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[Mpeapar JoBaHoBUh
AcTpoHoMcKa oncepBaTtopuja beorpaa




1) TamHa maTtepumja (TM) kao jegHo o npeasuhama onwte Teopuje penatnsHoctn (OTP):
* KaKo M 3allTOo je yBedeHa
e xunotesa o xanoy TM
e aeTekuunja nomohy crnabux rpaBUTaLMOHUX COYMBa
e aHOManwuje y pacrnogenu n konndnHn TM Ha ranakTu4kum ckanama
« anTepHaTtuBe TM y oOnunky mogndukosaHe AMHaMuUKe U rpaBmTaunje
2) f(R) Teopuje mogmudukosaHe rpasutaumje (MI):
* R" u rpaButaumja ca Yukawa ynaHom
* nopehemne ca npegsuhawuma OTP
3) Pesyntatu y okBupy npojekta 176003:
* aCTPOHOMCKa TecTupara Teopuja MI" y anpokcumaumjmn crnabor norba
« 0obOjaBrbLeHU pesynTaTu:

1) TecTnpawe Teopuja Ml nomohy actpomeTpujcknx nocmartpara opbute S2 3Besge
oko cynepmacusHe upHe pyne (CMLUP) y ueHTpy MnedHor nyTa

* HOBW pe3ynTaTu:
2) orpaHunyera 3a Macy rpaBuToHa u3 dputoBaHux opbuta S2 3se3ge y Yukawa MIT
3) objawere eMNUPUjCKUX penaumja 3a ranakcmje nomohy MI

* (oyHOameTarnHa paBaH enUNTUYHUX ranakcuja

« BapuoHcka Tann-duwepoBa penaumja cnupanHux ranakcuja

4) 3aKkrbyuum

22.03.2016 Mpegpar JosaHoBWh 2




1. XnagHa tamHa matepwmja (TM)

« XnapgHa TaMmHa maTtepuja: caumtaBa 5/6 yKynHe mace
KOCMOCa W cacToju ce o HebapnOHCKMX crnabo nHTepa-
ryjyhrux MacuBHUX YecTuLa Koje ce kpehy cnopnjeoacun 4 Lot
camo nopg ytuuajem rpasutauuje (WIMP-oBw)

e ®puy LUBuku je 1933 yseo TepmunH TM (“dunkle Materie”)
Kaga je NpuMeHno BUpujanHy Teopemy Ha 8 ranakcuja us
ranakTudkor jata Koma 1 Halwuao ga oHO nma BuLle
CTOTUHa nyTa BeNy Macy Hero WTOo ce MOXe BUAETN Y
00nuKy cjajHmx ranakcuja (Zwicky, 1933, HPA, 6, 110)

e JaH OpT pasmaTtpao noctojarwe TM jow npe LiBuknja

 Bepa PyouH je 70-nx rogmMHa npowunor Beka gana npee
jacHe nocmartpadke nHauuuje o NocTojary TaMHe
MaTepuje Ha OCHOBY aHanunae opbutanHux 6p3nHa Koa

Dark Energy

Ctpyktypa kocmoca no ACDM

Velocity

Rotation Yelocity km per sec

Distance

5 1o 5w 2w [anakTnyko jato Koma (Coma

R kpo

Sofue & Rubin, 2001, ARA&A, 39, 137 Berenices, Abell 1656)
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Xunote3a o xaony TM

« PaBHe poTaLMoHe KpuBe Koz ol ]
cnupanHux ranakcuja:
nocmaTtpaHe KpyxHe bp3nHe
He onagajy ca pacTojaHeM,
Kao LITO TO npeasuha
Teopwuja, Beh ocTajy
NPUBMMKHO KOHCTaHTHE 360r
gonpuHoca TM koja je
pacnopeneHa y raniakTuykom
xanoy

S 2dF Galaxy Redshift Survey

NGC 6503

| | | | | 1 1 1 | | | 1 1 1
OO 10 20 30

~_Radius pc)

« TM, no ACDM, uMa KrbyuHy ynory npu chopMuparby 1 pacTy BENMKUX CTPYKTYDa jep
Ha Kby He Oenyjy cune Koje bu ce cynpoTcTaBune rpaButaumoHoj LiInHcoeoj
HeCTabuMHOCTU Koja je Y3pOK HaCTaHKa KOMMaKTUX CTPYKTypa

22.03.2016
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TM Kao jegHo y HU3y npeaBuharwa OTP

1 8rls
« OTP: S:/ [534_;:%] —gdiz = R, _EQ'#HR: ?TTT#H = GJu =
K .

= rpaBWTaLMOHM NOTEHUMjan y anpokcumaumju cnabor norba:; goo =~ —(1 + 2P)

« OpObutanHa npeuecwuja:

e M

c? a(l —e?)
Table 4. Additional perihelion precessions
from observations of planets and 19 spacecraft.

Mercury | Venus | Earth | Mars
42.98 | 8.62 | 3.84 | 1.35

Ap =

 LUpHe pyne:
Planets 7T o /7T « CMLUP y jesrpuma BehuHe ranakcuja,
(mas yr~!) YKIbYYVivhn n Mneynu
Mercury —0.020 + 0.030 1.5
Venus 0.026 + 0.016 0.62
Earth 0.0019 £ 0.0019 1.0
Mars —0.00020 £ 0.00037 1.9 |
Jupiter 0.587 + 0.283 0.48 Gy Mem=en
Saturn —0.0032 + 0.0047 1.5 \V/4
Pitieva & Pitjev, 2013, MNRAS, 432, 3431 Singularity
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Inspiral Merger Ring-
down

s s

Ocuunauunje KpUBUHE NPOCTOP-BPEMEHA KOjE Ce LUMpe Kao
Tanacu

1.0 - -

10—21)

. . - 0.
« Hacrajy ycnepg ybpsarwa macnsHux objekata S.05
]
M ? . -L.0 T —Numerical relativity 7
* Vida3nBajly putMmnyHe npomMeHe pactojarba X ca o Reconstructed (template) | ]
amnnutygom h: h =0x / x Sosf ‘ ' ' €
= Black hol i <43
. B e 138
* [paBUTOHU ce Kpehy DP3NHOM C 1 HEMaAjy Macy MUpoBaHa  £%| 118
3 E 1 1 1 L 1o @
— - . . _ 0.30 0.35 0.40 045
The Gravitational Wave Spectrum Time (s)
Quantum fluctuations in early universe Halnford' Walshmgtonl (H1) . lellngston, !.omslanal (L1) i
Binary Supermassive Black B 1
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"
8 Compact Binaries in our
S Galaxy & beyond B B
O : ‘10 B —H=— r\..-e -
) Compact objects b | | L T h11 ?1::?:1 (shifted, inverted) | |
captured by Rotating NS, 2 T T T T T T T T
Supermassive Black Supernovae }':' 1.0¢ ” r
¢ Holes . 5 'w 0.5 \ A |‘|| 4k Mfl .
. ageo s |
wave period uiiverse years hdlire ol b A 0.0 aasts II | || ‘uﬂy\ﬂf g “Wu;\/‘\—v—
0.5 lvl u — u -
__ I I I - .-10 H — Numerical relativity U — H — Nurmerical relativity |
Reconstructed (wavelet) Reconstructed (wavelet)
IOngrequenCy) -16 -14 -12 -10 -8 -6 -4 -2 0 +2 e Reconstructed (template) i i W Reconstructed (template) | 1
— e — D — = 05 [~ T T T T=F T T T ™
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48 polarization 2 — Ewhuse] \ | || (= Residuat 1 1 l )
9 | 512 E
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(=) L 256 =
3 65
E 128 3 E
o 64 5 =
. . o
LIGO & Virgo Collaborations, |~ s e -
201 6 PRL 1 16 061 102 0.30 0.35 0.40 0.45 0.30 0.35 0.40 0.45 =
’ ’ ’ Time (s) Time (s)
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[‘paBuTaLuMoOHa coymBa

Yrao caBujara 3paKka CBeT/NOCTU Y rPaBUTaLlMOHOM MNOJbY 2GM
1. JoxaH l'eopr coH 3onaHep (1804) - nyTara YyecTmue bp3vHe ¢:. & = —;
4GM c’é

2. Anbept AjHwTajH (1915) - OTP: O = --

c’&E

* MNoTnyHo nompayewe CyHua 1919: B

1)Hema caBujatba cBeT/1I0CT: 0 =0 « Aptyp EgumHrToH - notepaa

2)HbyTHOBa MexaHuka: a = 0".87 AjHWTajHOBOX NpeaBunama:
3)OTP: a = 1".75 a,=1"98+0"12 u a,=1"6120".30
22.03.2016 Mpeopar JoBaHoBuh 7



OeTtekuunja TM nomohy cnabux rpaButTauMoHUX co4YMBa

Deflector

Cnaba rpaBuTaunoHa
coyuBa: jeauHu MeToq 3a
OVPEKTHY aetektuujy TM

22.03.2016



[lpocTOpHa pacnogena BuajbuBe n TaMHe Mmartepuje

Visible (BaryonigyMaftr : o Dark Matter

Distribution of Visible and Dark Matter - Cosmic Evolution Survey
Hubble Space Telescope « Advanced Camera for Surveys

MNASA, ESA, and R. Massey (California Institute of Technology) STScl-PRCO7-01b
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"anakTu4ko jato 1E 0657-558 ("Bullet cluster"):
AoKa3 nocrojakba TM

THE ASTROPHYSICAL JOURNAL, 648:L109TL1 13, 2006 September 10

© 2006. The American Astronomical Society. All rights reserved. Printed in U.S.A.

A DIRECT EMPIRICAL PROOF OF THE EXISTENCE OF DARK MATTER'

DouGLAs CLOWE,” MARUSA BRADAC,” ANTHONY H. GONZALEZ,* MAXIM MARKEVITCH,°

ScoTrT W. RANDALL,” CHRISTINE JONES,” AND DENNIS ZARITSKY"
Received 2006 June 6, accepted 2006 August 3, published 2006 August 30
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CynpoTtaH npumep: ranakTn4ko jato Abell 520

« Takohe cyoap ranakTu4ykmnx
jaTta anu ce, 3a pasnuky oa
1E 0657-558, ueHtap mace
TamMHe martepuje nokrana
ca LLeHTpOM mMace
bapunoHcke maTepuje

THE ASTROPHYSICAL JOURNAL, 668:806—814, 2007 October 20

(© 2007. The American Astronomical Society. All rights reserved. Printed in U.S.A.

A DARK CORE IN ABELL 520

ANDISHEH Manpavi, HENK HOEKSTRA, ARIF BABUL, AND Davip D. BaLam
Department of Physics and Astronomy, University of Victoria, Victoria, BC VW 3P6, Canada

AND

PeTER L. CAPAK
California Institute of Technology, MC 105-24, 1200 East California Boulevard, Pasadena, CA 91125
Received 2007 February 10; accepted 2007 June 18
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THE ASTROPHYSICAL JOURNAL. 758:128 (16pp). 2012 October 20

© 2012. The American Astronomical Society. All rights reserved. Printed in the U.S.A

ON DARK PEAKS AND MISSING MASS: A WEAK-LENSING MASS RECONSTRUCTION
OF THE MERGING CLUSTER SYSTEM A520*1

DouGLAs CLOWE!, MaXxiM MARKEVITCHZ, MARUSA BRADAG?, ANTHONY H. GonzALEZ?, SUN M1 CHUNG?,

RICHARD MASSEY’, AND DENNIS ZARITSKY®
! Department of Physics and Astronomy, Ohio University, 251B Clippinger Labs, Athens, OH 45701, USA; clowe @ohio.edu
* NASA Goddard Space Flight Center, Code 662, 8800 Greenbelt Road, Greenbelt, MD 20706, USA
3 Department of Physics, University of California, One Shields Avenue, Davis, CA 95616, USA
4 Department of Astronomy, University of Florida, 211 Bryant Space Science Center, Gainesville, FL 32611, USA
5 Department of Physics, Durham University, South Road, Durham DH1 3LE, UK
® Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA
Received 2012 May 8; accepted 2012 September 4; published 2012 October 8

ABSTRACT

Merging clusters of galaxies are unique in their power to directly probe and place limits on the self-interaction
cross-section of dark matter. Detailed observations of several merging clusters have shown the intracluster gas to
be displaced from the centroids of dark matter and galaxy density by ram pressure, while the latter components
are spatially coincident, consistent with collisionless dark matter. This has been used to place upper limits on the
dark matter particle self-interaction cross-section of order 1 cm” g~'. The cluster A520 has been seen as a possible
exception. We revisit A520 presenting new Hubble Space Telescope Advanced Camera for Surveys mosaic images
and a Magellan image set. We perform a detailed weak-lensing analysis and show that the weak-lensing mass
measurements and morphologies of the core galaxy-filled structures are mostly in good agreement with previous
works. There is, however, one significant difference: We do not detect the previously claimed “dark core” that
contains excess mass with no significant galaxy overdensity at the location of the X-ray plasma. This peak has
been suggested to be indicative of a large self-interaction cross-section for dark matter (at least ~5¢ larger than
the upper limit of 0.7 cm? g~' determined by observations of the Bullet Cluster). We find no such indication and
instead find that the mass distribution of A520, after subtraction of the X-ray plasma mass, is in good agreement
with the luminosity distribution of the cluster galaxies. We conclude that A520 shows no evidence to contradict the
collisionless dark matter scenario.

THE ASTROPHYSICAL JOURNAL. 783:78 (18pp). 2014 March 10 doi:10. 1088/0004-637X/T83/2118

© 2014. The American Astronomical Society. All rights reserved. Printed in the U.S.A

HUBBLE SPACE TELESCOPE/ADVANCED CAMERA FOR SURVEYS
CONFIRMATION OF THE DARK SUBSTRUCTURE IN A520*

M. I. JEE', H. HOEKSTRAZ, A. MAHDAVI?, AND A. BagurL*?
! Department of Physics, University of California, Davis, One Shields Avenue, Davis, CA 95616, USA; mkjee @physics.ucdavis.edu
2 Leiden Observatory, Leiden University, 2311-EZ Leiden, The Netherlands
3 Department of Physics and Astronomy. San Francisco State University, San Francisco, CA 94131, USA
4 Department of Physics and Astronomy, University of Victoria, Victoria, BC, V&W 2Y2, Canada
3 Kavli Institute for Theoretical Physics, Kohn Hall, University of California, Santa Barbara, CA 93106, USA
Received 2013 September 18; accepted 2014 January 15; published 2014 February 19

ABSTRACT

We present a weak-lensing study of the cluster A520 based on Advanced Camera for Surveys (ACS) data. The
excellent data quality provides a mean source density of ~109 arcmin~2, which improves both resolution and
significance of the mass reconstruction compared to a previous study based on Wide Field Planetary Camera 2
(WFPC2) images. We take care in removing instrumental effects such as the charge trailing due to radiation damage
of the detector and the position-dependent point-spread function. This new ACS analysis confirms the previous
claims that a substantial amount of dark mass is present between two luminous subclusters where we observe very
little light. The centroid of the dark peak in the current ACS analysis is offset to the southwest by ~1" with respect
to the centroid from the WFPC2 analysis. Interestingly, this new centroid is in better agreement with the location
where the X-ray emission is strongest, and the mass-to-light ratio estimated with this centroid is much higher
(813 + 78 M /L) than the previous value; the aperture mass with the WFPC2 centroid provides a consistent
mass. Although we cannot provide a definite explanation for the dark peak, we discuss a revised scenario, wherein
dark matter with a more conventional range (opy/mipw < 1 cm? g“) of self-interacting cross-section can lead to
the detection of this dark substructure. If supported by detailed numerical simulations, this hypothesis opens up the
possibility that the A520 system can be used to establish a lower limit of the self-interacting cross-section of dark
matter.,




"Bullet cluster” kao noka3s 3a rpaBuTaumnjy ca Yukawa ynaHom?

The Bullet Cluster TE0657-558 evidence shows modified gravity in the]
absence Of dark matter I] The weak field, point particle spherically symmetric acceleration|

aw in MOG is obtained from the action principle for the relativistic
equations of motion of a test particle in Moffat (2005, 2006a). The

R. Brownsteinl* and J. W. Moffatz* weak field p01pt particle graYltatlonal potential for a static spheri-
cally symmetric system consists of two parts:

Mon. Not. R. Astron. Soc. 382, 29-47 (2007) B(r) = By (r) + By(r), (1)

where
GooM
D (r) = — )
r
and
0 500 1000 1500 [kpq] 22
o] o P TR PN 5000 N S O e q)Y(,»):aM 3)
r

denote the Newtonian and Yukawa potentials, respectively.
05 T T T T | T T T T T T T T T T T T

Mysterious Plateau Nearby

Main cluster 3-map peak

Subcluster xk-map peak

Main cluster cD galaxy

Subcluster BCG

Main cluster k-map peak

MOG Center Subcluster ¥-map peak

-2E-06 0 2E-08 4E-0B GE-0B SE-06
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MoaudmkosaHa lbbytHoBa aAnHamuka (MOH[I)
wlx)=11f |z| > 1

« Milgrom, 1983, ApJ, 270, 365: = a2y -
« MOH[ cTtpatHe: [ =m “(ﬂﬂ) U ulz)=zif |z| < 1
http://astroweb.case.edu/ssm/mond/ —
MOND ( ' ) = v = GMay

e

« MOH[ kopf ranakTu4kmnx jaTta: NpubnmxHo bapunoHcka Tanu-®uwepoBa penauuja
McTa KonnyYnHa HegeTekToBaHe U BUOJbMBE 33 ranakcuje 6orate racom (McGaugh
matepuje (MHOro marwe Hero y ACDM) 2011, PRL, 106, 121303)
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ICosmologist Priyamvada Natarajan of Yale University agrees ... McGaugh’s work
highlights a regularity in the behavior of galaxies that hasn’t been explained yet by
processes involving dark matter. “It reveals there are physical processes we don't
understand,” she says. These almost certainly involve interaction between dark
matter and normal matter that can result in a deviation of the proportion of dark
matter to ordinary matter from the cosmic average value of 5/6. “We don’t fully
lunderstand how baryons [ordinary matter] and dark matter interplay.”

[a nn ACDM nipeueryje KonmunHy matepuje y Kocmocy?

Mawe TM = mawe TE notpebHe 3a nocmaTtpaHo yop3aHo
LUnpeHe ceeMmmnpa

TM: rpaBuTaumoHn edoekart Unm matepmja caumkeHa og Yectuua?
PaBHe poTaumoHe KpuBe Ko4 CnupanHux ranakcuja ykasyjy Ha
noraputamcku noteHuujan (Binney & Tremaine, 1987):

v (r):r-d—zvg = ¢(r)o< v, Inr+const
r

BETE T 68.3%

c

HoyTHOBCKa rpaHuua jegHadnHa norba OTP GM A 2

sa A\ # 0 (Adler, Bazin & Schiffer, 1965): ¢ =———- i

e [lpyrn ynaH 3Ha4ajaH caMmo Ha BeNnUKUM pacTojakbmma
22.03.2016 Mpegpar JosaHoBWh 15




Moryhe antepHaTtuBe 3a TM

1) Hapywene npuHumna ekBuBaneHuuje namehy rpraButaumMoHe U MHEPTHE Mace

* ekcrnepuMeHTanHo noTepheHo Baxeke ca n = 10-13 (n - ETBewwoB napameTap)
2) MaxoB npuHUMN: yTMLaj rnobanHe pacnogene mace y KOCMOCY Ha AaTu CUCTEM
3) Teopuje moandukoBaHe rpasutauumje (MIN)

« OwmoryhaBajy oyHOoameHTanHu npmuctyn 3a pasnuky og emnupujckor MOH[-a

1) Teopwuje ca gogaTHMM NosbUMa: ckanapHo-TeH3opcke (bpaHc-dukeosa),
bumeTpunUKe, TEH30PCKO-BEKTOPCKO-cKarnapHe (TeBeC - penatnBmctnyku
MOHL), ...

2) Teopwuje 4nje jeaHaunHe nosrba yYKIbydyjy n3soge pega suwier og apyror: f(R)

3) BnwegnmeHsnoHe teopuje: Kanysa-KnajHoea, PaHgan-CyHapymoBa,
cyneprpasuTauuja, CTpyHe, ...

« [lpownpeHe Teopwuje (3ajeaHNYKN HA3MB 3a CKaslapHO-TEH30PCKE U Teopuje
4YeTBPTOr peda): gogajy nornpaske u/mnun npowwnpyjy OTP

- f(R) rpaBuTaumja: [ = /d4x\/—g[f(R)—|-£m: f(R)=R+2A=GR+A

Planck 2015 results. XIV. Dark energy and modified gravity

Planck Collaboration: P. A. R. Ade®, N. Aghanim®, M. Arnaud’’, M. Ashdown”’, J. Aumont®®, C. Baccigalupi®, A. J. Banday'°!!"|
22.03.2016 16
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R" n rpaButauumja ca Yukawa 4naHom

1) f(R) = f,R" = R rpaBuTaUnoOHN NoTeHuujan: &(r) = —(;—m
r

B 12n> — Tn — 1 — /36n* + 12n° — 83n2 +50n + 1
- 6nz —4n + 2

2) f(R)~ fo+ iR+ LR*+ f3R> +--- = [paBuTaumoHu noteHuujan ca Yukawa
unaHoMm (Capozziello et al. 2009, MNRAS, 394, 947).

GM _ (1) 107! e T T T T T T
¢ (r)=— 1+ de \A 102 |- excluded
(1 Al 5)7a region
1= 2
UGC 1230 i
. . 10 geophysical -
1201 1073 |- laboratory _
100} ] S 1ot Earth-LAGEOS |
— 10—7 L =
0)]
= 80 LAGEQS-Lunar
1078 - =
LY
60}
:>U 1077 | -
40t 10710 ok planetary  _
20 s e | : | [ () T S [T (] [ (SR [T e B
= 0 i 10 Wy 10" a1
A [m]
Adelberger et al. 2009, PrPNP, 62, 102
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LIGO u rpaButaumnja ca Yukawa 4naHom

Tests of general relativity with GW150914
(LIGO Scientific Collaboration and Virgo Collaboration)

The LIGO detection of GW 150914 provides an unprecedented opportunity to study the two-body motion of a
compact-object binary in the large velocity, highly nonlinear regime, and to witness the final merger of the binary
and the excitation of uniquely relativistic modes of the gravitational field. We carry out several investigations
to determine whether GW 150914 is consistent with a binary black-hole merger in general relativity. We find
that the final-remnant’s mass and spin, determined from the inspiral and post-inspiral phases of the signal,
are mutually consistent with the binary black-hole solution in general relativity. The data following the peak
of GW150914 are consistent with the least-damped quasi-normal-mode inferred from the mass and spin of the
remnant black hole. By using waveform models that allow for parameterized general-relativity violations during
the inspiral and merger phases, we perform quantitative tests on the gravitational-wave phase in the dynamical
regime and, bound, for the first time several high-order post-Newtonian coefficients. We constrain the graviton
Compton wavelength in a hypothetical theory of gravity in which the graviton is massive and place a 90%-
confidence lower bound of 10'* km. Within our statistical uncertainties, we find no evidence for violations of
general relativity in the genuinely strong-field regime of gravity.

Constraining the graviton Compton wavelength. Since
the 1970s, there have been attempts to construct theories of
gravity mediated by a graviton with a non-zero mass. Those
attempts have led to conceptual difficulties, some of which
have been addressed, circumvented or overcome, but others
remain open (see Ref. [86] and references therein). Here, we
take a phenomenological approach and consider a hypotheti-
cal massive-graviton theory in which, due to a modification of
the dispersion relation, GWs travel at a speed different from
the speed of light.

In GR, gravitons are massless and travel at the speed of light
vy = c. In a hypothetical massive graviton theory the disper-
sion relation can be modified to E* = p*c* + mgc* where E is
the graviton energy, p the momentum, and m, is the graviton
rest mass related to the graviton Compton wavelength as 4, =
h/(mg,c) with h the Planck constant. Thus, we have vé le =
¢*p*/E* = 1 — h*¢*/(A7E?), and the massive graviton propa-
gates at an energy (or frequency) dependent speed. In such a
massive graviton theory the Newtonian potential is altered by

a Yukawa-type correction: ¢(r) = (GM/r)[1 — exp(—r/A,)].
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3Be3aaHo jaTto Sgr A* y ranaktnikom ueHTpy (L)

Keck/UCLA Galactic
Center Group

» S-3Be3ge ce kpehy Benuknm bpamHama (v > 1000 km/s) n no Beoma enunTUYHNUM
opbutama oko ueHtpanHe CMUP MneuHor nyTta (Eckart & Genzel, 1996, Nature,
383, 415)

e ACTpomMeTpujcKa nocmaTpama:
1)NTT/VLT: Gillessen et al. 2009, ApJ, 692, 1075
2)Keck: Ghez et al. 2008, Apj, 689, 1044
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OGjaBrbeHu pesynrtatu |

1) R" rpasutaunja: d(r) = — G2_M[1 + (L)B]

' & ' o

C

* [lopehewe nocmatpaHe n cumynupaHe opoute S2 3eesae y R rpaButauuju:

1000 | B=0.02, r,=100AU i | L ! |
0.150 | 0.150 | -

~ 0 0.125F 0.125} |
< < 0.100¢ 2 0100} ]
T - S 0075 S 0075} :
-500 | 0.050 0.050 !
0.025 0.025 | -

0.000 - ----- : 11 (] ., i

1500 T - - NIT o O.IOS 0.60 —O.IOS -0.10 0.65 0.60 -O.IOS -0.10
1000 t Keck < ] Aa (") Aa (”)

—~ 500} - B=0.01;r. =100 AU

£ ol - Mpeuecuja; =-1° No opbUTanHOM nepuoay

>E ) | . ‘:::;'. ; |

500 PHYSICAL REVIEW D 85, 124004 (2012)
-1000 1|Constraints on R"” gravity from precession of orbits of S2-like stars
-1500 , , |2 , D. Borka,'™ P. Jovanovié,” V. Borka Jovanovié,! and A.F. Zakharov>**
1994 1998 2002 2006 2010
t (yr)
22.03.2016 Mpegpar JosaHoBWh 20



OOGjaBrbeHu pesynrtaTu |l

0.04 | £=0.001 1 £=0.002 1 ¢=0.003 { | 3@aBUCHOCT napameTtapa R"
0.03 | t 1 { | rpaBuTauuje og acTpomMeT-
0.02 | | T 1 | pyjcke npeumnsHoCTH
0.01 T T 1

0 —— M : -L . : L e [1BOKOMMOHEHTU MoZer 3a
0.04 | £=0.004 | £=0.005 | £=0006 { pacnogeny mace y 'l
0.03 | 1 1 1 (Genzel et al. 2003, ApJ,
0.02 594,812 ). CMUP +

0.01 | | 1 1 { npolumpeHa pacnoaena
=0 . : . : ' (3a 3Be3naHo jato 1 TM)

0.04 - €=0.007 + 7 —X

0.03 1 p(l”) — Po\ — )

0.02 | Fo

0.01 | [20£0.0, r =ro
0 14401, r<r

p 50 100 150 200 0 50 100 150 200

0'04 I Available online at www.sciencedirect.com e
; . ADVANCES IN
0.03 | Bl ScienceDirect SPACE
A RESEARCH
O 02 - ELSEVIER Advances in Space Research 54 (2014) 1108-1112 M
* www.elsevier.com/locate/asr|
0.01 ¢
0 | Constraints on R” gravity from precession of orbits of S2-like stars:
0 50 100 150 200 A case of a bulk distribution of mass
I’C (AU) A.F. Zakharov “>*%** D. Borka', V. Borka Jovanovi¢', P. Jovanovi¢®
22.03.2016 Mpegpar JosaHoBWh Al




OGjaBrbeHu pesyntatu lli
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Constraining the range of Yukawa

Constraining extended gravity models by S2 star orbits gravity interaction from S2 star orbits

around the Galactic Centre
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OOGjaBrbeHu pesyntatn V

the hybrid metric-Palatini
gravity theory proposed in [48, 50], where the action is
given by

where k> = 827G, R is the Einstein-Hilbert term, R =
g R, 1s the Palatini curvature

S = f a’4x\/?g[R + f(R) + 2K2Lm] : )|

In the weak field Iimit and far from the sources, the
scalar field behaves as ¢(r) = ¢g + (2GpoM/3r)e™"";
the effective mass is defined as

my= QV=Vo—o(+0We)/3|,, »  (23)

where ¢¢ is the amplitude of the background value of ¢.

D (r) = = [1 = (¢po/3)e™""| M/F

The absolute minimum of the reduced y? (y*> = 1.503)
is obtained for ¢g = -0.00033 and m, = -0.0028, respec-
tively.
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HoBu pe3yntaTtu |

* AKO ce rpaButaumja Wwmpu
MacuBHUM MoSbEM OHAA Bp3unHa
rpaBMTaUMOHNX Tanaca
(rpaBMTOHA) 3aBMCK Of HMXOBE
dopekBeHUMNje Kao:

(ve/c)*=1—(c/fN,)?,
a e(PEKTUBHU rpaBUTaLMOHN
noTeHuunjan uma Yukawa ob6nuk:

—1
o exp(—r/hg),
roe je /\g KomnToHOBa TanacHa

AYXNHa rpaBUTOHA, a hEeroBa
maca je (Will, 1998, PRD, 57,

2061): my = hc/)\g
Y% TECT 3a oueHy hutosa

opbute S2 3Be3age y Yukawa
rpasuTaumjm

PesyntaTtu y cknagy ca LIGO:
A,>43x10"km =

m,<29x 107 eV

22.03.2016
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FIG. 1: Y? (solid lines) as a function of Yukawa range of interaction A, i.e. the graviton Compton
wavelength A,, obtained from the fits of NTT/VLT observations of S2 star [33] using the gravity
potential (1) for § = 1 (red) and § = 100 (blue). For comparison, the value of the Keplerian fit
xf{epler = 71.34 is also denoted by the horizontal dashed line. The critical value for » = 66 degrees

f freedom and o = 0.1 significance level, y2 , = 81.08, is presented by the horizontal dash-dotted
line, and the upper bounds A, of the corresponding exclusion regions for A\, by the vertical dotted

lines. The values A\, < A\, can be excluded with 90% probability.

Bounding the graviton mass with observations of S2 like stars

near the Galactic Center

Alexander F. Zakharov!?34* Predrag Jovanovi¢®, Dusko Borka®, Vesna Borka Jovanovic9
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HoBu pesyntatu Il

* (pyHOameHTanHa paBaH (PP)
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HoBu pesyntaTtu IV

« bapuoHcka Tanu-®uiieposa penauuja (6TOP) .
CMYpanHuX ranakcuja je emnupujcka penaumja 107 | 'MOND R TR TR,
n3mehy bapuoHcke mace ranakcuje M, = M.+ M, 1011 2 2 (B=0.518) ———~-
=0.667
(Maca 3Be3ga + Maca raca) U eHe KOHCTaHTHe 7/2((% i 817)) .....
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* Ob6jawrerwene BTPP nomohy R rpaBuTtaumnje ; |

10 e e
* KpyxHa 6p3unHa y R rpaButauuju: 10! 102
-1
v3(r) = —5— |1+ (1-8) -
c 9 - BETOP 3a ranakcuje borate racom
C

r_— HOBU pyHAaMeHTanHu rpaButTaluoHmn paamjyc 3a crnabo rpaBuTaLnoHO Norbe

A fundamental gravitational radius at galactic scales as a solution to dark matter
problem

S. Capozziello,23:* P. Jovanovié¢,* V. Borka Jovanovi¢,” and D. Borka®
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1) Nako je OTP go caga Hajborba Teopuja rpaButaunje, ca Hajpehum 6pojem
eKkcnepuMeHTasniHo noTepheHux npegsuhama, BepoBaTHO je HeONXoa4Ha HeHa
nornpaska unu npowuvpere aa 6u ce borbe objacHMNe nocmaTtpaHe rnojaee Ha
ranakTUykMMm cKkanama, Kao LTO Cy paBHE pOoTauMOHEe KpUBE CnMpanHux ranakcuja,
tbuxoBa BTOP, kao n ®P enuntnyHUX ranakcuja

2) f(R) Teopuje MI" npeactasrbajy BarbaHy antepHatuey TM v ykasyjy Aa je oHa
MOXJa rpaBuTauMoHn edpekar, a He MaTepuja cadnHteHa o YecTumua

3) Yukawa n R" teopuje MI" objalumaBajy paBHE poTauUOHEe KpUBE CripanHmx
ranakcuja, a osa npea u "Bullet cluster”, 6e3 xunotesze o TM

4) R" rpaButauuja objawrasa BTOP cnnpanHux n ®P enuntnyHnx ranakcuja 6e3 TM

5) Ob6e f(R) Teopuje, n Yukawa un R", ycnewHo objalutaBajy kpetawe S2 3Be3ae OKO
CMUP y 'Y anun y3pokyjy pasnuunty opoutanHy npeuecujy y ogHocy Ha OTP

6) lNopeherwe cumynmpaHmx opbuta S2 3eBesae y rpaBUTaUMOHOM NOTEHUMWjany ca
Yukawa 4naHomMm npeacraesiba HOBW MeTof 3a oapehmBarke mace rpaBuUToHa

7) 3a pasnuky og OTP, MI" ca Yukawa 4ynaHom npegsuha macuBHe rpaBUTOHE 4uja je
Maca y okBupy rpaHuua gobumnjeHnx nomohy LIGO-a
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