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Abstract

AHHOTAUA

We performed the Tolman surface-
brightness test for the expansion of the
universe using a large UV dataset of disk
galaxies in a wide range of redshifts (from
0.03 to 5.7). We combined data for low-z
galaxies from GALEX observations with
those for high-z objects from HST
UltraDeep Field images. Starting from the
data in publicly-available GALEX and
UDF catalogs, we created 6 samples of
galaxies with observations in a rest-frame
band centered at 141 nm and 5 with data
from one centered on 225 nm. These
bands correspond, respectively, to the
FUV and NUV bands of GALEX for
objects at z = 0.1. By maintaining the
same rest-frame wave-band of all
observations we greatly minimized the
effects of k-correction and filter
transformation. Since SB depends on the
absolute magnitude, all galaxy samples
were then matched for the absolute
magnitude range (-17.7 < M(AB) <-19.0)
and for mean absolute magnitude. We
performed homogeneous measurements of
the magnitude and half-light radius (HLR)
for all the galaxies in the 11 samples,
obtaining the median UV surface
brightness for each sample.

MbI BbINOJAHUIU TeCT ToIMeHa MOBEPXHOCTHOM
spkocTH (SB) Ha pacmmpenue BeeneHnot,
HCIIONB3Ys 00110 Hab0p Y® maHHBIX TUCKOBBIX
TaJIAKTUK B IIUPOKOM MHTEPBAJIE KPACHBIX
cmentenuit (ot 0.03 1o 5.7). Ml KOMOMHHPOBATH
JaHHbBIC JJIs1 OJIM3KUX TAIAKTUK OT HAOIOCHUIA
GALEX ¢ maHHBIMU U1 JAJIEKUX OOBEKTOB OT
UDF HST. HauaB ¢ qaHHBIX B ITyOJINIHO
noctynHbix katamorax GALEX 1 UDF, mbi
co31anu 6 BEHIOOPOK TaJIAKTHK B MOKOAIEHCS
CUCTEME OTCcueTa C HaOII0ICHUAMHU B JHara3oHe,
LEHTpUpOBaHHOM Ha 141 HM, U 5 ¢ TaHHBIMU OT
OJIHOM, LICHTPUPOBAHHOW HA 225 HM. DT
JHaIa30Hbl OTHOCATCS, COOTBETCTBEHHO, K FUV 1
NUV muanazonam GALEX it 00BEKTOB TIpH Z =
0.1. Coxpansist TOT e camblil 1Uana3oH BOJIH
HEMOJIBIYKHOM CHCTEMBI OTCUEeTa JIJIsl BCEX
HaOJII0ICHUH, MBI 3HAYUTEITFHO MUHUMU3HPOBAIIN
s dexTh K-koppekiuu u npeodpa3zoBaHus
¢unpTpoBanus. [Tockonbky SB 3aBucuT ot
a0COTIOTHOM 3B.BETMYHMHBI, BCE BHIOOPKU TaJlaKTUK
TOTJ[a COOTBETCTBOBAJIM HHTEPBATY a0COIFOTHOM
3B.BeMUHHBI (-17.7 <M(AB) <-19.0) u mis
cpenHelt abCoNMOTHOM 3B.BeTMYUHBI. MBI
BBITIOJTHIIIA OJTHOPOJHbBIE U3MEPEHUS 3B.BEJIMYUHBI
u paauyca nonyteMbl (HLR) aiis Bcex ranakTuk B
11 BeIOOpKaAX, MOMy4ast MeHaHHyO YD
MMOBEPXHOCTHYIO SPKOCTD ISl KaX0i BHIOOPKH.

We compared the data with two models: 1)
The LCDM expanding universe model
with the widely-accepted evolution of
galaxy size R=R( /H(z) and 2) a simple,
Euclidean, non-expanding (ENE) model
with the distance given by d=cz/H,. We
found that the ENE model was a
significantly better fit to the data than the
LCDM model with galaxy size evolution.
While the LCDM model provides a good
fit to the HUDF data alone, there isa 1.2

MBI cpaBHWIH JTaHHBIE C IBYMsI MOJIeTsIMU: 1)
MoJienb paciupsronieics Bceaennod LCDM ¢
HIUPOKO MPU3HAHHOM 3BOJIOLIUEH pa3zMepa
ramaktuk R=Ry Ho/H(z) u 2) npocras EBknugoBa
Hepacwupsitomascs (ENE) monens ¢ ypaBHeHnEM
pacctosinus d=cz/Hy. Mbl Hanuim, 4To MOAeNb
ENE 3HaunTenpHO Jiydile COOTBETCTBOBAJA
JITaHHBIM, 4eM Mozaeib LCDM c 3Bomonuei
pa3mepa rajakTuku. B To BpeMs kak MOJIEINb
LCDM xopouio cooTBETCTBYET TOJIBKO AAHHBIM
HUDF, ectb pazHocts 1.2 mag B SB,
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magnitude difference in the SB predicted
from the model for the GALEX data and
observations, a difference at least 5 times
larger than any statistical error. The ENE
provides a good fit to all the data except
the two points with z>4, and there are
inconsistencies in the GALEX
measurements when using this model.
Given the importance of any test of the
expansion of the universe, we intend to
check these preliminary results with
additional data.

MIPEACKAa3aHHOU B 3TOM MOJEIIHN JUIsl TaHHBIX
GALEX u HabmiofieHuH, IpryeM 3Ta pa3HOCTh, 110
KpaiiHeil mepe, B 5 pa3 Oousbliasi, ueM J1rooas
cratuctuyeckas omuoka. ENE xoporro
COOTBETCTBYET BCEM JAHHBIM, KPOME JABYX TOYEK C
Z> 4, 1 eCTb HECOOTBETCTBHS B U3MEPEHUAX
GALEX npu ucronb30BaHUH 3TOW MOJIETH.
Y4uThIBasg 3HAUUMOCTB JIFOOOTO TECTa PACHIUPEHHUS
Bcenennoli, Mpl HamMepeBaeMcCsl IPOBEPUTH ITH
IIPEIBAPUTEIILHBIE PE3YIILTATHI C
JIOTIOJIHUTEIbHBIMU JAHHBIMHU.

ACh_1. In formula R =R¢/H(z) on the
right and at the left there are different
dimensionalities. Possibly, formula
R=RoHo/H(z) was meant?

Author uses the distance equation
d=(c/Ho)z for all z: 0.1 <z <5.5 for static
model. But correctly the distance equation
in static model is d=(c/Ho)In(1+2). Author
considered that pairs of compared objects
in Tolman test are obliged to have strictly
equal characteristics, at least radiuses and
absolute luminosity. But at z=5 the second
equation gives a distance in 5/In(6)=2.8
times smaller than is considered in this
article. Accordingly, radiuses will be
gained others, in 2.8 times smaller, other
absolute luminosities and surface-
brightness, that is, samples of galaxies
comparing at z> 0.3 should differ
essentially from built samples in this
article. Taking into account the distance
formula, and also lack of the calculation of
scattering and light uptake in intergalactic
medium the critical counterargument is
gained in favour of LCDM supporters
about correctness of the deductions made
in the article.

AY_1. B dopmyne R =R¢/H(z) ctipaBa u cieBa
CTOAT pa3Hble pa3MepHOCTH. Bo3MOXkHO, uMenach B
Buny dpopmyna R=RoH/H(z)?

B cratbe A cTaTHueCKON MOJIENIH UCTIONB3YEeTCs
YpasHenune paccrosiaust d=(c¢/Hop)z, mst Beex z:
0.1<z<5.5. A nmpaBwibHOE YpaBHEHUE PACCTOSHUS
B cTtaTrdeckoi mojenu umeet Bua d=(c/Ho)ln(1+z),
ABTOp yUUTHIBAJI, UTO MMAPhl CPABHUBAEMBIX
00BeKTOB B TecTe TommeHa 0053aHbI UMETh CTPOTO
paBHBIE XapaKTEPUCTUKHU, KAK MUHUMYM, PaJINyChl
u abc.ceerumoctu. Ho BTropoe YpaBHeHue
paccTOsSIHUSA JaeT MPHU Z=5 pacCcTOsHUE B
5/In(6)=2.8 pa3a MeHbILIEE, YEM pacCMaTPUBACTCS B
cratbe. COOTBETCTBEHHO, MTOIy4YaTcs Apyrue, B 2.8
pas3a MeHbIINe, PaANYyChl, Ipyrue abCoMOTHbIE
CBETUMOCTH U JIpyTHe TIOBEPXHOCTHBIE IPKOCTHU, TO
€CTb, CPAaBHUBaeMbI€ BHIOOPKH rajlakTHK 1pH z>0.3
JOJKHBI CYHIECTBEHHO OTINYATHCA OT BHIOOPOK,
IIOCTPOECHHBIX B CTaTheE.

C yueroMm QopMyJIbl pacCTOSTHUS, a TAaK¥Ke
OTCYTCTBHS YUETA PACCESIHUSI U MOTJIOLIEHUS CBETA
B MEXTaJaKTUYECKON CpeJie TOTyYaeM OCTPbIT
KOHTPAapryMEHT B M0Jb3y cTOpoHHUKOB LCDM o
MIPaBWJIBHOCTH BBIBOJIOB, CAEJAHHBIX B CTATHE.

keywords{Galaxies: general , Cosmology:
general, Tolman test}

KJIIOUeBbIe cioBa {[ amakTuku: oOmIHii,
Kocmonorus: oo6mmii, Tect TonMena}

1. Introduction

1. BBenenue

As Tolman demonstrated (1930), any
expanding universe model predicts a
decrease in surface brightness (SB) of
identical objects by (z+1)*, where z is
redshift and where SB is measured in
bolometric units (VEGA-
magnitudes/arcsec” or erg/(sec cm’
arcsec?)) . One factor of (z+1) is due to the

Kak nokazan Tonmen (1930), mrobas Mmonens
pacmupsromencs BeenenHoil mpeacka3biBaeT
YMEHBILIEHNE TTOBEPXHOCTHOU sIpKOCTH (SB)
HICHTHYHBIX 00beKTOB B (z+1)” pas, rie z -
KpacHoe cMelieHue u riae SB u3Mepena B
oomometpruueckux enuuunax (VEGA-magnitudes/
arcsec’ WK erg/(sec cm? arcsec?)). Oua
MHOXUTENb (z+1) mosiBnsieTcs u3-3a




time-dilation factor (decrease in photons
per unit time), one factor is from the
decrease in energy carried by each photon,
while two additional factors of (z+1) are
due to the object being closer to us by a
factor of (z+1) at the time the light was
emitted and thus having a larger angular
size. (If AB magnitudes or flux/Hz units
are used, the dimming is by a factor of
(z+1)*, while for ST magnitude or flux per
nm units, the dimming is by a factor of
(z+1)’. The dimming is the same for all
expanding universe geometries,
independent of the specific parameters of
the cosmological model.

KO3 pUIHEeHTa pacTsHKEHNUS BPEMEHU
(ymeHblIeHHE YHcaa (POTOHOB 32 €AUHUILY
BPEMEHH), OJIUH MHOXKHUTEIIb - U3-32 YMEHbBIICHUS
SHEpI'u, KOTOPYIO HeCeT KaXablil pOoTOH, B TO
BpeMs KaK J1Ba JOIMOJIHUTENbHBIX MHOXKUTENS (Zz+1)
- M3-3a TOTO, 4TO 00BEKT ObLT OJTMKe K HaM B (z+1)
pa3 B MOMEHT U3JIyYEHUs CBETa, U, TAKUM 00pa3oM,
umelt 60nbLMi yrioBoii pasmep. (Eciu
HCIMOJIb30BaTh €AMHULIBI AB-Maruuty nim
[ToTtok/I', TO MOTyCKHEHHE OYyIET C
ko3bdurmentom (z+1)°, B To BpeMst Kak s
eanHun ST-mag wim notoka Ha 1 HMm,
kod(uirenT noryckuenus oyaer (z+1)°.
IloTyckHeHue ABIsAETCS OJUHAKOBBIM Ul BCEX
KoH(urypauuii pacmupstouieiics Beenennoii,
HE3aBUCHMO OT CIIelU(pUUECKUX apaMeTpoB
KOCMOJIOTHYECKOM MOJEIIN.

ACh_2. . Photons of light at the moment
of reception can have about a source only
such information which matches to the
moment of emission of these photons, and
they cannot have the information that has
happened to a source during their
travelling, including information about
changing of size of a source. Therefore at
all has no value, in how an angular size of
a source varied after the moment of
emanation of the received photons - it is
not represented in properties of the
received photons in any way.

In LCDM the fourth degree for a factor
(1+z) is explained differently. See §1.7,
Steven Weinberg, Cosmology, Oxford
University

Press,2008,ISBN: 0198526822 ,Pages: 544
http://ebookee.org/Steven-Weinberg-
Cosmology-Repost- 316827.html

AY 2. ®oToHBI CBETA B MOMEHT IIPUEMA MOTYT
UMETb TOJBKO Ty HH(POpPMALHIO 00 UCTOUHUKE,
KOTOPAasi COOTBETCTBYET MOMEHTY MCITyCKaHUS ITUX
(OTOHOB, U HE MOTYT OTpakaTh MH(OPMAIUIO, YTO
IIPOU30IIIIO C HICTOYHUKOM 33 BPEMsI X
pacnpoCTpaHEeHus, B TOM YHCJIE 3TO KacaeTcs
YTJI0BOrO pazmepa uctounuka. Ilosromy
COBEPULICHHO HE UMEET 3HaYECHUs, BO CKOJIBKO pa3
M3MEHMIICS YIJIOBOM pa3Mep UCTOYHHKA I1OCIIE
MOMEHTA U3JTy4eHUs] IPUHATHIX (POTOHOB - Ha
CBOMCTBaX MPUHATHIX (DOTOHOB ITO HUKAK HE
OTpakaeTcsl.

B LCDM uetBepras cCTENEHb 11 MHOXKHUTENS

(1+z) oObsicusercs unaye. Cwm. §1.7, Steven
Weinberg, Cosmology, Oxford University
Press,2008,ISBN: 0198526822 ,Pages: 544
http://ebookee.org/Steven-Weinberg-Cosmology-
Repost- 316827.html

(pyc. - Baitn6epr CtuBen, Kocmosnorus: M.:
VPCC: Kamwxupii oM «JIMBPOKOM», 2013. —
608 c. Ilep. c anrn. [lox pex. u ¢ npeaucn. U.51.
Apedrsesoii, B.1. Canroka.
http://rutracker.org/forum/viewtopic.php?t=4392536 )

By contrast, in a Euclidean, non-
expanding (ENE) universe, where the
redshift is not due to expansion, but to
some other physical process, the SB
decreases as (1+z) in VEGA-magnitudes
and is independent of distance in AB
magnitudes per arcsec’. In this paper, we
use AB magnitudes throughout, so the
ENE prediction is that SB is constant. The

B otnmuue ot 3Toro, B EBKiInaoBoit
Hepacumupsitomeiics (ENE) Beenennotit, roe
KpacHO€ CMEIICHHE MOSIBIISIETCS HE U3-3a
pacumMpenusi, HO U3-3a KaKOro-To Apyroro
¢usnueckoro npouecca, SB yMeHbIIaeTcs Kak
(1+z) B VEGA-marauTyax 1 He3aBUCHMO OT
pacctosiHus B AB—maraurynax Ha arcsec’. B aToi
CTaTh€ MBI UCIIOJIb3yeM AB—MarHuTyibl MOBCIOY,
TakuM oOpazom, npeackazanue ENE - SB
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difference between the two models, (z+1)’
in all units, is independent of the specific
cosmological parameters used and is a
very large factor at the maximum redshifts
now observable-a factor of 216, for
example, at a redshift of 5.

MOCTOsIHHA. Pa3nuuune Mexry 3TuMuU AByMs
MozemsimH, (z+1)” Bo Becex eMHMIIAX, He 3aBHCHT
OT UCTIOJIb3YEMBIX CHEI(PUIECKIX
KOCMOJIOTUYECKHUX NTapaMeTPOB U ABIISIETCS OUEHb
00IbIIIM KO3 (HUITUEHTOM B HAOIIOTAEMBIX
TeNepb MAaKCUMAaJIbHBIX KPACHBIX CMEILLECHUSX,
HanpuMep, MHOXKHTENb 216 pu KpacHOM
CMELICHUU 3.

ACh_3. For all variables applied in the
Tolman test, it is necessary to give a
detailed explanation why they have the
specified formulas in AB-magnitudes as
properties of this force system are little-
known. In this case, it is easier to view all
values in usual unities (erg, sec, cm, arsec)
in which the Tolman test is initially
formulated. As for reaching of constancy
of SB in Static model it is enough to view
function (1+z)*B() instead of the surface
brightness, B().

AY_3. Jlnsa Bcex mepeMeHHbIX, IPUMEHSIEMBIX B
tecte TonmMeHa, HEOOXOAMMO IPUBECTH MTOIPOOHOE
00BsICHEHHE, TI0YEMY OHU UMEIOT YKa3aHHbIE
dbopMmyiibl B cucteMe AB-Marauty, Tak Kak
CBOICTBA ATON CUCTEMbI €IMHUI] U3BECTHBI MaJio. B
CBSI3U C THUM, MPOIIIE PACCMaTPUBAThH BCE
BEJIMYMHBI B OOBIYHBIX €IMHUIAX (erg, sec, cm,
arsec), B KOTOpbIX TecT ToJIMeHa U3HAYAIbHO
chopmynupoBan. Tem Ooiiee, 4TO JJIs1 TOCTHKEHUS
noctostHcTBa SB B Cratnueckoi Mozenu
JIOCTaTOYHO paccMaTtpuBath PyHKIio (1+2)*B()
BMECTO (D)YHKIIMU TOBEPXHOCTHOH sipkocTh B().

So, it should be possible to use the Tolman
test to distinguish the dark-energy, cold
dark matter (LCDM) expanding and ENE
models. There have been a number of
efforts to do this in the past. But, as Scarpa
et al (2009) describes in detail, these
previous attempts have been seriously
limited in various ways. Some papers were
highly limited in redshift range: Pahre et al
(1996) to z<0.4, Lubin and Sandage
(2001) to <0.9. Weedman et al (1998) and
Hathi et al (2008) both restricted their
studies to maximum surface brightness for
their samples rather than average surface
brightnesses, which prevented a self-
consistent test of the ENE model. Despite
the limitations of these earlier studies,
when their data is re-examined in a
consistent manner, Scarpa et al show that
in each case the data are entirely consistent
with the ENE model.

[ToaTomMy OMKHO OBITH MOYKHO HUCIIOJIB30BATH TECT
Tonmena, 4TOOBI OTIUYUTH MOJICTH PACHIHPEHUS, C
TEMHOU HEPTrUeil U XOJOAHON TEMHOU MaTepuei
(LCDM), ot monenu ENE. B nponuiom 65110
MHOT0 YCWJIHH cienath 3T0. Ho, Kak moapoOHo
onuckiBaeT Scarpa u ap. (2009), aTu npeapiayme
MOTIBITKY OBLIIM CEPHE3HO OIPaHUYEHBI IO Pa3HBIM
npuunHaM. Heckonbko cTareid Ob1I0 Ype3BbIYaitHO
OTPaHMYEHO B MHTEPBAJIE KPACHOTO CMEILIEHHUS:
Pahre u ap. (1996) k z <0.4, JIrobun u Conaumx
(2001) k <0.9. Weedman u ap. (1998) u Hathi u ap.
(2008) 06a orpaHUYMBAIIN UX U3YICHHUS
MaKCUMAaJIbHOUN MOBEPXHOCTHOU SPKOCTBHIO JIJIS1 UX
BBIOOPOK, a HE CpeTHEH MOBEPXHOCTHOM SPKOCTHIO,
KOTOpasi NpeloTBpallaja CaMOCOTIacOBaHHOE
ucnsiTanue mogenu ENE. Hecmotps Ha
OTPaHUYEHHOCTH ATHX OOJIee paHHUX U3yUEHUH,
KOT/Jla MX JaHHbIE BHOBBH OBLITN UCCIIEI0BAHbI
COBMECTHUMBIM criocoOoM, Scarpa u Jp.
MTOKA3bIBAIOT ATO B KAXJAOM CIIydae, TH JaHHbIE
MOJIHOCTBIO COBMECTUMBI ¢ MoJienbi0 ENE.

For a decisive test, better data sets are
needed. Fortunately such data sets have
become available since 2005 with the
distribution of Hubble Ultra Deep Field
(HUDF) images and catalogs and the
GALEX Medium Imaging Survey (MIS)
catalog. Together these data sets make
possible a consistent comparison of
surface brightness in the Far UV (FUV)
and Near UV (NUV) bands across a range
of z from close to 0 to almost 6. Based on

JUJ1st perraronero nCubITaHu HE0OXOIUMBI
JTy4ine Habopsl JaHHBIX. K cyacThio Takue
HaOOPbI TaHHBIX CTain qocTynHbMU ¢ 2005 roxa ¢
pacrpocTpaHeHHeM U300paKeHUH U KaTaJoroB
VYnbrpa rimy6okoro noist Xa66:xa (HUDF) u
karanora Cpennero O63opa uzobpaxenuit (MIS)
GALEX. Bmecte 3Tit HA0OpBI JTaHHBIX JICTAF0T
BO3MO’KHBIM COBMECTHMOE CPaBHEHUE
MOBEpXHOCTHOM sipkocTH B Jansaem YO (FUV) u
bruzkom YO (NUV) auana3oHax mno Bcemy
WHTEpBAITY Z 0T 6Ju3Koro K 0 10 moutH 6.




a preliminary examination of this data,
Lerner (2006) demonstrated that again,
there was general consistency with the
non-expanding expectations. Motivated by
this interesting suggestion we have
undertaken a detailed analysis of the
GALEX and HUDF datasets with new
measurements of the all relevant
parameters.

OcCHOBBIBasICh Ha MPEBAPUTEIBLHON IKCIIEPTU3E
3TUX AaHHbIX, Lerner (2006) mpoaeMoHCTpUpOBa
CHOBA, 4YTO ObIIa 00I11ass COBMECTUMOCTD C
HEPaCIIUPSIOIUMUCS 0XKUIAHUAMU.
MoTHBUpPOBaHHBIE STUM HUHTEPECHBIM
MPENOI0KEHUEM, MBI IPENPUHSIIN TOAPOOHBIN
ananu3 HabopoB ganHeix GALEX n HUDF ¢
HOBBIMH U3MEPEHUSIMU BCEX I1apaMeTPOB.
OTHOCSIIIIUXCS K AeIy.

The present paper seeks to overcome the
limitations of previous work and to
provide a comprehensive test of the
surface brightness predictions of the two
models. To do this, we select galaxies
from the HUDF catalog of Coe et al
(2006) and perform our own
measurements of radius, magnitude and
surface brightness in the HUDF B-band
(435 nm), V-band (606nm), i-band (775
nm ) and z-band (905 nm) images. We
compare galaxy samples based on these
images with GALEX galaxies at low
redshift. In this way we are able to carry
out a consistent comparison of galaxies at
the same rest-frame or at-the-galaxy
wavelengths, thus minimizing the k-
corrections needed when rest-frame
wavelengths are different. We also are
able to compare galaxies of the same
absolute luminosity across a broad range
of z, with almost continuous coverage in
the range from 0.9 to 5.7.

Hannast paboTa CTpEMUTCS MPEOI0JICTh
OrpaHUYEHUS NpeabIayIeii padoThl U 00eCIeYUTh
BCECTOPOHHEE HUCIBITAHUE TIPEICKA3aHUIA O
MTOBEPXHOCTHOMH SIPKOCTH B 3TUX JIBYX MOJEIAX.
YrtoObI caienaTh 3TO, MBI BBIOPAJIN TaJaKTHKH U3
katasiora HUDF Coe u ap. (2006) 1 BBITIOJIHUIN
HaI COOCTBEHHBIC U3MEPEHUS PaInyca,
3B.BEJINYMHBI U TOBEPXHOCTHOMU SIPKOCTHU U3
n3o0paxenuit B-guanazona HUDF (435 um), V-
nuanasona (606 Hm), i-muanazona (775 Hm) u z-
nuarnasona (905 um). Mbl cpaBHHBaeM BEIOOPKH
raJlakTUK, OCHOBAHHBIE Ha 3THUX U300paXEeHUSIX, C
ranaktukamu GALEX B Manom kpacHOM
cMmerneHud. Takum o6pa3oM, Mbl 0OecriedBacM
BO3MOYXHOCTH BBITIOJTHUTH COBMECTHMOE CPAaBHEHHE
TaJIAKTUK B TOM K€ CaMOU HENOJBUKHOM CUCTEME
OTCYETa WU ITTUHAX BOJIH «Y TAJIAKTHKWY, TAKUM
o0pa3om, MUHUMU3HPOBaB K-koppekiuio,
HE0OXOIUMOM, KOT/1a JITUHBI BOJIH MOKOSIIIUXCS
CUCTEM OTCYeTa SBJISIOTCS PAa3InIHBIMA. MBI
TaK)Ke MOXKEM CPAaBHUTH TaJIAKTUKH C OJIMHAKOBOM
a0COTFOTHON CBETUMOCTBIO 110 BCEMY ITUPOKOMY
WHTEPBAIY Z, C IOYTH HEMIPEPHIBHBIM MTOKPHITUEM B
unrepsaie ot 0.9 1o 5.7.

In Sect. 2 we report on the selection of the
objects and describe the construction of
the datasets at various redshifts. In Sect. 3
we present our measurements and
comparison with the expectations with
standard LCDM and ENE models. Finally
in Sect. 4 we draw conclusions and
propose new tests.

B Cekuun.2 mbl coobmiaeM o BEIOOpe 00bEKTOB H
OIHCHIBAEM MOCTPOEHUE HAOOPOB AAHHBIX MIPU
pa3UYHBIX KpacHbIX cMmenieHusx. B Cekiun 3 Mbl
MpEACTABISIEM HAIIM U3MEPEHUS U CPABHEHUS C
OKUJaeMbIM B Mojiensix ctanaaptHoi LCDM u
ENE. Hakonen B Cexinu 4 MBI iej1aeM BBEIBOIBLI U
IpeijiaraéM HOBBIE TECTBHI.

2. The sample selection and datasets

2. Bb100p BHIOOPKH M HA0OPBI JAHHBIX

In order to compare SB of galaxies over a
significant redshift range (up to z=15.5)
and to avoid strong k-corrections we need
to use observation taken in different bands
(depending on the redshift) such that the
same rest frame region of all the galaxies
is compared. At present this requirement is
well met only in the UV, combining UV
data collected by the GALEX for low z
objects with optical observations from

Uto06bl cpaBHUTH SB ramakTuk mo 60abIoMy
WHTEPBay KPaCHOTO CMEIIeHHsI (10 Z = 5.5) u
n30exaTh 3HAUUTENbHBIX K-Koppekiuii, Mbl
JOJDKHBI KCTIONB30BaTh HAOJIOICHNE, B3SITOE B
Pa3IMYHBIX JUaNa3oHax (B 3aBUCUMOCTH OT
KpPaCHOT'O CMEIIICHUSI) TAKIM 00pa30oM, YTOOBI
CpaBHUBAJIACh 00JIACTH OJHOM U TOH e
HEMOJIBUKHOM CUCTEMBI OTCUETA BCEX raJIaKTUK. B
HACTOSIIEE BPEMsI STOMY TPEOOBAHHIO XOPOIIIO
OTBEYAIOT TOIbKO B Y@ nuamasoHe,




HST for high z sources.

oowvenuustomme Y® nanusie, coopanasie GALEX
IU1A OJIM3KHUX O0BEKTOB, C OITHYECKHUMU
HaomroneHussMu oT HST s maneknx MCTOYHUKOB.

GALEX data are used to assess a low z
sample of galaxies based on the
observations gathered in the two GALEX
bands: FUV (155 nm) and NUV (230 nm).
We set the average redshift for our low z
sample to z=0.1 as the best compromise in
order to have a significant number of
objects and to use galaxies that are well
resolved by GALEX. These data
correspond to rest frame observations
obtained 141 nm and 209 nm for FUV and
NUV filters, respectively.

HNannapie GALEX ucnons3yrorcs, 9T00bI OLEHUTh
BBIOOPKY OJM3KHUX TaJIaKTHK, OCHOBAHHYIO Ha
HaOJIOACHUAX, COOpAaHHBIX B ABYX JUAara3oHax
GALEX: FUV (155 uam) u NUV (230 aM™M). MBI
yCTaHABIMBAEM CpEIHEE KPAaCHOE CMEILCHUE IS
Hamel BEIOOpKH ¢ MaibiMK z 115t z=0.1 kak
JYYIIAA KOMIIPOMHUCC, 9TOOBI HIMETh 3HAYUTEIILHOE
KOJIMUYECTBO 0OBEKTOB U UCIOJIb30BaTh rajlakTHKHU,
KoTopble xopoio pazpemeast GALEX. Otu
JTaHHBIE COOTBETCTBYIOT HAOJIIOICHUSM B
HETOJBUKHOM CUCTEME 0TCUYETA, IOJyYSHHBIM Ha
141 am u 209 am aius FUV u NUV bunstpos,
COOTBETCTBEHHO.

A number of high z galaxy samples are
then selected from the Hubble Ultra Deep
Field using the ACS observations obtained
in b (435 nm), V(606nm), i (775 nm ) and
z (905 nm) bands. The redshift of the high
z samples is set such as to minimize the k-
corrections and thus for each filter it is
centered as close as possible at the same
rest frame wavelengths of the two low z
GALEX samples. Using the 4 ACS filter
given above this approach allow us to
define 8 high z samples of galaxies, 4 that
match the FUV band and 4 for the NUV.

MHorue BbIOOpKH JaNeKUX TajlakKTHUK 3aTeM ObLIU
BbIOpanbl U3 Yubrpa ['my6Gokoro Ilons Xa66ma,
ucnonb3yss ACS HaOro1eHMS, TIOJTyYCHHBIC B
nuamna3onax b (435 um), V (606 am), 1 (775 aM) u z
(905 um). KpacHoe cMmenieHne BEIOOPOK ¢
OOJIBIIIMMU Z YCTAHOBJICHO TaK, YTOOBI
MUHUMU3UPOBaTh, K-KOppeKkunu, 1, TaKUM
o0pa3om, It KaKI0r0 GUIbTpa 3TO
LEHTPUPOBAHO TaK OJIU3KO, HACKOJIIBKO BO3MOXKHO B
JUIMHAX BOJIH OJHOM U TOM K€ HEIIOABMKHOU
cucTeMbl oTcueTa AByX BeiOopok GALEX ¢
MasbiMu z. Mcrionb3yst nanHble Bbiiie 4 ACS
¢bunbTpa, 3TOT MOAXO0/I MO3BOJIIET HAM OIPENETUTh
8 BBIOOPOK JJaJIEKUX TaJlakTHK, U3 KOTOPBIX 4
co0oTBeTCcTBYIOT tuana3zony FUV u 4 - NUV.

Another important issue for this study is
that since SB is correlated with the
absolute magnitude M we must compare
galaxies that have on average the same M.
All the considered samples were thus
matched in order to have the same mean
absolute magnitude. We selected an
absolute magnitude range of -17.7 to -19
in order to include the most luminous
galaxies that are visible at all redshifts, to
have adequate sample size and to avoid
too large a range in luminosity. As
described below, we used the same
absolute magnitude range in the tests of
each cosmological model, using that
model’s formula for absolute magnitude.
Since the two models’ formulae actually
agreed quite closely, almost the same
samples are used for both tests.

Jpyras BakHas mpodsieMa it TOr0 U3y4YCHHUS -,
MOCKOJIBKY SB KoppenupoBaHa ¢ aOCOIOTHOM
3B.BEJIMUUHON M, TO MBI JOJKHBI CPABHUBATH
TaJIaKTUKH, Y KOTOPBIX B cpeHeM Takoe xe M. Bee
paccMmaTpuBaeMble BBIOOPKHU JOKHEI OBITH
COTJIACOBAaHHBIMHU TaKUM 00pa30M, 4TOOBI UMETh
OJIMHAKOBYIO CPETHIOI0 a0COTIOTHYIO 3B.BEIHUNHY.
Mp1 BeIOpaIi HHTEPBaJT A0COFOTHOM 3B.BETUIMHBI
oT -17.7 1o -19, 4T00BI BKIFOYUTH OOJIBLIIMHCTBO
SIPKUX TaJaKTHUK, KOTOPBIE BUJIMMBI BO BCEX
KpPaCHBIX CMEIIEHUSAX, YTOOBI UMETh a/ICKBATHBIN
00BbeM BBIOOPKH M H30€KaTh CIUIITKOM OOJIBIIIOTO
WHTEpBaJia B CBETUMOCTH. Kak ommcano HIKe, Mbl
HCIIOJIB30BAJIM TOT YK€ CaMbIil MHTEPBAJI
a0COJIIOTHOM 3B.BEJIMYMHBI B UCIIBITAHUAX KaXKI0MH
KOCMOJIOTUYECKOM MOJEINH, UCTIONB3Ys (POPMYIIBI
JTHX MOJCCH IS aOCOIIOTHOM 3B.BEJINYHMHEI.
[Tockonbky (hOpMyIIBI 3TUX IBYX MOJEIEH,
(haKTHYECKH COTJIacOBaHHBIE BeCbMa OJIM3KO,
MIOYTH T€ K€ camble BEIOOPKH, UCTIONB3YIOTCS TSI
000MX UCIIBLITAHUH.




ACh_4. In each sample, also as well as in
each compared pair of galaxies the interval
of magnitudes should be almost zero, at
least - be essentially less of odds of
models, 2.5 log[(1+z,)/(1+z,)]’ to discover
this odds.

Here the essential role is played by exact
formulae of models, in particular, the
formula d=(c/H)In(1+z) is obliged to using
in static models.

It is necessary to understand that the
Tolman test is formulated in terms of
distances in parsecs: and on photometric
and on an angular size, and in visible
surface brightness - the energy transiting
per unit time through unit of a surface of
the receiver. For such unities the ratio of
the surface brightness of two equal sources
will be [(1+2,)/(1+z;)]*. Stating and
checking the Tolman's test in terms of
module of distances, i.e., in magnitudes,
we necessarily must come to an odds of
the surface brightness of

10 Log[(1+2z,)/(1+z,)] But thus and an
odds of abs. luminosities of two compared
galaxies in magnitudes, and an odds in
radiuses of these galaxies should be,
accordingly, very small.

AY 4. B kax 1011 BBIOOPKE, TAK)KE KaK U B KaXKI0U
CpaBHMBAeMOM Mape rajlakTUK UHTEPBA
aOCOITIOTHBIX 3B.BEITMYMH JIOJKEH OBITH
MPAKTUYECKH HYJIEBBIM, IO KpaiiHeil Mepe
CYLIECTBEHHO MEHBIIIE Pa3HUIIBI MOIETICH

2.5 10g[(1+Zz)/(1+Z1)]3 , YTOOBI OOHAPYKUTH ITY
pasHuULLy.

311ech CYIIECTBEHHYO POJIb UTPAIOT TOUYHBIE
(dbopMyIIBI MOZIETIEH, B YACTHOCTH, B CTATHIECKUX
MOJIeNAX 00s13aHa UCIO0Ib30BATHCS opMyIia
d=(c/H)In(1+z).

Heo6xoaumMo yunTsiBaTh, 4TO TeCT TosMeHa
c(OpMYIHPOBaH B TEPMHHAX PACCTOSIHUN B
napcekax: (poToMeTpuIecKoro U no yrioBoMy
pa3Mepy, 1 B BUIMMOM TOBEPXHOCTHOM SIPKOCTH -
SHEpIuu, NPOXOAIeH 3a €TUHUILY BPEMEHU Yepe3
€IMHUITY TIOBEPXHOCTH NMPUEMHHUKA. VIMEHHO U151
TaKUX €JAMHUI] OTHOIICHUE TOBEPXHOCTHOM
SIPKOCTH JIBYX PaBHBIX UCTOYHUKOB J1a€T
[(1+2,)/(1+21)]*. ®opmymupys u poBepsist TecT
TosMeHa B TepMHUHAX MOZYJIEN pacCTOSHUM, T.€., B
3BE3/IHBIX €JUHMLAX, HEOOXOIUMO MPUNHTH K
pa3HHIIEe TOBEPXHOCTHBIX SIPKOCTEH

10 Log[(1+z,)/(1+z;)]. Ho mpu 5TOM 1 pa3HuIla
a0c. CBETUMOCTH JIByX CpPaBHUBAEMbIX T'aJIAKTHK B
3B. BeJIMYMHAX, U Pa3HUIA B painycax 3THX
raJlaKTHK JIOJDKHBI OBITh, COOTBETCTBEHHO, OUEHb
MaJIBIMHU.

In this way we are able to carry out a
consistent comparison of low z galaxies
across a broad range of z, with almost
continuous coverage in the range from z=
0.9 to z=5.7. In the following sections we
give the full descriptions of the selection
of objects in the considered samples and
the details of the corrections applied.

Takum 06pa3zomM HaM MOKHO BBHITIOJTHUTD
COBMECTHMOE CpaBHEHHE OJIM3KUX TaJlaKTHK 110
IUPOKOMY WHTEPBAITY Z, C IOYTH HEMPEPHIBHBIM
MOKpBITHEM B MHTepBase oT z = 0.9 no z=5.7. B
CIIEAYIONINX pa3JiesiaX MbI JaeM TIOJTHbIE OTTHCAHUS
BbIOOpa OOBEKTOB B pACCMOTPEHHBIX BEIOOpKAX U
MOJIPOOHOCTH IPUMEHEHHBIX KOPPEKIINH.

The low z GALEX dataset

Habop oannvix GALEX na manwix z

The low-z sample of disk galaxies was
selected from the GALEX Medium
Imaging Survey (MIS) catalog.
(http://galex.stsci.edu/GR2/)This includes
about 27000 (26722) galaxies that are also
spectroscopically classified in the SDSS
catalog. In order to eliminate the
unresolved galaxies we conservatively
selected for measurement only those with
stellarity < 0.4, although we also counted
the number of unresolved galaxies. A
further selection criterion is that all the
galaxies included be disk galaxies. This is
an important consideration to avoid
confusion in the data.

Bri6opka OTM3KHUX TUCKOBBIX TaJTaKTHK ObLIa
BbIOpanHa n3 karamora GALEX Cpennero O630pa
nzoopaxenuit (MIS). (http://galex.stsci.edu/GR2/)
On Brumrovaet nmpumepHo 27000 (26722) ranakTuk,
KOTOPBIE TAaKXKE CIIEKTPOCKONYECKH
kiaccuduiupoBansl B katanore SDSS. UToObt
O0TOPOCHUTH HEpa3pELICHHbIEC TATAKTUKH, MBI
KOHCEPBATUBHO BBIOWpAIIU JJI U3MEPEHUS TOIBKO
TaJIAKTUKH CO CTENEHbIO 3Be371000pazoBanus <0.4,
MIPH 5TOM MBI TaK)K€ CUYUTAIIN YHUCIIO
HEpAa3pEUIEHHBIX rAJIaKTUK. JlanmpHenmmn
KpUTEpUil BEIOOPA - BCE BKIIOYAEMbIE TaJaKTUKU
JIOJKHBI OBITH TUCKOBBIMH DTO - BAXKHOE
paccMoTpeHue, YTo0bl 30ekaTh Oecropsiika B
JTAHHBIX.




If a disk galaxy's exponential disk is too
dim to be observed in a given image, but
its bright bulge, with higher surface
brightness, is observed, the result can be
confused with a much smaller elliptical
galaxy. As will be shown below, the
galaxies that we are focusing on, which
are very luminous in the UV, are all disk
galaxies in the GALEX sample.

Ecim skcnmoHeHITMAIBHBIN TUCK TUCKOBOM
TaJIakKTUKH CIUIIKOM TYCKJI, YTOOBI HAOMIOJaThCS B
JTAaHHOM H300paXCHHH, HO €ro SIPKUN OaIIK, C
0o0Jiee BHICOKOM MOBEPXHOCTHOM SIPKOCTHIO,
HaO0JII0TAeTCsl, PE3YJIhTAT MOXKET OBIThH MIEPEyTaH C
HaMHOT'O MEHBIIIEH 3IIUINTHUECKON TaIaKTUKOM.
Kaxk Oyner mokazaHo HWKe, TaJIaAKTUKHY, Ha
KOTOPBIX MBI COCPEIOTAYUBAEMCS, KOTOPBIE OUEHD
spkue B Y@, Bce ABISAIOTCS JUCKOBBIMU
rajakTukamu B BbiOopke GALEX.

We initially chose a narrow redshift range
from 0.095 to 0.1 for the GALEX sample.
However, in order to test the effects of
resolution on the measurements, we also
selected a lower z sample in the FUV
extending from z=0.02 to 0.05. The final
7z=0.1 samples of GALEX disk galaxies
consist of 40 objects in the FUV sample
and 70 objects in the NUV sample. The
7z=0.04 FUV sample is 29 objects.

MpI niepBOHaYaNbHO BRIOpAN Y3KUH HHTEpPBaJ
kpacHoro cMenienus ot 0.095 o 0.1 st BeIGOpKH
GALEX. Oxgnako, 4To0bI TPOBEPHUTH 3P HEKTHI
paspelieHrs Ha U3MEPEHUSIX, MBI TAKXKE BBIOMPATTH
BBIOOPKY ¢ MeHbIuMH Z B FUV,
npoctuparotrytocs ot z=0.02 no 0.05. Koneunsie
BbI0OOpKH GALEX nuckoBbIx ramaktuk st z=0.1
cocrosu u3 40 06bexToB B BeIOOpKe FUV 1 70
o6bekToB B BeIOOpKe NUV. FUV BBIOOpKa 17151
7z=0.04 umeet 29 0OBEKTOB.

The high z HUDF dataset

Habop oannwvix HUDF ons 6onvuiux z

The high-z samples are selected from the
HUDF photometric and morphological
catalogs (Coe et al.). These catalogs
contain photometric measurements for
each galaxy in the b, v, 1, z, H and J bands,
and morphological measurements in the i-
band. Each galaxy has a photometric
redshift, estimated by two methods:
Bayesian Probability (BPZ) and Maximum
Likelihood (BML). Coe et al. report that
comparison of BPZ with spectroscopic
redshifts in the small sample where they
are available indicates that, except for a
few outliers, BPZ redshifts are accurate to
0.04. To eliminate outliers, we have
chosen to use the difference between the
BML and BPZ redshifts as an indicator of
the reliability of BPZ redshifts, and have
eliminated all those with ABS(z(BPZ)-
z(BML)) > 0.5. Also in this case we have
eliminated all galaxies with stellarity >
0.4, those with Sersic number> 2.5 and
with uncertainties in the Sersic number > 1
(all parameters determined from i-band
images).

Bo160opku ¢ 00sIbIIMMU Z BHIOpAHBI U3
(dhoToMeTpuuecKUx U MOP(OITOTHIECKUX KaTaIOrOB
HUDF (Koe u ap.). OTH Katanoru coaep:xxat
(dhoToMeTprUeCKre U3MEPEHHS TS KX IO
rajJJakTHKH B Juana3oHax b, v,i,z, Hu J, u
Mopororuueckre n3MepeHus B i-1uanazoHe. Y
Ka)KJJOM TaJIaKTUKH €CTh (POTOMETPUUECKOE
KpacHO€ CMEIIeHHE, OIICHEHHOE JIByMSI METOJaMU:
baiiecoBa Beposarnocts (BPZ) nu Hanbosnpimee
npasaonoaooue (BML). Koe u ap. coobmator, 4to
cpaBHeHUe BPZ co criekTpaibHBIMU KpaCHBIMU
CMEIIEHUAMHU B HEOOIBINOM BBIOOPKE, T/Ie OHU
JOCTYIHBI, YKa3bIBAa€T, YTO, 3a UCKIIOUEHUEM
HECKOJILKMX BBIOPOCOB, KpacHble cMmerieHus: BPZ
touHble 10 0.04. YTOOBI UCKIIIOUUTH 3TH BEIOPOCHL,
MBI OBLITH BBIHYK/I€HBI HCIIOJIb30BATh PA3HOCTh
MEXy KpacHbIMU cMeleHussMu BML u BPZ kak
WHJIMKATOP HAJEKHOCTH KpacHbIX cMmenieHuil BPZ,
u uckimounu Bee ¢ |z(BPZ)-z(BML)[>0.5. Taxxe B
ATOM CJIy4ae Mbl HCKITFOUMIIU BCE TATaKTHKHU CO
CTENEHBIO 3B€3/1000pa3oBanus > 0.4, ¢ yuciom
Cepcuka > 2.5 1 ¢ HEONPEIETICHHOCTHIO B UHUCIIE
Cepcuka > 1 (Bce mapaMeTpbl, OIIPeEIeHbI 110
M300paKeHUSM 1-Hana3oHa).

The redshift ranges of the HUDF samples
are chosen to match as much as possible
the same rest frame region observed for
the low z GALEX samples. The upper and
lower limits of each redshift range are set
so that the central wavelength of the

WutepBansl kpacHoro cmenienus Bbioopok HUDF
BBIOpAHBI, YTOOBI COOTBETCTBOBATH B MAKCUMAJILHO
BO3MOXKHOI CTEIIEHH TOM ke caMoli 00J1acTH
HEMOABM)KHOM CUCTEMBI OTCUETa, HAOII0 JaeMOM
it GALEX BbIOOpKH ¢ MasibiMu z. BepxHue u
HIDKHUE TTPEJENbl KaXKI0TO MHTEpBaja KpacHOTO




GALEX filter coincides with the upper
and lower cutoffs of the HST filter.
However in some cases the upper cutoff
was smaller to avoid allowing the Lyman-
alpha region to enter into the observed rest
frame spectral range.

CMEIIIEHUS YCTAaHOBJIEHBI TaK, YTOOBI LIEHTPAJIbHAS
minHa BonHbI punsTpa GALEX oka3zanace Mexay
BEPXHHUMHU U HI>KHUMHU noporamu ¢unbTtpa HST.
OnHako B HEKOTOPBIX CIIydasix BEpXHUI mopor Obu1
MEHBIIIE, YTOOBI N30€ekaTh nonaganus Jlaitman-
anbda 06macTy B HAOIIOAaeMble TPEeIIbl CIIeKTpa
HEIOABMKHOMU CUCTEMBI OTCUETA.

The SB versus Absolute Magnitude
relation

SB npomue OmHOULEHUA abCONOMHBIX 36.6CAUYUH

In order to compare surface brightness, we
must ensure that we are comparing similar
objects. Since SB is correlated with the
absolute magnitude M we must compare
galaxies that have on average the same M.

UTo0BI CpaBHUBATH TOBEPXHOCTHYIO IPKOCTh, MBI
JOJKHBI TapaHTUPOBATh, YTO Mbl CPABHUBAEM
noo0HbIe 00beKThL. [lockonbky SB
KOppeJMpoBaHa ¢ aOCOTIOTHOM 3B.BEJIMUNHON M,
MBI JIOJDKHBI CPAaBHUBATh TAJTAKTUKH, Y KOTOPBIX
€CThb B CPEAHEM Ta ke camasi M

For a non-expanding model, M can be
calculated from the apparent magnitude m
and the distance d, where d is in Mpc, M =
m - 35 - 5 log d. However, a relationship
must be assumed between the observed
redshift z and d. For this study, we assume
that the relationship d= cz/H, holds for all
z. For a non-expanding model, M can be
derived from the apparent magnitude m (in
the AB system) using the relation: M - m =
5 -5Log(cz/Hy).

Jlst Hepacmupsitomecs Moaen M MoxeT ObITh
BBIYMCIIEHA 110 BUAMMOM 3B.BEJIMYMHE M. U
paccrosiauto d (B Mpc), M =m - 35 - 5 log d.
OnHako, ToKHA ObITh IPUHSATA 3aBUCUMOCTh

Mex 1y HaOJIr0JaeMbIM KpacHbIM CMeIleHrneM z U d.
Jl1g 5TOr0 M3y4eHus Mbl IIPEAIIOIaraeM, 4ro
3aBucuMocTs d= cz/Hy nepxurcs s Beex z. s
Hepaclupsitomencs Moaeau M MOXKHO BBIBECTH U3
BUIUMOM BeM4MHbBI m. (B cucteme AB),
UCToNB3ys cooTHomeHue: M - m = 5 -5Log(cz/Hy).

This assumption is motivated by two
considerations. First, the linear Hubble
relationship is observed to hold in the
lowest redshift region, where there are the
best independent tests of distance, so the
simplest hypothesis is to extrapolate this
relation for all z. Second, the luminosity
vs. redshift formula derived from this
simple assumption is extremely close to
the luminosity relationship based on the
LCDM formula, not deviating from it by
more than 0.5 magnitudes up to a z of 5.7.

DTO NPEeAnoa0KeHUe MOTUBUPOBAHO JIBYMsI
paccMoTpeHusiMU. Bo-niepBbIX, JIMHEHHAs
3aBUCUMOCTH Xa001a HaOIroaeTcest
BBITTOJIHSIONIEHCS B CAaMOW HU3KOM 00J1acTH
KpPaCHOT'O CMEILIEHHUS, T/I€ €CTh JIy4lllne
HE3aBHUCHMBIE TTPOBEPKH PACCTOSHUS, TAKIM
o0pa3oM camasi TpocTasi TUIOTe3a JI0JDKHA
AKCTPAIOJIMPOBATH 3TO COOTHOIICHUE JJISI BCETO Z.
Bo-BTOpBIX, CBETUMOCTH B 3aBUCUMOCTH OT
(hopMyJTBI KPaCHOTO CMEMICHMS, BRIBEACHHOU U3
3TOT0 MPOCTOTO MPEANOI0KEHUS, YpE3BbIYAITHO
013Ka K 3aBUCHMOCTH CBETUMOCTH, OCHOBAHHOM
Ha Gopmyne LCDM, He OTKJIOHSIOIIEHCS OT 3TOro
oobiie uem Ha 0.5 BenuunHamu 10 z 5.7.

ACh_5. The relation d=(c/Ho)In(1+z)
extrapolates on all z the Hubble's linear
law for small z. Therefore for all z it is
fulfilled: M - m = 5 -5Log((c/Hy)In(1+2)).

AY 5. Coornomenne d=(c/Hp)ln(1+z)
AKCTPANoJINpyeT Ha BCe Z IMHEHHBIN 3aKkoH Xab0ma

JUIst MaJibIX z. [To3ToMy 11 BceX Z BBITIONHSAETCS
M - m =5 -5Log((c/Hp)In(1+z)).
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Figure 1. Comparison of the distance modulus
as a function of the redshift for ENE model
(solid line) (M - m = 5-5Log(cz/H,) in AB
magnitudes) and the one obtained from the
concordance cosmology with Q,=0.26 and Q,
=0.76 (dashed line). Superposed to the models
is the Hubble diagram for supernovae type la
from the gold sample (Riess04), and the
supernovae legacy survey (Astier06). The fits
assume the absolute magnitude of supernovae
is M= -19.25. The two lines are nearly
identical over the whole redshift range.

Puc.1. CpaBHeHue MOy sl pacCTOSHUS Kak (pyHKIMH
KpacHoro cMmetneHus nias moaenu ENE (crutormaas
muansg) (M. - M. = 5-5Log (cz/HO) B Benmunuax AB) u
MOJIEJIH, TIOJyYEHHON U3 KOCMOJIOTUM COOTBETCTBUS C
Qn=0.26 u Q,=0.74 (mynxTupHas nuHust). Ha Mmogenu
HajoXeHa auarpamma Xao6ma mist CBepXHOBBIX la
THMa U3 30710T0H BEIOOPKH (Riess04), u 0630p
cymectBytomux CBepxHoBbIX (Astier06). [Tonronka
MpeInoaraeT, 4To aOCONIOTHAS 3B.BeTTMYMHA
CBepxHOBBIX M= -19.25. 3T aBE TMHUN MTOYTH
UJCHTUYHBI TI0 BCEMY UHTEPBAIy KPACHOTO CMEIICHUSI.

ACh_6. Here the K-corrections and an
uptake with scattering of light are not
considered, but which change a
magnitude of observable objects, and,
hence, a declination of a selected line.

A values M-m do not depend from m both
for galaxies, and for Supernovas la type,
but for Supernova the distance module is
considered in AB-magnitudes by formula
M-m= 5 - 5Log((c/Hop)In(1+z)) -
2.5Log(1+z), where last term is added
because of elongation of a full time of
light curve approximately by (1+z).

AY_6. 3eck He yuteHsl K-koppekunu u
IIOTJIOLIEHHUE C PACCESIHUEM CBETA, KOTOPbIE
W3MEHSIIOT 3B.BEJIMUMHY Ha0J10/1aeMbIX 00BEKTOB,
U, cIeloBaTeIbHO, HAKJIOH NOJA0UpaeMoi TMHUY.
Benmnunabl M—m He 3aBUCAT OT m U JJI FalaKTHK,
n i CBepxHoBbIX [a Tvna, HO U1t CBEPXHOBBIX
MOZYJIb paccTOsiHUS cunTaercs B AB cucreme no
bopmyie

M-m = 5 -5Log((c/Ho)In(1+z)) - 2.5Log(1+z), rae
nocJeIHui wieH 100aBJeH n3-3a PacTsHKEHUS
CBETOBOM KPUBOI MpuUMeEpHO B (1+z) pas.

It is remarkable that this relation gives
very similar values (see Figure 1) to those
computed using the concordance
cosmology. The agreement is better than
0.3 mag over the whole range of redshift
up to z =5 and for most of the range,
including nearly the entire range covered
by supernova observations, it is better than
0.1 mag.

3aMeqarenabHO, YTO 3TO COOTHOLICHUE JTA€T OUYEHb
noxoxue 3HayeHus (cM. Puc.1) k Tem, KoTopble
BBIYHCIIEHBI C UCIOIb30BAaHUEM KOCMOJIOTHH
cootBercTBus. Cornamenue nyunie, yeM 0.3 mag
10 BCEMY MHTEPBay KPaCHOIO CMELIEHMS 10 Z =5
n AJi OoJIbIIIEH YacTH HWHTEPpBAJIa, BKIOYasd IMOo4YTH
BECh MHTEPBAJI, MOKPBITHIN HAOIIOACHUAMU
CBepxHOBOM, 370 syuiie yeM 0.1 mag.

It is important that for both Universe
models that we want to compare the
relationship between the apparent and
absolute magnitude turned out to be
almost the same. This allow us to perform
the selection of the galaxies based on a

Baxhno, uto y 06eux mopeneii BeceneHHOH,
KOTOPBIE€ MBI XOTUM CPaBHUTh, 3aBUCUMOCTh
MeX1y BUANMOMN M aOCONIFOTHOH 3B.BEIHUNH
oKazayiach IOYTH TOM K€ caMOM. ITO MO3BOJISICT
HaM BBITOTHITH BHIOOP rajJakTUK, OCHOBAaHHBIN Ha
JTAHHOM MHTEpBasie a0COIIOTHBIX 3B.BEJIUYHH,




given range of absolute magnitudes that is
almost independent on the cosmological
model assumed. We find that there is
almost a complete overlap between the
samples chosen using the ENE and LCDM
magnitudes, except for the two highest-z
samples, and even there most of the
samples are the same.

KOTOPBIE TTOYTH HE3aBUCHUMBI OT pacCCMaTpPUBAEMOM
KOCMOJIOTUYECKOM Moenu. MbI 0OHapy XUBaeMm,
YTO €CTh IMOYTH MOJTHOE MEPEKPHITUE MEKITY
BBIOOPKAMU, BHIOPAHHBIMH, UCIIONB3YS BETHUNHBI
ENE u LCDM, 3a uckitoueHueM AByX BBIOOPOK €
CaMbIMU OOJBIIMMH Z, M JaXKe TaM OOJIBIIIUHCTBO
BBIOOPOK - OJIMHAKOBBIE.

3. Data analysis and results

3. AHaJIM3 IaHHBIX U Pe3yJIbTaThl

To accurately compare the surface
brightness of galaxies, we must use a
measurement technique that is consistent
for all samples and that is independent of
the size of the galaxy images. We could
not use the catalog values for GALEX and
HUDF, since, first of all, the radii values
were derived by different fitting
approaches, and second, there were not
HUDF catalog values for wavebands other
than i-band.

UT0OBI TOYHO CPABHUTH MMOBEPXHOCTHYIO SIPKOCTh
rajakTHK, Mbl JJOJDKHBI HCTI0JIB30BATh TEXHUKY
HU3MEPEHUI, KOTOpasi COBMECTUMA ISl BCEX
BBIOOPOK, U 3TO HE3aBUCHUMO OT pa3zmepa
M300pakeHuH rajJakThuK. Mbl He MOTJIU
HUCIIOJIL30BaTh KaTaaokHele 3HaueHus i1 GALEX
u HUDF, nockonbKy, pexae BCero, 3Ha4eHUs
paauycoB ObUTH BBIBEICHBI PA3TUIHBIMU
MOJIX0JIaMH TIOJITOHKH, U BO-BTOPBIX, HE OBLIO
3HayeHuit katagora HUDF niist uaTepBanoB BoJjiH
KpOMeE i-/Tiana3oHa.

To determine the magnitudes of the
galaxies, we took the total flux within a
circular aperture.

UroObl ONpeAeUTh 3B. BEJIMYUHBI FAJIAKTUK, MbI
B351JIM CYMMapHbIN ITOTOK B IIPe/ieNIax KPyTriou
aneprypsl.

The size of the aperture had to be large
enough to accurately measure the light
from the largest galaxies, but small enough
so as to avoid the contamination from
other sources close to the target. Galaxies
are excluded if there is a neighbor within
10 pixels of the aperture.

Pa3mep aneptypsl 1oimKeH OBLT OBITH JOCTATOYHO
OO0JIBIINUM, YTOOBI TOYHO U3MEPUTH CBET OT
HauOOJBIINX TAJaKTHK, HO JOCTATOYHO
HEOOJBIINM, YTOOBI N30€KaTh 3alTyMIICHUS OT
JIPYTHX UCTOYHUKOB, OJIM3KUX K IeNH. [ amakTHKN
HCKITIOYAIIUCh, €CII €CTh coce B mpeaenax 10
MIAKCEJIEH arepTyphl.

To measure the galaxy radii consistently,
we have to avoid several sources of error
that would bias the result depending on
image size. In galaxies with small image
size, the point-spread function (PSF) blurs
the central region, making the galaxy
appear larger than it is. For galaxies with
large images, by contrast, the limit of the
aperture cuts off part of their light, so the
half-light radius can appear smaller than in
reality.

UtoObl H3MEPUTH PAJNYChI TAJTAKTHKH
MOCJIEZI0BATEIbHO, MBI JJOJDKHBI H30€KaTh
HECKOJIbKUX UCTOYHUKOB IIOTPEIIHOCTH, KOTOPBIE
CMECTHJIU OBbI pe3yJIbTaT B 3aBUCIMOCTH OT
pa3mepa u3o0paxeHus. B ranakrukax ¢
HEOOJIBIINM pa3MepoOM U300pakKeHUs (PYHKIIHS
paccesinust Touku (PSF) pactsaruBaer neHTpaabHYyIO
00J1aCTh, U TAJTAKTHKA KaXKeTcs OONbIICH, YeM eCTb.
JUist TanakTUK ¢ OONBIIMMU N300paKeHUSIMHU, B
OTJIMYHE OT TOrO, MPE/IEN aepTyphl OTPE3aeT
9acTh UX CBETa, TAKMM 00pa30M, paJnyC MOIyTbMBI
MOJKET BBITJISAETh MEHBILINM, YEM B
JEHCTBUTEIBHOCTH.

Since we have limited our sample to
exponential disk galaxies, a way to avoid
these errors is to use the slope of the
surface-brightness profile as a measure of
radius. The inner 3 pixels are excluded
from the fit to avoid the effects of the PSF.
However, a simple straight- line fit from
the innermost to the outmost part of a
galaxy exaggerates the importance of the

ITockoabKy MBI OTPaHUYHIINA HaITy BBIOOPKY
9KCIOHEHIMAIBHBIMU JUCKOBLIMU TaJlaKTHKAMH,
crmoco0 n30exaTh ITUX OIIHMOOK - ITO
WCIIOJIb30BaTh NaICHUE TPO(UIIS TIOBEPXHOCTHON
SPKOCTH Kak Mepy paauyca. BuyTpennue 3
MMUKCEJIS HCKIIOUYEHBI U3 TTOATOHKHU, YTOOBI
u36exats 3 dexroB PSF. Ognako, npocras
npsiMasi, POBEJICHHAS OT CaMOU BHYTPEHHEH 10
caMoli BHEIIIHEHW YacTH raJIaKTHKHU,




outermost points, which may include small
companions and have low signal-to-noise.
To avoid this problem, we have taken the
median slope as the measure of the galaxy
half-light radius.

MpEyBEININBACT 3HAUNMOCTh Hanboee
yIAJICHHBIX TOYEK, KOTOPhIE MOTYT BKIIFOUaTh
HEOOJIBIINX KOMITAHBOHOB W UMETh HU3KUI
curHaji-uryMm. Ytoosl n30exarh 3TOH IpoOIeMbl,
MBI B3sUTH METUAHHBIN CKIJIOH KaK Mepy pajnyca
MOJYThMBI TaJIAKTHKH.

Apertures

Anepmypbi

For each sub-sample we measured
magnitudes, radii and then computed the
average surface brightness for a range of
apertures in order to estimate what is the
effect on our measurements of the aperture
chosen. We estimated this behavior from
the trend of the mean values of magnitude,
radii and SB as a function of the aperture.
As the aperture exceeds the radii of the
largest galaxies the above values converge.
We selected the final apertures for each
sample when the mean SB changed by less
than 0.1 magnitudes and the mean radius
by less than 5% in going from one
aperture to the next largest, selecting the
smaller apertures for the final values.

JU1g Ka)K0M O0ABBIOOPKY MBI U3MEPUIIH
3B.BEJINYMHBI, PAJUYCHI U 3aT€M BBIYHUCIWIN
CPEJHIOIO ITIOBEPXHOCTHYIO SIPKOCTH JUIsl UHTEpBaJla
anepTyp, 4YTOObI OLIEHUTh, YTO U3 BHIOPAaHHOMN
anepTypbl BIXAET HA HALLU U3MepeHust. Mbl
OLICHHUBAJIY 3TO MOBEJEHUE 110 TCHACHLIUN CPEIHUX
BEJIMYMH MarHUTY]Ibl, paAnycoB U SB kak ¢pyHKuun
aneptypsbl. [IockosbKy anepTypa NpeBbIIIAcT
paarychl HANOOJBIINUX TATAKTHK,
BBIILICYIIOMSHYThIE 3HAYEHUS CXOAATCA. Mbl

BBIOM A OKOHYATEIIBHBIE allepTyPhl IS KaxX 101
BbIOOpKH, Koraa cpeuss SB u3menunnace MeHble
yem 0.1 mag u cpeqHuil paauyc - MEHbLIE YeM Ha 5
% B IPOIABMKCHUH OT OAHOM anepTypsbl 10
clieayrouiel HanOobIeH, BEIOUpast MEHbIINE
anepTypshl ISl OKOHYATEIbHBIX 3HAYCHHH.

We define SB by this formula: SB=m +
2.5log2 r%), where r is the HLR in arc-
seconds measured by the slope method.
This is not the same as the average SB
within the HLR, but it produces a SB
which can be consistently compared at all
redshifts, independently of image size.

Me1 onpenensiem SB takoii popmyoit: SB=m +
2.5log2 rz), rae r - HLR B cekyHnax ayru
M3MEPEH METOJIOM CKJIOHA. DTO HE TO K€ cCaMoe
kak cpennsisi SB B npenenax HLR, Ho 310
Ipou3BOIUT SB, KOoTOpast MOXeET ObITh
MTOCJIeIOBATEIIbHO CpaBHEHA BO BCEX KPACHBIX
CMEIIEHUSIX, HE3aBUCUMO OT pa3Mepa
H300pakKeHUSI.

ACh_7. In section §1.7 of Weinberg’s
«Cosmology,» the common standard is
made for definition of SB

« B=1IQ =(IIAY(QIA) =£ d;’ I(4n
d,d). (1.7.1)

In traditional cosmology of a Big
Bang the ratio dy/d, is given by the
formula (1.4.12), so
B= (1+2)"(£/4n). (1.7.2)».

[Steven Weinberg, Cosmology, Oxford
University

Press,2008,ISBN: 0198526822 ,Pages:
544

http://ebookee.org/Steven-Weinberg-
Cosmology-Repost-_316827.html ]

AY 7. B paznene §1.7 «Kocmonorum» Baiin6epra
nano HACTOSIIEE onpenenenue SB:
«...O0IIENPUHSATAS TPAKTOBKA COOTHOIICHHUS
KPacHOT'O CMEIIECHHS U CBETHMOCTH JIaeT HEe
3aBUCAIIUN OT MoJienu pe3yabTart (1.4.12):
dp(2)/dy(z) = (1 + 2)?, TaK 9TO TPOBEPKA ITOTO
COOTHOIIIEHHUS MOKET IMOATBEPANUTH HAIIIH
npencraieHus o dg(z).

ITpoBeputsb 310 cooTHOMmEeHUE s d¢,(2)/dy(2)
MBI MOXEM C IOMOIIBIO «TECTAa MOBEPXHOCTHON
SAPKOCTW», JIOBOJbHO JIABHO  MPEJIOKEHHOTO
Tomvenom™®). Ecin £ - abconomnas ceemumocms
MCTOYHHMKA CBETa B pacyeTe Ha CIUHHMILY TUIOMIAIH,
TO 8UOUMAsL c8emMUMOCHb HParMEeHTa MOBEPXHOCTH
mwiomansio A cocraBur | = £A/(4n dy°). Drot
(parMeHT TOBEPXHOCTH CTATHBACT TEJCCHBIN yroj

Q = Aldy’.

Tlosepxnocmuas sipkocme B onpenensiercs
KaK BUJIUMAsi CBETUMOCTh B PacueTe Ha TEJIECHBIN
yroJj, TaKk 4To



http://ebookee.org/go/?u=
http://ebookee.org/Steven-Weinberg-Cosmology-Repost-_316827.html
http://ebookee.org/Steven-Weinberg-Cosmology-Repost-_316827.html

B= 1/Q =(IIA)/(QIA) =£ d\° I(4n dy?). (1.7.1)
B tpagunmonHoy kocmosioruu bosbioro
B3pbIBa oTHOMIEHHE Uy/dy maercst popmynoit
(1.4.12), Tak uto
B= (1+2)"(£/4n). (1.7.2)».

[- Baiin6epr Ctusen, Kocmomorus: M.: YPCC:
Kawmxasii tom «JIMBPOKOMYy, 2013. — 608 c.
Ilep. ¢ anrn. Ilox pen. u ¢ npenuci. 1.4
Apedrsesoit, B.1. Canroka.
http://rutracker.org/forum/viewtopic.php?t=4392536 ]

Measuring the mean SB of the population

Hzmepenue cpeoneii SB cogoxynnocmu

Since there is considerably scatter in the
SB of individual galaxies, we are using the
population mean at each redshift as the
measure of surface brightness. To estimate
the population mean from the sample, we
can’t just use the sample mean. The
samples are «”censored”” in that
unresolved galaxies, whose number is
known, are excluded from the measured
SBs, because their radii are too small to be
accurately resolved. There are two ways to
measure the population mean from a
censored sample. One is to assume that the
minimum radius observable is known, and
use that number to determine the
population mean and variance from the
sample mean and variance. There are a
number of standard statistical methods to
do that (for example, Cohen).

[TockonbKy ecTh 3HaUUTENBHO pa3dpoc B SB
WH/IMBUYaJIbHBIX TTAKTHUK, Mbl UCIIOJIb3YEM
cpeonee 3acenenue B KaXKJIOM KPAaCHOM CMEIIEHUU
KaK Mepy MOBEPXHOCTHOM sIpKOCTU. UTOOBI
OLIEHUTh MAaTEeMAaTUIECKOE 0KUJaHHE BEIOOPKH, MBI
HE MO>XEM IPOCTO UCIIOJIB30BaTh BEIOOPOUHOE
cpeanee. BIOOPKH «4yBCTBUTENBHBD) K TOMY, UTO
HepaspelaeMble TalakTUKH, YUCIO KOTOPBIX
M3BECTHO, HCKITIOYEHBI U3 U3MepeHus SB, motomy
YTO UX PaJAUYCHI SBJISIOTCS CIUIIKOM
HEOOJIBIINMHU, YTOOBI UMETh TOYHOE pa3pelicHHe.
Ectb 1Ba criocoba n3mMepuTh MaTeMaTu4eckoe
OKUJIaHUE YyBCTBUTEIHLHOU BBIOOpKHU. HyXHO
MPENOI0KHUTh, YTO MUHUMAJIbHbIN Ha0II0JaeMblii
panuyc U3BECTEeH, U HCIIOIB30BaTh 3TO YHCIIO JIJIS
OIIpeJIeJIEHUs CPE/IHEE 3aCeNICHUE U TUCIIEPCUH OT
BBIOOPOYHOTO CPEAHETO U Tuctepcuu. Ecte MHOTO
CTaHJAPTHBIX CTATUCTHYECKUX METOOB, YTOOBI
caenarhb 910 (Hanpumep, metoa Kosna).

However, this calculation does depend on
the assumed lowest observable radius and
assumes that all the unresolved galaxies
are smaller than this radius. A simpler
method is to simply take the median SB of
all the galaxies, including the unresolved
galaxies that would otherwise be in the
sample. This method merely assumes that
the unresolved galaxies have SB higher
than the median SB. By using the median,
the method is also less sensitive to
measurement errors in the smallest and
largest galaxies. Like the censored
analysis method, it does assume that the
distribution is approximately Gaussian, so
that the median is a good estimate of the
mean. This is the method that we chose
and in the entire following, median SB is
used in this sense.

OnHako, 3TO BEIYUCICHHUE IEUCTBUTEIIBHO 3aBUCUT
OT MPUHATOTO CAMOT'0 MaJIOTO HAOJIF0aeMOTO
paauyca U MpearnosaraeT, 4YTo BCe HEpa3pelIeHHbIE
rajakTUKHA MEHBIIE YeM 3TOT paauyc. bonee
MPOCTOM METOJ JIOJKEH MPOCTO B35ATh MEJIMAHHYIO
SB Bcex rajnakTHK, BKIOYas Hepa3pelleHHbIE
raJlakKTUKH, KOTOpbIE WHAYe ObLTN OBl B BEIOOPKE.
DTOT METOJI MPOCTO MPEANOIAraeT, 4To y
Hepa3pelIeHHBIX TAIAKTUK €cTh SB BhIlIE, yeM
MenunanHasg SB. [Ipu ucnosib30BaHUN METHAHBI
METOJ] TAKKE MEHEE UYBCTBUTEJICH K
W3MEPHUTEIIBHBIM MTOTPEITHOCTSIM B HAWMEHBIIIUX 1
HauOOJBIINUX TajJakTHKax. Kak 4yBCTBUTENBHBIN
METOJ] aHAJIN3a, 3TO ACHCTBUTEIBHO MPE/IOJIaraeT,
YTO pacrpeaesieHUe SIBISIETCS MPUOIU3UTEIBHO
rayCCOBBIM, TaK, YTOOBI MeIHaHa ObLTa XOpOIIeH
OILICHKOM CpEIHETO 3HAYEHUs. ITO - METOJ,
KOTOPBIH MBI BBIOpasu, U najee meanana SB
WCIIOJIB3YETCSl B ’TOM CMBICIIE.

The statistical error in this estimate is

Craructuueckasi omuOKa B 3TOH OIIEHKE MPOCTO



http://rutracker.org/forum/viewtopic.php?t=4392536

simply (6/N)™>, where N is the total of the
resolved and unresolved galaxies in the
sample and o is the standard deviation of
the population. The standard deviation of
the population can be estimated from that
of the sample by the censored data
methods. For this paper, we simply take as
an estimate of the population ¢ that for the
sample with the largest variance. This
almost certainly overestimates variance,
but gives the most generous analysis of the
models’ fit.

(6/N)", tie N — cyMMapHOE 9HCII0 pa3pelIeHHbIX
Y Hepa3pelIeHHbBIX TAIAKTHK B BRIOOPKE, U G -
CTaH/IapTHOE OTKJIOHEHHE COBOKYITHOCTH.
CrangapTHOE OTKIOHEHHE COBOKYITHOCTH MOKET
OBITH OLIEHEHO 110 CTAaHJAPTHOMY OTKJIOHEHHUIO
BBIOOPKHU METOJaMH YyBCTBUTEIbHBIX JaHHBIX. J{J1st
3TOW CTaTbU MBI IPOCTO OEPEM KaK OLICHKY
COBOKYITHOCTHU G €€ K€ JJIsl BBIOOPKH ¢
HauOoJIbIIEH AUcTIepCUeil. DTO MOYTH HaBEpPHSIKA
CJIMIIKOM BBICOKO OLIEHUBAET IUCIIEPCHIO, HO 1aeT
caMbIil OOITUI aHAIM3 TTOATOHKUA MOJICIICH.

Comparison of observations with the
LCDM model

Cpasnenue nabdnooenuil ¢ mooenvio LCDM

The comparison of the data with the
LCDM model is complicated by the fact
that in expanding-universe models of
galaxy formation, it is expected that the
radii of galaxies with the same absolute
luminosity will grow with time of
formation. Mo, Mao and White (1998)
first showed that the radius of disk
galaxies forming at redshift z should be a
fixed fraction of the size of the dark matter
halo. This in turn is proportional to 1/H(z)
for fixed viral velocity or

H??(z) for fixed mass, and somewhere in
between for fixed absolute luminosity L,
where

CpaBHenue naHHbIX ¢ Mojiesibto LCDM ycinoxxHeHo
(akTOM, UTO B MOJIEIISIX PACIIUPSIOLICHCS
Bcenennoli hopmMupoBaHus TalakKTHKH,
OKUJAETCS, YTO PAUYChI TaJaKTUK C TOMU XKe
camoii abCOTIOTHON SIPKOCTHIO OyaAyT pacTH co
BpemeHu ¢popmupoBanusi. Mo, Mao u Yaiut (1998)
MepBbIE MOKA3bIBAIU, YTO PAUYC JUCKOBBIX
raJIakTHUK, (HOPMHUPYIOMIUXCS B KPACHOM CMEIICHUN
Z, TOJKEH ObITh PUKCUPOBAHHOM YacThIO pa3mepa
rajio TEMHOM MaTtepuu. DTO B CBOIO OYEPE/b
nponioprimoHanbHo 1/H(z) nns hukcupoBaHHOM
BUPHUAIILHON CKOPOCTH UJIN H'2/3(z) JUIS
(bUKCUPOBAaHHON MacChl, U IJIe-TO MOCPETUHE - IS
(uKCUpOBaHHOI a0CONMIOTHOM cBeTUMOCTH L, rie

H(z) = Ho[Qu(1 + z)° + Qu(1 + 2)* +QA]"*
, (D)

H(z) = Ho[Qu(1 + 2)° + Qu(1 +2)" +Qa]"", (1)

where Q,, is the ratio of matter density to
closure density, Q, is the ratio of dark
energy density to closure density and ) is
the curvature parameter, assumed to be
zero for an inflationary universe. Thus the
expectation for observed surface
brightness becomes

rae O, - OTHOIIEHNE IIJIOTHOCTH BEIIECTBA K
IJIOTHOCTH 3aMbIKaHUs, {2 - OTHOIIICHUE
IUIOTHOCTH TEMHOW YHEPTUH K TUIOTHOCTH
3aMBIKaHUA U ()i - TapaMeTp KPUBU3HBI, KOTOPBIH,
KaK TPEIoJararmT, OblI HOJEM IS
uHpasMonHo# Beenennoit. Takum o6pazom,
OKUJIaHHe Ha0Jr01aeMoil MOBEPXHOCTHOM SIPKOCTH
CTAHOBUTCS

SB= SBy- 2.5 10g((Qum(1 + z)” + Qi(1 + z)*
O/ (1+2)°%),  (2)

SB= SBy- 2.5 log((Qu(1 +z)° + Qu(1 + 2)* +Q4)/ (1
+2)),  (2)

for the case of fixed virial velocity. It
should be noted that in the case of (Qn, =1,
Qi = Qp =0), eq. (2) predicts constant SB
and is indistinguishable from the non-
expanding prediction.

Ui crydasi pUKCHPOBAHHOM BHUpUAIbHOU
ckopocTH. Hy>)kHO 0oTMeTUTh, uTO B citydae (i
=1, Qx = Q, =0) ypaBHeHue (2) npeacka3biBacT
MOCTOSIHHYIO SB 1 HEepa3nmuaumo ot
HEpaCIIUPSIIONIET0Cs] MPEeACKa3aHusl.

However, this choice of cosmological
parameters can be excluded on many other
grounds, such as predicting an age of the
universe of 9 Gy. In contrast, in the case of
the concordance LCDM cosmology
0Q,=0.3, =0, Q,=0.7, the predictions

Opnako, 3TOT BBIOOP KOCMOJIOTHYECKUX
napaMeTpoB MOXKET ObITh UCKIIIOUEH Ha MHOTHX
JIPYTUX OCHOBAHUSX, TAKUX KaK MpeJICKa3aHue
Bo3pacta Beenennoit 9 Gy. Hanpotus, B ciyuae
cootBeTcTBUsI LCDM kocmonorus Q,=0.3, =0,
Qx=0.7, mpencka3zaHus OTIMYAIOTCS OUYEHb




differ very significantly from those of the
non-expanding model. If low-z SB values
are assumed to be equal for the expanding
and non-expanding models, the difference
between their predictions for SB at high z
is 1.3 magnitudes. However, it should be
noted that the if the ENE and LCDM
predictions are plotted together (see Figure
2) the curves become nearly parallel at
high z. This means that only a study that
compares SB at high and low z can
differentiate between the models.

3HAYUTENIBHO OT TAKOBBIX M3 HEPACHIUPSIOLIEHCS
mozenu. Eciu 3nauenus SB 6:m3kux 00bEKTOB,
KaK MpeJroaraercs, paBHbl U1 MOJIENen
pacIIupeHus U HepacIIuPEeHUs, TO Pa3HOCTb MEXIY
npeacKazaHusIMu st SB 1t nanekux 00beKTOB
paBHa - 1.3 mag. OnHako, Hy»HO 3aMETHUTb, YTO,
eciu npenckazanust ENE u LCDM pacnonoxuThb
BMecTe (cM. PUCyHOK 2), TO KpUBBIE CTaHOBSTCS
MOYTH MMapaJUICIbHBIMU JUTsl OONBIIHNX Z. DTO
03HA4aeT, YTO TOJIBKO U3Y4YEHHE, KOTOPOE
cpaBHUBaeT SB ¢ OOJIBITUMU U MAJIBIMU Z, MOXKET
HaWTU pa3Inyue MEXay ITUMU MOJIEIISIMH.

Ach_8. A formula of the distance module
in AB magnitudes for LCDM model is not
given in the article. Its values are only
been plotted in a Fig.1 at Qy=0.26, Q=0
and Q,=0.76.

AY_8. B craTee He ipuBeaeHa HopMysia MOy
paccrosinus B BenuunHax AB mis monenu LCDM
npu Q=0.26, Q=0 u Q,=0.76, koOTOpas OTpakeHa
Ha Puc.1.
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Figure 2. The predicted observed SB for the
LCDM model with galaxy size evolution
plotted against redshift. For the ENE model
the prediction is a horizontal line, as SB is
predicted to be constant. Note that at z>1.5,
LCDM also predicts a nearly constant
observed SB, so a comparison of galaxies at
high and low z is essential to differentiate the
two models.

Puc.2. [Ipenckazannas HaOmomaemast SB s monenu
LCDM c sBosmrorueit pasmepa ratakTHK HaprCOBaHA B
3aBHCHMOCTH OT KpacHOro cMmeuenus. s moaenu
ENE Oynet ropuzoHTagbHast TUHHAS, TOCKOIBKY SB
MpeACcKa3ana MOCTOSHHON. 3aMeThTe, uTo Tipu z>1.5,
LCDM Taxoxe npecKa3bIBaeT, HOYTH KOHCTAHTY
Habmronaemoit SB, TakuM 00pa3oM cpaBHEHHE TANAKTHUK
OJTM3KHX ¥ JAIEKHX SIBISIETCS CYIIECTBEHHBIM, YTOOBI
v depeHIpoBaTh 3TH JIBE MOJICIIH.

We show the results for all samples in
Table 1. We show here the number of
unresolved galaxies, total galaxies, median
SB, the predicted SB from the best fit of
the LCDM model, observed minus
predicted values and the y*, using a o of
1.27 mag, derived from the nuv-B sample.
The fit assumes that the FUV and NUV
SB are the same at a given z, but fits with
different FUV and NUV values are little
different.

MpI oKa3pIiBaeM pe3yabTaThl ISl BCEX BHIOOPOK B
Tabmure 1. MbI moka3siBaeM 3/1€Ch YHCIIO
HEpa3pEUICHHBIX TAIAKTUK, BCEX TAJIAKTHK,
Meauany SB, mpenckasannas SB o metony
Hauydiero npuomnkenus mojenn LCDM,
Pa3HOCTh HAOJFOTaeMBIX U TIPEICKa3aHHBIX
3HAYEHUU 1 Xz’ ucnons3ys 6= 1.27 mag,
BbIBEZICHHOMN U3 BbIOOpKH nuv-B. [Tonronka
npeanonaraet, yto FUV u NUV SB - ogqunakoBbie
B JIAaHHOM Z, HO TIPUOJIM>KEHUS ¢ PA3THIHBIMHU
3HadyeHuamMu FUV u NUV HeMHOro otnnyarorcs.

As can be seen from the y°, the LCDM
model is a very poor fit to all the data,

Kak MmoxeT OBITh 3aMEY€EHO 10 Xz, monens LCDM -
OYCHB IIJIOXO0 MOATIOHACTCA KO BCEM JAaHHBIM, C




with a formal probability of 10™'* or 9
sigma. This is clearly the result of the
difference between the GALEX points and
the HUDF points, as is clearly shown in
Figure 3, which plots the difference
between observations and the LCDM fit
against z. Relative to the LCDM
predictions, the points at low z are about
1.2 magnitudes/arsec” too dim or, to put it
another way, the galaxies are 1.7 times too
large, as compared with the high-z
samples. If only the HUDF points are fit,
the y* drops to only 6.88, clearly a good
fit, and the predicted low-z SB is 23.32
magnitudes/arsec’, instead of the observed
24.5 magnitudes/arsec’.

dopmanbHoit BepositHocThI0 10 1t 9 curm. Do,
OUYEBUJIHO, PE3YIBTAT PA3TUIUI MEXKAY TOUKAMU
GALEX u HUDF, kaxk sicHo noka3aHo Ha Puc.3, Ha
KOTOPOM pa3MelIeHbl Pa3HOCTU MEXTY
HaOmoaeHusMu 1 noaronkoi LCDM B
3aBUCHUMOCTH OT Z. OTHOCHTENBHO MpeacKa3aHuil
LCDM, Touku npu MaibIX zZ NpUOIU3UTEIBHO HA
1.2 mag/arsecz, CIIMIIKOM TYCKHEE, UJIH,
BBIPXKAsCh MHAYE, TAJIAKTUKHU SBJISIOTCS CIIUITKOM
OompiuMu - B 1.7 pasa, o CpaBHEHHUIO €
BBIOOpKaMu ¢ OonbiuMu z. Eciiu moaroHsaTh
tTosbKO Touku HUDF, Xz crmagaeT TOJIBKO J0 6.88,
OYEBHTHO - XOPOIIIask MOJATOHKA, HO MpeACcKa3aHHas
SB 15t Manbix z Gyzer 23.32 mag/arsec’, BMECTO
HamogaeMbIx 24.5 mag/arsec’.

Table 1 Comparison of LCDM model
with observation.

Ta6amna 1 CpaBaenue monenu LCDM ¢
HaOJIIOICHUEM.

sample| z N N [ Med | pred diff %2
unres | tot SB

fuv 0.04|0.04 6 36 24.46 23.72007 0.739928 12.31

fuv0.1 |01 13 38 24.55 23.65721 0.892791 18.93

fuv-B  |203 5 39 20.65 21.36893 -0.71893 12.59

fuv-V |3.13 3 54 19.96 20.41219 -0.45219 6.9

fuv-i  |4.34 3 26 19.35 19.59413 -0.24413 0.96

fuv-z |5.18 6 21 18.94 19.1241 -0.1841 0.44

nuv0.1]01 15 75 24.53 23.65721 0.872791 35.7

nuv-B [1.05 1 23 2231 22.46881 -0.15881 0.36

nuv-V [1.83 1 26 21.19 2157241 -0.38241 2.37

nuv-i |2.77 3 52 20 20.69836 -0.69836 15.85

nuv-z (332 2 41 19.91 20.27009 -0.36009 3.32

1 *

0

1

0 1 2 3 4 5

Figure. 3 Summary of surface brightness
comparison with LCDM model. The
difference between observed SB and best
LCDM fit in magnitudes/arsec” is plotted
against redshift z.

Puc.3. toroBoe cpaBHEHUE MOBEPXHOCTHOMH SIPKOCTHU C
monenpio LCDM. Paznocth Mexay HaOmomaemoi SB u
nyuimm npuGmmkennem LCDM B mag/arsec?,
HapUCOBaHa B 3aBUCUMOCTH OT KPACHOTO CMEIICHHUS Z.

This prediction was derived using eq. 6,
based on 1/H(z) size evolution for fixed
virial velocity. However substituting a H’
23 (z) size evolution for fixed mass or
anything in between these two formulas
would make the predicted size evolution
smaller and therefore would make still
worse the disagreement between

DTOT NPOTHO3 OBLT BBIBEJICH, HCTIONB3YS YVP.O,
OCHOBaHHOM Ha »Bomtonuu 1/H(z) pazmepa ans
(buKCUPOBaHHOM CKOPOCTH BUpHana. OIHaKO
noxpasymeaemast H>(z) sBomrorust pasmepa st
(bUKCUPOBAHHOM MACCHI WIIH YTO-JINO0
MIPOMEKYTOYHOE MEKY STUMHU PopMyIaMu
caenany Obl Mpe/ICKa3aHHYIO SBOJIIOLMIO pa3Mepa
MEHBIIEH U ITO3TOMY CHAEJIAIOT CIIE XYKe




prediction and data.

HCECOOTBECTCTBUC MCKIAY NNPCACKA3aHUEM U
JaHHBIMH.

Comparison of observations with ENE
model

Cpasnenue nadnwooenuti ¢ mooenvio ENE

We next compare the data with the ENE
model. Table 2 summarizes the
comparison samples and the measurement
of their median surface brightness. Here,
the comparison is simpler, since the ENE
prediction is a constant SB. The columns
give unresolved galaxies, total number of
galaxies, median observed SB, and the xz,
determined based on the best fit to a
constant SB, which is 24.75. Figure 4 plots
observed median SB against z.

Mpbl 3aTeM cpaBHUBaeM AaHHbIe ¢ Moaenbio ENE.
Tabnuia 2 TOJBOAUT UTOT CPAaBHEHUS BEIOOPOK U
M3MEpEeHUs X MEJMaHHON OBEPXHOCTHOU
SIPKOCTH. 3/1€Ch, CPaBHEHHE 0oJiee MPOCTO,
nockosibky ENE nipenckasbiBaeT nocTosiHHy0 SB.
Cro0IIbI Jar0T Hepa3pEIICHHbBIE TATaKTHKH,
o01iee KOJTMYECTBO rajJakTUK, HAOI0JaeMy10
Menuany SB, U y°, OIPENeICHHOM Ha OCHOBE
METO/Ie HAWTy4IlIero NpuOIMKEHUs K TOCTOSTHHOU
SB, koropas siBnsiercs 24.75. Puc.4 noka3siBaeT
HabJr01aeMyto Meuany SB B 3aBUCHUMOCTH OT Z.

For the data as a whole, the ENE model is
a significantly better fit than the LCDM
model. The ratio of y* for LCDM to that
for ENE is 4.85, which for 10 degrees of
freedom in each set has a formal
probability of existing by chance of 1%.
However, for the data as a whole, the ENE
model is also not an acceptable fit, since
the y* of 22.60 also has only a 1% chance
of resulting from a constant SB. The
unacceptability of the fit is entirely due to
the two highest-z points. For the z range
from 0.03 to 3.5 the y* of 12.84 is an
acceptable fit for 8 degrees of freedom.

Jns manubpIx B nieaoM, Mojieinb ENE - 3HaunTenbHo
Jyduie MoAXOAUT, ueM Mozeinb LCDM.
OrHonieHue xz s LCDM, k XZ g ENE 4.85, uto
s 10 cteneneit cBOOOIbI B KXKJOM MHOKECTBE
nMeeT (popMaIbHyI0 BEPOSITHOCTD CIIy4aitHOTO
cymectBoBaHus 1%. OnaHako, 1715 JaHHBIX B
uesioM, Moaenb ENE - Takke He mpuemiiemast
IIOATOHKA, IIOCKOJIbKY Y X2 = 22.60 Taxxe ecTb
TONBKO 1%-bIii IAHC COOTBETCTBOBATH
noctostHHOM SB. HenmpuemiaemMocTs 3TOM NOATOHKU
MOJTy4Y€Ha TIOJTHOCTHIO M3-3a ABYX CaMbIX aTbHUX
touek. [ nuanazona z ot 0.03 go 3.5 x2 12.84
SIBJIAETCS IPUEMIIEMON MTOATOHKOM 11 8 cTeneHei
CBOOO/IBI.

Table 2. Comparison of ENE model with
SB observations

Taouuna 2. CpaBaenne moaenu ENE ¢
HaOmoneHuamu SB

Sample | z [ Nunres [Ntotal [ medSB | 2 |

fuv 0.04 | 0.04 6 35 2458  0.708750
fuv 0.1 | 0.10 13 53 25.04  2.597000
fuv-B 2.03 5 44 2451 1.718750
fuv-V | 3.13 3 91 24.58 1.842750
fuv-i 4.34 3 67 25.12  5.427000
fuv-z 5.18 6 17 25.25  2.551062
uv0.1 | 0.10 15 85 2489  0.897812
nuv-B | 1.05 1 28 24.48 1.372000
nuv-V | 1.83 1 37 2451 1.445313
Nuv-i 2.77 3 83 2450  3.506750
nuv-z 3.32 2 70 2487  0.529375

26

25 32

24

0 1 2 3 4 5

Figure 4 Observed median SB against
redshift. The ENE model predicts a constant

Puc.4. Habmronaemas Mmenuada SB B 3aBUCHMOCTH OT
kpacHoro cMemeHus. Monens ENE npencka3biBaet




SB.

TTOCTOSTHHYIO SB.

It is also important to note that, using the
ENE analysis, there is a statistically
significant difference between the SB of
the GALEX samples at z=0.1 and that at
z=0.04. Indeed, the difference between the
low and high z samples from GALEX is
almost the same as the difference between
the bulk of the HUDF samples and the two
high-z points. Since in both the cases of
z=0.1 and z=4-5 the median radius of the
sample is relatively close to the resolution
of the telescope (less than a factor of 2
bigger) while in all the other cases, there is
a greater gap between the median and
smallest observable radius, we suspected
that the 0.5 magnitude difference could be
due to overestimation of the radii of
galaxies with relatively small image sizes.
This could be due to, for example, the
inclusion in the small-image-size samples
of galaxies that are actually multiple and
which would be resolved and excluded
from the sample if the images were larger
relative to the resolution or the pixel size.
We have not been able to confirm this
hypothesis as yet.

Taxxe Ba)KHO 3aMETUTbh YTO, UCTIOJIb3YS aHATIU3
ENE, ecTb cCTaTUCTHUYECKH CYILLIECTBEHHAS pa3HULIA
mexy SB Beibopoxk GALEX mipu z=0.1 u ipu
7z=0.04. [IeliCTBUTEIBHO, PA3HOCTb MEKY
BBIOOpKaMU ¢ MajibIMU U O60sbinMu zZ 3 GALEX -
MIOYTH TaKas >ke, KaK pa3HOCTb MEXy OObIIeH
yactbto BeIOopok HUDF u nBymst Toukamu Ha
6onpmnx z. [Tockonbky u B ciayvasx z=0.1 u B z=4-
5 MeauaHHbIN pagyc BBIOOPKH OTHOCUTEIBHO
OJIM30K K pa3peleHHIO TeJIecKona (MEeHbIIe YeM
ko3¢ duLreHT 2 i O0JBIIET0), B TO BpEMs Kak BO
BCEX JPYTUX CIIydasiX eCTh OOJBbIINI MPOMEKYTOK
MEX/1y MEIMaHHbIM U HAUMEHBIINM
HaOJII0AaeMbIM PaInyCOM, MbI II0JJ03pEBAIIU, YTO
0.5 mag pa3HOCTH MOTJIM OBITH U3-3a TIEPEOLICHKU
paznycoB rajlakTUK ¢ OTHOCUTENILHO HEOOIBIINMHU
pasmepamu n300paxeHus. ITO MOTJIO ObITh U3-34,
HanpuMmep, BKIIOUEHHsI B BIOOpKax HEOOIbIIOrO
pa3mepa n300paKeHUs TaJTaKTHK, KOTOPbIE
SBJIAIOTCS (PAKTUYECKH KPATHBIMHU U KOTOpPbIE OBbLIH
OBl pelIeHbl U UCKITIOYEHBI U3 BEIOOPKH, €CITU OBl
n300paxeHus ObUTM OOJIBIIUMU OTHOCUTENIBHO
paspeleHus WIK MUKCEIbHOro pazMepa. Mbl 1oka
ele He CIOCOOHBI MOATBEPAUTD ATy TUIIOTE3Y.

However, if all the low-resolution points
are removed (those with a small gap
between the telescope resolution and the
median observed radius) there is a
remarkable constancy of SB, with a x* of
4.39 for 6 degrees of freedom.

OnHako, ecii Bce TOYKH HU3KOTO pa3perieHus
yAATUTH (T€X ¢ HEOOIBIIUM MTPOMEKYTKOM MEXKITY
paspenieHrneM TeJIeCcKomna U HaOJIIo1aeMbIM
MEJMaHHBIM PaTUyCcOM), TO €CTh 3aMeYaTelbHOE
MOCTOSHCTBO SB, ¢ x2 =4.39 nna 6 creneHen
CBOOOIBI.

4. Conclusions and open questions

4. 3ak/109eHHs M HEepelIeHHbIe BONMPOCHI

The facts that the predictions of the
LCDM model are so far from fitting the
data and that the ENE model is much
closer to the data are not at all the results
that one would expect from the
widespread acceptance of the LCDM
model. The results point in the same
direction as the earlier result of Lerner,
which is to pose a severe challenge, at the
least, to the LCDM model and, in fact to
any model that explains the Hubble
relation from the expansion of the universe
and points to the possible viability of the
ENE model. However, this conclusion
must be seen as preliminary and tentative,
and some open questions must certainly be
answered before definitive conclusion
scan be drawn on the Tolman test of the

®axTsl, uTo Mporuo3sl Moaenu LCDM noka
JAJIeKA OT COOTBETCTBHUSI IaHHBIM U YTO MOJEIIb
ENE mamuoro Oimxke K JaHHBIM, BOBCE HE
SIBJISIFOTCSA TEMH pe3yJIbTaTaMH, KOTOPBIE MOKHO
OBLIO OBl OKUAATH OT IIUPOKO PACIIPOCTPAHCHHOTO
npussaTusa mojienu LCDM. Pe3ynbTarhl yKa3bIBalOT
B TOM JK€ CaMOM HalpaBJIeHUH, KaK U OoJee
paHHU# pe3yabTat JIepHepa, KOTOPBIi JOJKEH
MOCTaBUTH CEPHE3HYIO PO0IeMy, 10 KpaitHen
Mmepe, k Moaenu LCDM u, paktuuecku K 11060
MOJIETH, KOTOpasi OOBSACHSIET COOTHOIIeHHE Xa00ma
pacuiupenreM BceneHHOH, U yKa3bIBaeT Ha
BO3MOKHYI0 )ku3HeHHOCTh Mojienu ENE. Onnako,
3TO 3aKJIFOUYECHHE JTOJKHO pacCMaTpUBAThCS, KaK
MpeIBapUTENIbHOE U MTPOOHOE, U HYKHO, KOHEUHO,
OTBETUTh HA HEKOTOPBIE HEPEIIEHHBIE BOIPOCHI
nepes KaTeropudecKuM BBIBOJIOM, KOTOPBIM MOXKET
CJIeI0BATH Nocye Tecta TonMeHa i TUX IBYX




two models.

MOJICIIEN.

In the case of the LCDM model, the
failure to fit the data is due entirely to the
difference between the GALEX and
HUDF SB measurements. Since there is
no data in the data sets we have used
between z=0.1 and z=0.9, it is reasonable
to ask : what happens in this gap? If there
are datasets that cover all or most of this
redshift region, in which the predictions of
the two models are widely divergent, this
could be an additional convincing test of
the LCDM model.

B cnyuae mogenn LCDM HEBO3MOXKHOCTD
ITOATOHKH JTAHHBIX MOSBIIETCS MOJHOCTBIO U3-3a
paszHoctu Mexay usMepenusimu SB B GALEX n
HUDF. IlockonbKy HET HUKAKUX JAHHBIX B
Habopax JaHHBIX, KOTOPBIE MBI HCIIOJIb30BAIIN
Mexay z=0.1 u z=0.9, To pe30HHO CITPOCUTH: YTO
MIPOUCXOAUT B 3TOM IpoMexxyTke? Ecnu ecth
HaOOPBI JaHHBIX, KOTOPBIE MOKPHIBAIOT BCE WU
OO0JIBIIYIO YacTh 3TOM 007IaCTH KPaCHOTO
CMELIEHUs, B KOTOPOU MPEACKA3aHUs ITUX JBYX
MOJIETIEH CHITBHO PacXOMASTCS, 3TO MOTJIO OBl OBITh
JIOTIOJTHUTEIHHBIM yOEIUTENbHBIM UCIIBITAHUEM
monenu LCDM.

In fact the GEMS data set could provide
such an additional test. The GEMS data
set covers a region 75 times large in area
than HUDF, so it allows significant
sample sizes for very bright galaxies at
much lower redshift than HUDF. Two
images were taken, one in the z -band and
the other in the V-band. It should be
possible to use these images to compare
the SB in the rest-frame B-band at z=0.9
with that at z=0.4, thus filling in most of
the gap between HUDF and GALEX.
(Lopez-Corriodora has used this same data
set for a test of the angular-radius-redshift
realtionship). We intend to do this.

®daktruecku Habop naHHbIX GEMS mor 61
CHAOIUTH TAKOE JIOTIOJTHUTEIHLHOE UCTIBITAHUE.
Hab6op nanueix GEMS nokpeiBaet 06s1actb, B 75
pa3 Ooubiyto no o, yeM HUDF, takum
00pa3oMm, 3TO MO3BOJIIET UMETh CYIIECTBEHHbIE
00BEMBI BEIOOPKU JIJIsl OYEHB SIPKHUX TaJIAKTHK B
HAaMHOT'O MEHBIIIEM KPAaCHOM CMEILIEHUHU YeM
HUDF. JIBa u3o0pakeHust ObUTH B3SThI, OJIUH B Z -
JMana3oHe u apyroi - B V-guamnazone. J[okHO
OBITH BO3MOKHBIM HCIIOJIB30BATh 3TU
n300pakeHus1, YTOOBI CPaBHUTH SB B
HETOABMXKHOM cucTemMe oTrcyeTa B B-quanazone
nipu z=0.9 ¢ Takum xe nipu z=0.4, TakuM 00pa3om,
3armoHsIsl B OOJIBIIEH YaCTH MPOMEKYTOK MEKITY
HUDF u GALEX. (JIonec-Koppuonopa
HCIIOJIb30BaJI 3TOT K€ HA0Op JaHHBIX JUIS
MIPOBEPKHU CBSA3H YIIIOBOTO paJNyca U KpacHOTO
cMmenieHus). Ml HaMepeBaeMcsi IPOJeNIaTh 3TO.

Second, for the ENE model, there remains
the question of whether the small images
are mismeasured, a result which would
also have some effect on the LCDM
analysis. A more through analysis of the
change in SB with z in the GALEX
sample should shed light on this question,
and will be pursued in the future.

Bo-BTopsix, miist moaenu ENE, Tam octaercs
BOIIPOCOM, TIPABWIILHO JIK CYUTATH HEOOIBIITNE
M300paKeHUsI HEU3MEPSIEMbIMH, PE3yIIbTaT,
KOTOPBIN TaK)Ke UMeEN ObI HEKOTOPBIN Y (heKT Ha
ananu3 LCDM. B Gonbineit ctenenu yepes aHam3
m3menenus B SB ¢ z B GALEX Bri6opkax qoimkeH
MIPOJIUTHCS CBET HA 3TOT BOIPOC, U OH OYyJEeT
paccieoBaThCsi B Oy IyIIeM.
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brazooaprocms. ABTOp XenaeT modIaro apuTh
Penaro ®anomo u Pukkapao Ckapna 3a 60J1b110#1
BKJIaJ B aHAJIHU3 dTUX JaHHBIX.
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