTIeUnBaIOT
pematoriero Tecta. CBeToBble KpuBble CBEpXHO-
BBIX, C APYTOi CTOPOHBI, KAXKETCS, MOKA3bIBAIOT
yOeauTenbHOe JOKa3aTeabCTBO PACTSKEHHS Bpe-
Menu (®omu(Foley) u np. 2005), KOTOpHIN UCKITIO-
yui1 Obl HepacHupstolytocs Beenennyro kak 00b-
SICHEHHE Pe3yJIbTaTOB, PEJCTABICHHBIX 37€Ch IS
KPUBBIX CBETa KBa3apa. XOTs 3TOMY pe3yJIbTaTy
Opocuiu BeI30B B UHTepecHOM cTatbe (Kpoydopn
(Crawford) 2009) Ha ocHOBE CMEIICHHUS B TIPOILIC-
Jype OCYIIECTBICHUS BBIOOPKH, KaXKETCS CIpa-
BE/UIUBBIM CKa3aTh, YTO PE3yJIbTAT ABJISAETCS BCE
1€ OOEIPUHSATHIM.

5.4 Quasar distances

5.4 PaccTosinusi 10 KBa3apoB

For completeness we should add that a
possible explanation for the apparent lack
of time dilation effects in quasar light
curves is that quasars are not at the cos-
mological distances implied by their red-
shifts. This idea has been energetically
pursued by examining apparent associa-
tions of quasars with relatively nearby ga-
laxies or clusters (Arp &Russell 2001), but
the large body of observations of quasar
host galaxies seems to rule out the possi-
bility that quasars are nearby, and that as a
result time dilation would be negligible.

J11s1 3aKOHUYEHHOCTH MBI JJOJKHBI J0OABUTh, YTO
BO3MOKHOE OOBSICHEHHE OUEBUIHON HEXBATKH

3¢ HEKTOB pacTAkKEHNUs BPEMEHHU B CBETOBBIX KpH-
BBIX KBa3apOB COCTOUT B TOM, YTO KBa3aphbl HAXO-
ISITCA HE Ha KOCMOJIOTHYECKUX PACCTOSIHUAX, MOJI-
pa3yMeBaeMbIX X KpPAaCHBIMHU CMEIICHUSMH. JTa
uzes YHEPrUYHO KCCie10Balach MPU N3yUYEeHUH
OUYEBU/IHBIX aCCOIMAIINI KBAa3apOB C OTHOCUTEIBHO
COCEJIHMMHU raJlaKTUKaMU WM Kiactepamu (Apn &
Paccen(Arp&Russell) 2001), Ho 6ombI110# 00BEM
HaOJI0ACHNH 32 X035 HCKUMHU TaJaKTUKaMU KBa3apa,
Ka)KeTCsl, UCKJIF0UaeT BO3MOKHOCTb, YTO KBa3apbl
SBJISIOTCS OJIM3KUMM, U YTO B pe3yJIbTaTe pacTs-
YKEHHE BPEMEHU ObUIO Obl HE3HAUYUTEIBHO.

8 M. R. S. Hawkins

8 M. P. C. Xoykunc

6 DISCUSSION

6 OBCY KJIEHUS

Taken at face value, the observations de-
scribed above can only be explained by at
least a small departure from the conven-
tional cosmological view, and perhaps a
large one. It is therefore worth reviewing
the security of the observational results to
be sure that they are robust. We need to
check that the data are showing a consistent
picture. We first note that the Field 287 and
MACHO data are completely independent

B3siThle 0 HOMHMHANY, ONMCaHHBIE BBIIIE HAOIIO-
JI€HUSI MOTYT TOJIbKO OBITh OOBSICHEHBI 110 KpailHei
Mepe MaJIbIM OTKJIOHEHHEM OT OOBIYHOTO KOCMO-
JIOTUYECKOTO MPEICTaBICHHUS, @ BO3MOXKHO -
6onpuM. [103TOMY CTOUT MOBTOPHO PacCMOTPETh
HaJEXKHOCTh HAOJI0JaTeNIbHBIX PE3yIbTaTOB, YTOOBI
yOeaUThCs, YTO OHU SIBJIAIOTCS YCTOWYMBBIMU. MBI
JOJKHBI IPOBEPUTD, UTO JIaHHBIE TOKa3bIBAIOT
COBMECTUMYIO KapTHHY. MBI CHauajga OTMEYaeM,
gyto O6nacte 287 u nanneie npoekta MACHO
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of each other in that they contain different
sets of quasars selected according to dif-
ferent criteria in different areas of sky. The
photometric monitoring was carried out
using completely different techniques with
different error distributions, and yet for all
the SEDs presented above, in the area of
overlap the agreement between the two
datasets is excellent. The implication of
this is that the shape of the SEDs represents
a true signal, and is not dominated by sys-
tematic effects.

MTOJIHOCTHIO HE3aBUCUMBI JIPYT OT IpyTra B TOM, UTO
OHHU COJIep>KaT pa3IMyHbIe HAOOPHI KBa3apoB, BbI-
OpaHHBIX COTJIACHO PA3IUYHBIM KPUTEPHUSIM B pa3-
JTUYHBIX 00MacTsaX Heba. bbut BeimonHeH GpoTomeT-
PUYECKUIT MOHUTOPHUHT, UCTIOIB3YS TIOJTHOCTHIO
pa3IUYHbIE METO/BI C PA3TUYHBIMH OIMIHOKAMH
pacripeaeneHuid, u Bce xe g Bcex CPO, mpen-
CTaBJICHHBIX BBIIIIE, B 00JACTH HAJIOXKCHHMS, COTJIa-
IICHUE MEXIy dTHMH JBYMS HA0OpaMu JaHHBIX
MIPEBOCXO/IHO. 3HAYEHHUE 3TOTO B TOM, UTO (hopma
CPD mpeacTaBisieT HICTUHHBIA CUTHAJ, HE TTOaB-
JISIEMBIN CUCTEMaTHYeCKUMU A (heKTaMu.

In the right hand panel of Fig. 2 the only
difference between the three SEDs is the
quasar luminosity, and yet a clear progres-
sion in slope of the power law index at
short timescales is evident, implying a real
and measurable change in the nature of the
variability, and not an artefact of the anal-
ysis procedure. This provides sound sup-
port for believing that the close similarity
of the high and low red shift SEDs in Fig. 5
represents indistinguishable patterns of
variability, unaffected by any time dilation
effect, and not a spurious agreement.

B npaBoii vactu Puc. 2 enMHCTBEHHAs pa3HUILA
Mexay TpeMs CPO - cBeTuMOCTb KBazapa, U BCE XKe
sICHas MIporpeccus B MaJICHUU MOKa3aTesl CTerNeH-
HOTO 3aKOHa B KOPOTKOM MaciiTabe BpeMEHH O4e-
BUJIHA, TTOJpa3yMeBas peajlbHOe U U3MEPUMOE U3-
MEHEHUE B MPUPOJIC BapUalliy, a HE caM (PakT
MPOLEAYPhI aHAIH3a. DTO OKa3bIBaE€T HOPMAJIbHYIO
MOJIEPKKY IS IPEIITONIOKEHUS, 9TO OJIM3KOe
cxozictBo CPD Ha G0JBIINX M MAJIBIX KPACHBIX
CMelIeHusAX Ha Puc. 5 npeacrasisieT Hepa3auduMsble
o0pasipl Bapualyii, He3aTpOHYThIE JTFOOBIM (-
(heKTOM pacTsKECHHsI BpEMEHU; U HE SIBIIICTCS
JIO’KHBIM COTJIAIIICHUEM.

If it is accepted that time dilation is not seen
in quasar light curves, then some departure
from conventional cosmology is necessary
to explain it. Of the possibilities listed in
Section 5, there seems to be overwhelming
evidence that quasars are at the cosmolog-
ical distances indicated by their redshifts,
and the challenge to the time dilation found
in supernovae light curves has yet to be
convincingly established. If we therefore
assume that we live in an expanding un-
iverse, we have two possibilities. If the
variations are due to microlensing then the
conclusions of the MACHO project would
have to be modified, presumably by a
reassessment of the shape of the Galactic
halo, and the expected dark matter content.
If the effects of time dilation are offset by
an increase of timescale of variation with
cosmological time, then a mechanism must
be found which does not alter the shape of
the SED, or involve a correlation of black
hole mass with luminosity.

Ecau npusnano, 4To pacTs>KeHUe BpEMEHH HE 3a-
MEYEeHO B KPUBBIX CBETa KBazapa, TO HEOOXO0AUMO
OOBSICHUTH 9TO HEKOTOPOE OTKIIOHEHUE OT OOBIYHON
kocMmonoruu. Cpenr BO3MOXKHOCTEH, epeyuc-
neHHbIX B Pa3nene 5, moxose, eCTh MOAABIISIOLIEE
CBUJETENHCTBO, YTO KBa3aphl HAXOAATCS HA KOC-
MOJIOTHYECKUX PACCTOSTHUSAX, 0003HAUYECHHBIX MX
KpacHBIMU CMEIICHUSIMH, U BBI30B PACTSHKEHUIO
BPEMEHHU, HaliJICHHOMY B KPUBBIX cBeTa CBEpXHO-
BBIX, JIOJDKEH BCe K€ OBITh yOeTUTENIbHO YCTaHOB-
neH. [ToatoMy, eciiu MBI TIpeinonaaraem, 4To Mbl
JKMBEM B paciupsrouiericss BeenenHoit, To y Hac
€CTh JIB€ BO3MOXXHOCTH. Ecnu Bapuaiuu mpoucxo-
JST U3-32 MUKPOJIMH3UPOBAHUS, TOT/1a BHIBOJIBI
npoektra MACHO nomxsb! ObUTH OBI OBITH U3MeE-
HEHBI, TO-BUJIMMOMY TIepeolieHKOM Gopmbl ["anak-
TUYECKOTO OPEO0JIa, U OKHUAAEMBIM COJEPKAHUEM
TeMHOM Matepun. Ecnu 3¢ dekTh pacTskeHus
BPEMEHU KOMIIEHCUPOBAHbBI YBEIMYECHUEM Mac-
mraba BpeMeHH BapuaIii ¢ KOCMOJIOTUYECKUM
BpEMEHEM, TO JIOJDKEH ObITh HalJIeH MEXaHU3M,
KOTOpHI He u3MeHseT hopmy CPD, wnu BoBiekaeT
KOPPEJISIIHIO MACChl YePHOU BIPHI C €€ CBETUMO-
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CTBIO.

7 CONCLUSIONS

7 BBIBO/IbI

In this paper we have used Fourier power
spectrum analysis of over 800 quasar light
curves to measure timescales of variation at
different redshifts. The expected effects of
time dilation are absent, the SEDs at high
and low redshift being essentially identical.
There seems to be no explanation for this
within the conventional cosmological
framework, and so various other possibili-
ties are considered. These include the idea
that the effects of time dilation are exactly
offset by an increase in timescale of varia-
tion associated with black hole growth.
Alternatively, the observed variations
could be caused by microlensing, in which
case time dilation would not be expected.

B 3T0i#1 cTaThe MBI HCTOB30BAIN SHEPTETUUECKUI
CIeKTpasbHbIi aHan3 Oypbe CBETOBBIX KPUBBIX
6omee yem 800 kBa3apoB, YTOOBI U3MEPUTH MaC-
mTad BpeMEHH BapuaIlii Ha Pa3IMYHbIX KPACHBIX
cmetieHusax. Oxungaembie 3QGEKThl pacTsHKEHUS
BpeMeHH OTCYTCTBYIOT, CPD /1i1st GONBIINX B MaJIbIX
KpPacCHBIX CMEILIEHUH SBJISIOTCS YpE3BbIYANHO
naeHTUYHbIMU. KaxkeTcs, HeT HUKakoro oObsicHe-
HUS 3TOMY B paMKax OOBIYHOM KOCMOJIOTUYECKOM
MOJIEIH, U [TI03TOMY PacCMOTPEHBI IpyTUe pas-
JUYHBIE BO3MOXKHOCTU. OHM BKJIIOYAIOT UJEIO, UTO
3¢ (}eKTHI pacTsKEHHUS BPEMEHU TOYHO KOMITCHCH-
POBaHbI YBEJIMYCHUEM LIKAJIbl BpEMEHH Bapualii,
CBSI3aHHOM C pocTOM uepHOU AbIpbl. C Apyroi
CTOPOHBI, Ha0JII0/1aeMble Bapyualluu MOTJIH OBITh
BBI3BaHbI MUKPOJIMH3UPOBAHUEM, TP KOTOPOM
pacTsbKeHHUE BpeMEeHH He OYJIeT 0)KHJIaThCsl.

ACKNOWLEDGEMENTS

BJIAT'OJAPHOCTH

I thank Alan Heavens for suggesting the
procedure for verifying the effectiveness of
the sampling correction.

51 Gnarogapen Anany XHUBEHCY 3a IPEJIOKEHUE
MPOLEAYPHI I TPOBEPKU 3 (HEKTUBHOCTHU HC-
IIPABJICHUS OCYIIECTBICHUS BBIOOPKH.

REFERENCES

CCBLIKHA

Alcock C. etal., 1997, ApJ, 486, 697

Alcock C. etal., 1997, ApJ, 486, 697

Alcock C. etal., 2001, ApJ, 550, L169

Alcock C. etal., 2001, ApJ, 550, L169

Arp H., & Russell, D. 2001, ApJ, 549, 802

Arp H., & Russell, D. 2001, ApJ, 549, 802

Chang, H.-Y. 2001, ApJ, 557, L85

Chang, H.-Y. 2001, ApJ, 557, L85

Crawford, D.F. 2009, arXiv:0901.4172

Crawford, D.F. 2009, arXiv:0901.4172

Cristiani, S., Trentini, S., La Franca, F.,
Aretxaga, I., Andreani, P., Vio, R., Gem-
mo, A. 1996, A&A, 306, 395

Cristiani, S., Trentini, S., La Franca, F., Aretxaga, .,
Andreani, P., Vio, R., Gemmo, A. 1996, A&A, 306,
395

Deng, M., & Schaefer, B.E. 1998, ApJ,
502, L109

Deng, M., & Schaefer, B.E. 1998, ApJ, 502, L109

Dobrzycki, A., Eyer, L., Stanek, K.Z.,
Macri, L.M. 2005, A&A, 442, 495

Dobrzycki, A., Eyer, L., Stanek, K.Z., Macri, L.M.
2005, A&A, 442, 495

Foley, R.J. et al. 2005, ApJ, 626, LII

Foley, R.J. et al. 2005, ApJ, 626, LII

Geha, M. et al. 2003, AJ, 125, 1

Geha, M. et al. 2003, AJ, 125, 1

Goldhaber, G. et al. 2001, ApJ, 558, 359

Goldhaber, G. et al. 2001, ApJ, 558, 359

Hawkins, M.R.S. 2000, A&AS, 143, 465

Hawkins, M.R.S. 2000, A&AS, 143, 465

Hawkins, M.R.S. 2007, A&A, 462, 581

Hawkins, M.R.S. 2007, A&A, 462, 581

Hook, I.M., McMahon, R.G., Boyle, B.J.,
Irwin, M.J. 1994, MNRAS, 268, 305

Hook, I.M., McMahon, R.G., Boyle, B.J., Irwin,
M.J. 1994, MNRAS, 268, 305

Kaspi, S., Smith, P.S., Netzer, H., Maoz,
D., Jannuzi, B.T., Giveon, U. 2000, ApJ,
533, 631

Kaspi, S., Smith, P.S., Netzer, H., Maoz, D., Jan-
nuzi, B.T., Giveon, U. 2000, ApJ, 533, 631

Pelt, J., Schild, R., Refsdal, S., Stabell, R.

Pelt, J., Schild, R., Refsdal, S., Stabell, R. 1998,

20



1998, A&A, 336, 829

A&A, 336, 829

Timmer, J., & Konig, M. 1995, A&A, 300, | Timmer, J., & Konig, M. 1995, A&A, 300, 707

707

Turner, E.L., Ostriker, J.P., Gott, J.R. 1984, | Turner, E.L., Ostriker, J.P., Gott, J.R. 1984, ApJ,

Apl, 284, 1

284, 1

http://redshift0.narod.ru/Rus/Stationary/References/No time dilation in quasar abs.htm

I'naBHas crpanuna . Eng

[Tocnennsist koppekius 26.01.2011 23:14:18

21


http://redshift0.narod.ru/Rus/Stationary/References/No_time_dilation_in_quasar_abs.htm
http://redshift0.narod.ru/index.html
http://redshift0.narod.ru/Eng/index_En.htm

