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OnpehuBame rpaHuIe Mace rPaBUTOHA
Ha OCHOBY OpOMTE 3Be34¢ S2
Ha ACTPOHOMCKO] OIICEPBATOPH]U

Becna Bopka Josanosuh!, JIymiko Bopka!,
[Ipenpar JoBanoBuh’

'JTaboparopuja 3a Teopujcky GpuznKy U HU3NKY KOHJICH30BaHE MaTepHje
(020), UncTuTyT 32 HyKIJIeapHe Hayke "Bunua", m. ax 522, 11001
beorpan, Cpouja | :
< *AcTpoHOMCKa omcepBaropuja, Bonruna 7, mm. ¢ax 74, 11060 beorpan,

| . CpOuja




IIpojekaTr u UCTpaKMBa4YKH THM

* UCTpaXKHBama 3aM04yeTa y OKBUPY HalMOHaIHOTr mpojekra (2011-2019):
OUM 176003 "I'paBuTanivja u CTpyKTypa KOCMOCA Ha BEJIMKUM CKajlama',
- pykoBoauiail; ap IIpenpar JopanoBuh
- (uHaHCcHjep: MUHHUCTAPCTBO MPOCBETE, HAYKE M TEXHOJIOUIKOT Pa3Boja
Penyonuke Cpouje

* BPCTE HMCTPAXKHBAKA: TCOPHJCKA pa3Marpama, HYMEPUYKE CUMYJALU]E U
nopehema TEOPHUJCKUX pe3yJiTaTa ca aCTPOHOMCKHUM IMOCMarpambuMa

® UCTPAKUBAYKHU TUM:
- np IIpenpar I1. JoBanoBuh, Hayunu caBeTHUK AOD,
- np Jymxko B. bopka, Hayunu caBetHuk UHHB,
- 1p Becna B. bopka JoBanosuh, Hayunu capagauk UHHB,
- Op AJIEKCaHIP CDez[OpOBHq 3axapoB, HAyYHU CABETHUK,
MHCTUTYT 32 TEOPUjCKY U eKCIIEpUMEHTAIHY (QH3MKY, MOCKBa, Pycnja

b.




I paBUTOH

* 'PABUTOH J€ U3MEHCKH O030H I'PaBUTALIMOHE MHTEPAKIIU]E

* KapaKTEPUCTHUKE:
CIIUH: 2 (TEH30pPCKHU 0030H), EICKTPUYHO HaelleKTprcame: 0 (HeyTpaiaH),
Maca: BeoMa Maja BpeIHOCT (padyyHaMO TOpHY I'PaHMILY )

Standard Model of Elementary Particles and Gravity

three generations of matter interactions / force carriers
(fermions, half-integer spin) (bosons, integer spin)
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aseee aeEee aneese

=d 7 WeVic? ue | = 16 | | =4.18 Gevic® 118 [}
-13 = | T = | BT e [}
1z =13 12 =13 12 511

1] 1] (]

down strange bottom
o ene e o eee e aeee e

HYPOTHETICAL

TENSOR BOSONS

=0.511 MeVic® -1z =

10566 MeVic: -1z | | =17768 Gew
-1 -1z [ _. 1
1z - 12 1

electron
see e

© 10 e\ic? -1z 2 0.17 MeWic? -2 =182 MeWic? -1z 0.39
[+] Bz 0 a 4] E £
1z [1} 1 1

electron muon Wb
neutrino neutrino neutrino oson
288 aee 288 a8

SCALAR BOSONS

CrangapaHa MOJIET -
€JICMEHTAPHUX YECTUIIA
Y rpaBUTAaIM]C.

GAUGE BOSONS

LEPTONS
VECTOR BOSONS




Jeman o maHoBa 3a Oyayha HCTpaXkKuB
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Quark structure Quark structure
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(a) Crpykrypa HeyTpoHa (udd) u nporona (uud), ca 3aHeMapeHUM KBAHTHUM
bnykryanujama; (0) VYHyTpamma CTpyKTypa TIpOTOHa: TIOped TpH
KQHCTUTYTHBHA KBapKa, IIEMAaTCKH Cy MpUKa3aHU M. BUPTYaJIHH KBapK-
a,fI/IKBapK MapOBH. ‘ |
(ﬂ’eTO u3: D. Hajdukovié, "On the gravitational field of a poini-like body
sed in a quantum vacuum", MNRAS 491, 4816-4828 (2020)




Sagittarius A n Sagittarius A*

Sagittarius A (HJIH Sgr A) je KOMILIEKCaH paanuo U3BOp KQ]H CE€ CacToju OJ TpH
KOMIIOHEHTE, KOj€ C€ IpeKJIanajy:

(1) Sgr A East (ocTarak CyiepHOBE)
83 g gj >x<West (crimpaliHa CTPYKTypa) _ - Sgr A West
(BeoMa CBETa0 Pajuo U3BOP | | -
y HEHTPY CIHUPATHE CTPYKTYPE)

Sgr A* je BeoMa KOMIIAKTaH M
MacCHBaH H3BOp, YHja C€ MOJIOXKA]
MoKJIamna ca JUHAMHUYKUM IIEHTPOM
MiiedHOr IyTa, a OKO Hera Kpy»Ku

' Ser A Bast
jaro 3Be3/1a TUIIA S. gr A Eas

. Chandra X-ray image.
(NASA/ Penn State/ G. Garmire et al.)



ITonmoxkaj CyHYEBOI CHCTEMA y OJHOCY Ha
Sgr A*

The Milky Way

Sagittarius A* : X

26,000 light-years

The solar system : X

h.

Hamra ramakcuja, MiiedHu myT, HocMaTrpaHa 003To0.




Orpannyena Mace I'paBUTOHA U3 AHAJIU3E II a

CJaJHUX 3Be31a y ['alaKTUYKOM LIEHTP

Ha ocnHoBy omrte Teopuje peaaruBHocTH (OTP) rpaBuToH HEMa Macy jep ce
kpehe Op3MHOM CBETIIOCTH, ajld TOCTOJ€ W HEKE TeOopHuje 'MacHhBHE"
rpaBUTallMj€ IO KOjUMa C€ TIpaBUTOH Kpehe mayo crnopuje o Op3uHe
CBETJIOCTH 1 300T Uyera uMa HeKy Majay Macy.

* mocMarpama cjajuux 3Besna y-IC omcery. -
ajaT 3a IPOILEHY I'PaBUTAIIMOHOT HOTEHIIM]aJIa

y GC

°* OBM TIOAAllM MOTYy Jila C€ KOpHUCTE 3a
OrpaHUYaABaAHE BPEJHOCTH  Iapamerapa
aNTepHATUBHUX TEOpHja TpaBUTalM]je (HIIp.
JykaBrHa Teopuja)

* MM CMO KOPHUCTHJIM aCTPOHOMCKA IIOCMaTrpama
Y U3BPLIWIM NOpehemhe CUMYIMpaHUX opOuTa
S-3Be31aHO jaTo 3Be3ae S2 y JyKaBHHOM rpaBUTalHOHOM

l . oko Sgr A’ noreHnujany (jemHa ogn TeopI/IJa MaCHBHE

er Group 1995-2“.8

rpaBUTAlIH]C)



[Tocmarpame opouTe S2 3BE3JIE

Onrrnuku tejeckonu NTT/VLT u Kek.

QLR = = .. — 4 i I'
i e .__.i“‘:—

New Technology Very Large Telescope Keck telescope
Telescope (4 x 8.2 m), : (2 x 10 m),
(3.6 m), Paranal Observatory, Keck Observatory,
La Silla Obs., Chile Chile Hawaii, USA

NTT/VLT — nocmarpana rpyna P. I'enzena (ESO)

L.

Kek — nmocmarpaia rpymna A. I'e3




OpOwure 3Be371€ S2 U3 HOCMana}La noMohy
VLT-a u Kek Teneckona
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del, R., Ott, T., Genzel, R., A. M. Ghez et al. ApJL, 586,
Nature 419, 694 (2002) L127 (2003) :
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® R Genzel, F. Eisenhauer, S.

h

Gillessen, Reviews of Modern
Physics 82,3121 (2010)

* HaJyOeIJbUBHUJU JOKa3 Ja je Sgr
A* cynepMacuBHa lipHa pyna ca
MacoM O OKO 4 MWIMOHA
CyHueBHX Maca

* Ghez & Genzel:
HobOenoBa Harpama 3a (QU3HKY
2020

* KOPUCTHIIHU CMO OBa I1IOCMAaTpama

° HalllM PAJIOBU Cy OuTUpaHu 19
yTa OJi CTPAHE OBOTOJMUIIELUX
HOOEnoBala



CumynupaHe opOuTe S-3Be3/1a
y JyKaBMHO] rpaBUTAIIU]H

;
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JCAP 2013

Constraining the range of Yukawa
gravity interaction from S2 star orbits

. opoute y Yukawa rpaButammuy -
D. Borka,”! P. Jovanovié,” V. Borka Jovanovi¢® and HOCManaH)a S2 4 :

A.F. Zakharov“®¢




[TpoueHa nomera JykaBUHE HHTEPAKIKjE HA O
N00H]€HUX BPEIHOCTH Y-KBajJipaTa (hpuTOBA
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KoMIiToHOBa TajlacHa 1y>KHMHA U Maca Irpas

* AKO Cce rpaBMTall{]a IMPHU MACUBHUM I10JbEM OHJia OpP3MHA
IrPaBUTALIMOHUX Tajlaca (I'PaBUTOHA) 3aBUCH O] BbUXOBE (DPEKBEHIIM]E KaO:
(v/c)*=1—(c/fN,)’,
* r1e je Ag KoMnToHOBa TajlacHa Jy>KMHA rpaBUTOHA, a HhEroBa Maca je

(Will, 1998, PRD, 57, 2061): m, = he/A,
* HamM pe3yarard y ckiany ca LIGO:

ig >4.3 x 10" km

m,<2.9 X 10! eV

ournal of €osmology and Astroparticle Physics

An IOP and SISSA journal

JCAP 2016

Constraining the range of Yukawa
gravity interaction from S2 star
orbits |l: bounds on graviton mass

A.F. Zakharov,”"“%¢ P. Jovanovié,/ D. Borka?
and V. Borka Jovanovié¢?
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TaJIaCHY AYKUHY I'PaBUTOHA.



OpapehuBame Mace rpaBUTOHA U3 OPOUT
peLecuje
61 — e2 (az a’  4+e*a’ B )

1+6 A2 AT g Al

[Ipeniecuja y JykaBuHO] rpaBUTalnji: Apid ~

Axo npernoctaBumo Ja he npensuhama OTP 3a npenecujy 3gesze S2 (0°.18
110 OpOUTAIHOM MEPUOAY) Y OyayhHOCTH OUTH HOTBphEeHa, MOXKE CE OAPEAUTH

oJrorapajyha mMaca rpaBuTOHa U3 yCJIOBa: Avy = Apcr

Mu cMo 1okasaju Ja j€ TO UCIYHBEeHO Kajaa je:

\/ i M (aV/T— )

A3\ e 6Rs
. ournal of €osmology and Astroparticle Physics
ITO oAroBapa cieaehoj mpoueHu
3a MacCy I'paBUTOHA: JCAP 2018
5.48 x 10~ 22 oy Constraining the range of Yukawa
gravity interaction from S2 star
. orbits lll: improvement expectations

for graviton mass bounds

A.F. Zakharov,*"*%%! P. Jovanovi¢,” D. Borka? and
V. Borka Jovanovic¢?

h.



3aKJbYyUllH

1)3a pasnuky ox OTP, MI' ca JykaBuHuM 4iiaHOM mpeaBuha MacHBHE

IPABUTOHE

2) nopeheme cumyaupaHux opoura S2 3Be3[Ae Yy T'PaBUTALMOHOM
NOTEHIMjaly ca JykaBHHUM YJIaHOM HPEACTaBJha HOB 1 HE3aBHUCAH METO/I
3a ofipehuBame rOpHE€ IPaHUIIE MAace FPaBUTOHA

3) Hallla OpolicHA je JOOH]jeHa Ha He3aBHCAaH HAYMH O]l OCTAJIMX METOAA, U Y
OKBHpY j€ rpaHulia gooujenux rnomohy LIGO-a

4) Hamia npolieHa he ca Benukom BepOBaTHOhOM Mohu na Oyae mooOoJbliaHa

KOpHUIIhekheM HOBUX MPENU3HUJUX HHCTPYMEHATa Kao IITO CY FPABI/ITI/I
E-EJIT u TMT

5) Hamm pagoBu (y BE€3M Mace TI'PaBUTOHA) Cy LMTHPAHU O] JOOMTHHKA
HoOenoBe Harpage 3a ¢uszuky 2020. ap AHJ_‘[pea I'e3 (Physical ReV1eW
Letters 118, 1d.211101 (2017))

Q HaIllM Pe3yJITaTH YBPIITEHHU Y 3BaHUYHY TaOely ca mojaluMa W3MEHCKHUX
Xurcopux 0030Ha (ox 2019. roguHe) kojy o0jaBibyje MehyHapoaHa
b nabdopanuja 3a Pu3nKy dyectulia u kocmoaorujy Particle Data Group



[Tutupanoct

week ending

PRL 118, 211101 (2017) PHYSICAL REVIEW LETTERS 26 MAY 2017

S

Testing General Relativity with Stellar Orbits around the Supermassive
Black Hole in Our Galactic Center

A. Hees," T. Do, A.M. Ghez,'" G.D. Martinez,' S. Naoz,' E. E. Becklin,' A. Boehle,' S. Chappell,' D. Chu,’
A. Dehghantar," K. Kosmo,' J.R. Lu,” K. Matthews,” M. R. Morris,' S. Sakai,' R. Schodel,’ and G. Witzel’
A specific theoretical model covered by the fifth force

framework 1s a massive graviton. In that context, we found

a 90% confidence limit 4 = 5000 A.U. for & = 1, which

can be interpreted as a lower limit on the graviton’s

Compton wavelength 4, > 7.5 x 10'" km or, equivalently,

as an upper bound on the graviton’s mass m, < 1.6 X

107" eV/c? (see also Ref. [36]). This constraint is one

order of magnitude less stringent than the recent bound |

obtained by LIGO [78], which, nevertheless, does not apply

for all models predicting a fifth force.
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Summary Tables

Reviews, Tables, Plots

pdgLive Home > graviton > graviton MASS

2019 Review of Particle Physics.
M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 update.

graviton MASS

Van Dam and Veltman (VANDAM 1970 ), lwasaki (IWASAKI 1970 ), and Zakharov (ZAKHAROV 1970 ) almost simultanously showed
that ... there is a discrete difference between the theory with zero-mass and a theory with finite mass, no matter how small as
compared to all external momenta.” The resolution of this "vDVZ discontinuity” has to do with whether the linear approximation is
valid. De Rham etal. (DE-RHAM 2011 ) have shown that nonlinear effects not captured in their linear treatment can give rise to a
screening mechanism, allowing for massive gravity theories. See also GOLDHABER 2010 and DE-RHAM 2017 and references
therein. Experimental limits have been set based on a Yukawa potential or signal dispersion. h; is the Hubble constant in units of 100

km s~! Mpc~?.

https://pdglive.lbl.gov

Send Feedback

Particle Listings

INSPIRE search :

The following conversions are useful: 1 eV = 1.783 x 107% g = 1.957 x 107 %m,; A, = (1.973 x 1077 m)x(1 eV/m,).
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DOCUMENT ID

1 CHOUDHURY 2004
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YUKA

COMMENT

Weak gravitational lensing

» = « We do not use the following data for averages, fits, limits, etc. » = »
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ZAKHAROV

2018
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2018
2018
2017
2016
2016

YUKA
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YUKA
YUKA
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DISP

DISP

YUKA

Gal cluster Abell 1689
SPT-SZ o
Planck all-sky SZ _
redMaPPer SDSS-DR8 ! ko

Weak lensing in massive clusters - "

SZ effect in massive clusters

Combined dispersion limit from three BH mergers
Combined dispersion limit from two BH mergers - %

S2 star orbit



Chtaticn: M. Tanabashi et 2 [Particle Data Groug), Phys, Fev. D 98, 030001 {2018} and 2019 update

graviton /=2

graviton MASS

Yan Dam and Veltman (VANDAR 70), lwasaki [WASAKI TO), and Za-
kharow [ZAKHARCN 700 almost simultancusly showed that ", .. thers is
a discrete difference bebween the theory with zero-mass and a Lheory with
finite mass, na matter how small as compared to all external mamenta.”
The resolution of this "vDVWZ discontinuity” has to do with whether the
linear approximation is valid. De Rham etal, (DE-RHAM 11} have shown
that nonlinear effects not captured in their linsar treatment can give rise
to a scresning mechanism, allowing for massive gravity thearies. See also
GOLOHABER 1O and DE-EHAM LT and references Lherein. Experimental
lirnits have been set based on 2 Yukawa potential ar signal dispersion. hy

is the Hubble constant in units of 100 kms— 1 |"-"|pr._1.

The Tollewing canversions arg wseful: 1V = 1.7583 = 10 33 a = L9587V =

1075 mgi S = (1973 % 1077 m)x (1 e¥im,).

WALLE [eV] COCUSENT 1D TECN COMMENT

<6 x 1032 LCHOUDHURY 04 YUKA Weak gravitalional lensing

s & » We do not use the following data for averages, lits, limils, etc. » » =

w1410 2% 2 nESAl 18 YUKA Gal cluster Abell 1689

=5 w10 30 3GUPTA 18 ¥UKA SPT-SZ

<3 % 10730 3 GUPTA 18 YUKA Planck all-sky 52

=1.3 % 10729 FGUPTA 18 YUKA redMaPPer SDSS-DRE

<6 x 10730 T RANA 1B YUKA Weak lensing in massive clusters

<8 =10 30 5 pranA 18 YUKA SZ effect in massive clusters

<7 = 1023 b ABBOTT 17 DISP  Combined dispersion limit from

three BH mergers
<1210 22 b ABBOTT 16 DISP  Combined dispersion limit from
_ two BH mergers

<20 x 10 2L TZAKHAROY 16 YUKA 52 star orbit

<5 w10~ 8 BRITO 13 Spinning black holes baunds

=4 % 10T Y BASKARAM 08 Gravitan phase velocity fluctua-

<6 w10 32 0 gruzINGY 05 YUKA sm-f.',“ gjrsLurn observations

=90 % 10~ 11 GERSHTEIN 04 From Sy s value assuming RTG

w6 w10 12 L 03 Horizon scales

<5 =10 20 L3143 Fiym 02 DISP  Binary pulsar orbital period de-
L4 1% paOUR 91 inngﬁffﬁngar PSR 1913+16

3 1g—23 TALMADGE 88 ¥UKA Solar system planetary astrometric

data

2w 10 29 t 1 GOLDHABER 74 Rich clusters

<7 % 10728 HARE 73 Galaxy

=8 gt HARE 73 27 decay
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most massive galaxy clusters in Lthe Local Cluster Substructure Survey. Limils for other I
CL's and other density culs are also given.

2 RANA LB limit, 63% CL, obtained using mass messurements via the 52 affect oul Lo the
radius at which the clustar density falls to 500 times the critical density of the Liniverss
for 162 optically canfirmed galawy clusters in an Altacama Cosmology Telescope survey.

Limits for other CL's and other density cuts are also given,

DARBOTT 16 and ABBOTT 17 assumed a dispersion ralation for gravitational waves
madified relative to GR.

FAKHARDY 16 constraine range of Yukawa gravity interaction from 52 star arbit about I

black hole at Galactic center. The limit is < 2.9 % 107 2L e for & = 100.
BRRITO 13 explore massive graviton [spin-2) fluctuations around rotating black holes.

YBASKARAN 08 consider fluctuations in pulsar timing due to photon interactions [ “surf-
ina” 1 wilh backeround eravilational waves,

7 ZAKHAROV 2016 constrains range of Yukawa gravity interaction from S2 star orbit about black hole at Galactic center. The limit
is < 2.9 x 10" eV for § = 100.

ZAKHAROV 2016 JCAP 1605 045 Constraining the range of Yukawa gravity interaction from S2 star orbits |l: Bounds on
graviton mass
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Review of Particle Physics

P.A. Zyla et al. (Particle-Data Graup, ProgiThedr, Exp. Phys. 2020, 083C01 (2020)
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OcTBapeHH pe3yjaTard HUCTPAKUBAKka y Be3UW ojpehrBama TpaHUIE Mace
IrPaBUTOHA: "

PanoBu y BpXyHCKMM 4yaconucuMa MehyHapoaHor 3Hadaja - M2 1

* D. Borka, P. Jovanovi¢, V. Borka Jovanovi¢, A. F. Zakharov, Constraining

the range of Yukawa gravity interaction from S2 star orbits, J. Cosmol.
Astropart. P. 11, 050-1-16 (2013) |

* A. F. Zakharov, P. Jovanovi¢, D. Borka, V. Borka Jovanovi¢, Constraining

the range of Yukawa gravity interaction from S2 star orbits Il: bounds on
graviton mass, J. Cosmol. Astropart. P. 05, 045-1-10 (2016)

* A. F. Zakharov, P. Jovanovi¢, D. Borka, V. Borka Jovanovi¢, Constraining
the range of Yukawa gravity interaction from S2 star orbits IlI:

improvement expectations for graviton mass . bounds, J. Cosmol.
éstropart. P. 04, 050-1-21 (2018) ‘
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PagoBu y yaconucuma Mel)yHapogHor 3Hadaja - M23

* A. F. Zakharov, P. Jovanovi¢, D. Borka, V. Borka J ovanovié, Observational
tests of general relativity and alternative theories of gravity with Galactic

Center observations using current and future large observational facilities,
Contrib. Astron. Obs. Skalnate Pleso 50, 203-218 (2020)

* P. Jovanovi¢, D. Borka, V. Borka Jovanovic, A. F. Zakharov, Influence of

bulk mass distribution on orbital precession of SZ2 star in Yukawa gravity,
Eur. Phys. J. D, y mramnu (2021)

M nopen Beoma OrpaHUYEHHX (PUHAHCHUJCKUX CpeAcCTaBa, CapaJIHHUIU
ACTpPOHOMCKE OIICEpBaTOpHj€ Cy YYECTBOBaJIM Ha HEKOJMKO Hay4YHO-
CTPYYHMX CKyIlOBa Yy 3€EMJbM W HHOCTPAHCTBY, y OKBHpPY KOJUX C¥y
IPE3CHTOBAIN PpE3ylITare HCTpakuBamkba OCTBApEHE, Yy OKBUPY OBOI
1 paXx1BaYKOT IIPOjEKTA. '

b.




OctBapenu pesyararu Il

Pan Ha ckyny Melh)yHapoHOT 3Ha4aja mTaMnaH y neauHu - M33

* A. F. Zakharov, P. Jovanovi¢, D. Borka, V. Borka Jovanovi¢, Different
ways for graviton mass evaluations, Proceedings of the 52" Rencontres de
Moriond (Gravitation Session), La Thuile, Italy, March 25 - April 1, p.
247-250 (2017)

Pan Ha ckyny MelhyHapoIHOT 3Ha4aja mrTamMnaH y u3zBoay - M34

* A. F. Zakharov, D. Borka, P. Jovanovi¢, V. Borka JovanoviC, Expectations
for graviton mass constraint improvements with future observations of
apocenter shifts for bright stars at the Galactic Center, Book of abstracts
of the 42™ Committee on Space Research, Pasadena, USA, July 14-22, p.
HO0.2-14-18 (2018)

Pan y Boaehem daconucy HalMoHaJIHOT 3Ha4yaja - M5 1

 A. F. Zakharov, P. Jovanovi¢, D. Borka, V. Borka Jovanovic, Graviton

mass evaluation with trajectories of bright stars at the Galactic
b Center, J. Phys.: Conf. Ser. 798, 012081-1-5 (2017) - ‘
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PasoBu y HaydHHM aconucuma - M53

 A. F. Zakharov, P. Jovanovi¢, D. Borka, V. Borka Jdvanovié, Trajectories

of bright stars at the Galactic Center as a tool to evaluate a graviton mass,
EPJ Web Conf. 125, 01011-1-8 (2016)

» A. F. Zakharov, P. Jovanovi¢, D. Borka, V. Borka Jovanovi¢, Graviton

mass bounds from an analysis of bright star trajectories at the Galactic
Center, EPJ Web Conf. 138, 01010-1-10 (2017)

* A. F. Zakharov, P. Jovanovi¢, D. Borka, V. Borka JovanoviC, Different

ways to estimate graviton mass, Int. J. Mod. Phys. Conf. Ser. 47,
1860096-1-7 (2018)

* A. F. Zakharov, P. Jovanovi¢, D. Borka, V. Borka Jovanovic, Improvement
perspectives for graviton mass bounds from an analysis of bright star

orbits near the Galactic Center, Proceedings TAU Symposium 347: Early
@cicnce with ELTs (EASE), 2018
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