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Fundamental principles and symmetries

"Fundamental symmetry principles dictate the basic laws
of physics, control the structure of matter, and define the
fundamental forces in Nature."

Leon M. Lederman

Self-similarity is a property of physical phenomena
and the principle to construct theories.

Top flavor is a fundamental property of quark and has relevance
to the structure of the momentum space at small scales.

Top physics is a pillar of the current research program in HEP
and provide stringent tests of SM.
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z-Scaling - Universality & Saturation

) Saturation at low z
Inclusive cross I T B

Energy scan of spectra
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STAR: . _
PLB 616 (2005) 8 > Flavor |ndependence (TC, K, p, A)
PLB 637 (2006) 161 > Saturation for z < 0.1

PRC 75 (2007) 064901 _
> Power law ¥(z)~zP for highz > 4

Scaling — “collapse” of data points onto a single curve.
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Motivation & Goals

Development of z-scaling approach for description of hadron,
direct photon and jet production in inclusive reactions to search for
signatures of new physics (phase transitions, quark compositeness,
extra dimensions, black holes, fractality of space-time,
complementary restrictions for theory,...)

Analysis of new experimental data on p-spectra
of top-quark production
In pp and pp collisions obtained at Tevatron and LHC
to verify properties of z-scaling.

It concerns to
> Properties of sub-structure of the colliding objects, interactions
of their constituents, and fragmentation process at small scales.
» Fractal properties of flavor (u,d,s,c,b,t)
» Fundamental principles (self-similarity, scale relativity, fractality,
Lorentz invariance,... )
» Origin of mass, spin, charge,..., fractal topology of space-time,...
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z-Scaling

Principles: locality, self-similarity, fractality

p ; . . .
# Locality: collisions of hadrons and nuclei are expressed
via interactions of their constituents

P : P,  (partons, quarks and gluons,...). s <X
Self-similarity: interactions of the constituents

are mutually similar.
Fractality: self-similarity is valid over a wide scale range.

X

Hypothesis of z-scaling :

Inclusive particle distributions can be described X1, XYY
sY2, pry Ocms  in terms of constituent sub-processes and parameters

characterizing bulk properties of the system. 01,09:E4:8p ,C

Edo/dp? Scaled inclusive cross section of particles depends
In a self-similar way on a single scaling variable z.
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Locality of hadron interactions

M.T. & l.Zborovsky
Part.Nucl.Lett.312(2006) m,
PRD75,094008(2007)
Int.J.Mod.Phys.A24,1417(2009)
J.Phys.G: Nucl.Part.Phys.
37,085008(2010)

inclusive
particle

colliding s,

_ colliding
object

object

recoil
particle  m,

Constituent subprocess
M) + (X,M; ) = (Myly,) + (XM +x,Mp+m, 1y,

Kinematical condition (4-momentum conservation law):
(X;P1+X,P, —ply,)? = My

Recoil mass: My=x;M;+x,M,+m./y,
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Z as self-similarity parameter

- -1
Z=12,-C)

1/2
SJ_

. =
" (AN /dr,)°m

» Q1 isthe minimal resolution at which a constituent subprocess
can be singled out of the inclusive reaction
> s"% s the transverse kinetic energy of the subprocess
consumed on production of m; & m,
» dN, /dn|, 1s the multiplicity density of charged particlesatn =0
» C 1s a parameter interpreted as a “specific heat” of created medium
» m Is an arbitrary constant (fixed at the value of nucleon mass)
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Z as fractal measure

The fractality is reflected in definition of z m,

_ !
Z2=2,-C)

Q= (1 x) (1) (1 y,)  (Aoy,)™ | Mo <

Q is relative number of configurations containing
a sub-process with fractions x,, X, , y,, Y, of the
corresponding 4-momenta

01, 0y, €, €, are parameters characterizing structure of the colliding
objects and fragmentation process, respectively

Q1 (X, X,,Y, Y, ) characterizes resolution at which a constituent sub-
process can be singled out of the inclusive reaction

2(Q)] o', > The fractal measure z diverges as the resolution (2" increases.
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Momentum fractions X, X,, Y., ¥y,

Principle of minimal resolution: The momentum fractions x,, X,
and v, y,are determined in a way to minimize the resolution
Q1 of the fractal measure z with respect to all constituent
sub-processes taking into account 4-momentum conservation:

Q= (1- X1)51 (l— )(2)52 (l_ ya)(ga (1_ yb)gb
o0Q /axl |ya:ya (X1, X5,Yp)
oQ Iox, | =0

Ya=Ya (X1,X2,Yp)

aQ /ayb |ya =Ya (X11X21Yb) = O

Momentum conservation law)
(X;P1+X,P, —ply,)? = My

Recoll mass
My= X;M+X,Mo+m,ly,
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Scaling function ‘¥(z)

T\P(z)dz =1

X 3

Scale transformation
preserves the normalization condition

z>a:.2, Yoo P <
Y(z)= T -J‘l-E@ - ‘[E&dydzp =0, N
(AN/d ) -6, dp?® dp’ oo

> o, - Inelastic cross section

» N -average multiplicity of the corresponding hadron species
» dN/dn - pseudorapidity multiplicity density at angle 6 (n)

» J(zm;ps2y) - Jacobian

» Ed3c/dp? - inclusive cross section

The scaling function W(z) is probability density to produce an inclusive
% particle with the self-similarity parameter z.
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Transverse kinetic energy Vs,

1/2 y1(51/2 MA szz)_m1+y2(3;/2_M1X1_M2X2)_mj

energy consumed energy consumed
for the inclusive particle m, for the recoil particle m,

Fraction decomposition:  X;, =A1,+ %,

o = (P21p) . I\/|2,1m2
7\1,2: K21,2/y12+V1/j/y2 L2 (Pzpl) BAET g_PZPl)
— 1 -
= ({0l ) " Fo, 2 gana o)
oL — 1 6 12K21
=W, ,U, U_T ,a=6—2 Mo _V/yz Vo
2~/ O 1 S ()_5m2 v O.Smf
‘%2 = (A, +2)(1=2)(1-2,)] ’ (Plpz) 0 (P1P2)
— (ﬂipﬁ‘/’l’zpz)z Sy = (X1P1+X2P2)2

The scaling function W(z) and self-similarity parameter z
%@ are expressed via Lorentz invariants.
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Properties of Y¥(z) in pp & pp collisions

Energy independence of W¥(z) (s¥2> 20 GeV)

Angular independence of ¥(z) (6,,:=3%-90Y)

Multiplicity independence of Y¥(z) (dN,/dn=1.5-26)
Power law, ¥ (z) ~zP, at high z (z > 4)

Flavor independence of ¥(z) (n,K,p,A,..,D,J\y,B,Y,..., top)
Saturation of W¥(z) atlow z (z<0.1)

These properties reflect self-similarity, locality, and fractality
of the hadron interaction at constituent level.
It concerns the structure of the colliding objects, interactions
of their constituents, and fragmentation process.

M.T. & |.Zborovsky
Phys.At.Nucl. 70,1294(2007)
Phys.Rev. D75,094008(2007)

Int.J.Mod.Phys. A24,1417(2009)
J. Phys.G: Nucl.Part.Phys. 37,085008(2010)
Int.J.Mod.Phys. A27,1250115(2012)
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z-Scaling before LHC
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Flavor independence of W(z) at RHIC

M.T. & I.Zborovsky
Int.J.Mod.Phys.

TC-’ p; 0, (|)1 K*l A1 El ‘]/\lji D1 81 Y

STAR:
A24,1417(2009) PRL 92 (2004) 092301
|||l|| i T T ||||||I T T ||||||| T T |]||||| T LA R B R 102 ||||||| _‘II II.‘I‘II T T ||||||| PLB 612 (2005) 181
109 x10 —>h+X PRC 71 (2005) 064902
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» Energy independence
> Angular independence
» Flavor independence

» Saturation for z < 0.01

» Power law W (z)~z P at large z
> ¢, o independent of p, s'2

Self-similarity of particle formation with various flavor content.
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Flavor independence of Y(z) at Tevatron

TC-, p’ , (I)l K*1 A1 E’ ‘]/\Ijl D1 81 Y
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» Energy & angular independence
» Saturation of ¥(z) forz<0.1
» Flavor independence of V(z2)

> Extra large ¢.=1 for J/y
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Self-similarity of strangeness production in pp at RHIC

Universality: flavor independence of the scaling function

- — M.T. & 1.Zb Ky

M.T.& I.Zborovsky Kg, K, K* ¢, A, =, Q, 2*, A* SQM,IO;OVS Y

Int.J.Mod.Phys. Dubna, Russia, 2015
A24’1417(2009) 102 T T TTTTIT T T TTTTTT T T T TTTTI T HSQCD,16

ptp~>h+X Gatchina, Russia, 2016

$"*= 200 GeV

10!

10°

o ) g STAR:
Solid line for =~ meson 1o ity PRL 92 (2004) 092301
is a reference curve 10* EFL‘; 212(2((2’83)5)1%?01
= = 1073
e, =02, a,=1 T g PRC 71 (2005) 064902
¥ PRC 75 (2007) 064901
10 h PRL 108 (2012) 072302
10 o * A 04 075
107 O K 03075 Y A 04 05
108 £V K03 06 4 £ 0405 PHENIX:
L0 A K 03 06 ® = 05 055 PRC 75 (2007) 051902
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» Energy independence
> Angular independence > Power law ¥(z)~z P at large z
» Flavor independence > &, ap independent of p;, sY2

» Saturation for z < 0.01
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Self-similarity of Kg° production in pp & pp

CERN: UA5
PLB 199 (1987) 311
NPB 258 (1985) 505

CERN: UA1
PLB 366 (1996) 441

FNAL: CDF Coll.
PRD 40 (1989) 3791

RHIC: STAR Coll.
PRC 75 (2007) 064901

LHC: CMS Caoll.
J. High Energy Phys.05 (2011) 064
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SppS, Tevatron, RHIC, LHC
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» Energy independence of ¥(2)

102 107! 10°
V4

10!

» Saturation of ¥(z) for z < 0.01
» Shape of W(z) is the same in pp and pp

M.T. & l.Zborovsky
ISMD’11
Miyajima Island,
Japan, 2011

Solid line for T meson

IS a reference curve
e, =02, o, =1




Model parameters: 9, e, C

Parameters o, e, c are found from
the scaling behavior of ¥ as a function of self-similarity variable z

Proton fractal dimension  Fragmentation dimension “Specific heat”
0 EF C
0.8 . —— 1.0 T T T T T T T T T 0.5 T
p+p—>h+X 0.8} p+p—oh+X o4r  p+p—oh+X
0.6 0sl o osl
(o - e 0099~ — — — — 9~ wl'-h ~20(y_._ [S) - 090~ — — — — 9~
04} ~5% ] 04r ~10% S I 02r ~10%
02} -e- 1 0.1r
RS 0 00— BT 10
s'2(GeV) T KK K ¢ A AT E Q 512 (GeV)

> 3, & , ¢ are independent of \/s, Pt
> ¢ depends on flavor

A discontinuity and strong correlation of the model parameters
could give indication on new physics in pp collisions:
Search for phase transition, critical point .... with strange probes.
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What about self-similarity and flavor independence
of W(z) for top quark production
In pp collisions at LHC ?
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Top quark production and decay

Gluon fusion Quark-antiquark

Top-quark discovery . . . 4 annihilation

q I

# i o ¢ ]

CDF Collah. F.Abe et al. § t
Phys. Rev. Lett. 74 (1995)2626. LHC 13 TeV ~90% ~10%
D@ Collab. S.Abachi et al. LHC 7.8 TeV ~ 85% ~15%
Phys. Rev. Lett. 74(1995)2632. Tevatron 1.96 TeV ~ 15% ~85%

m, = 170 GeV .

.
g< b e W decay modes
t VeV, Vo
W uc

d,s
di|eptons Iept0n+JetS all hadronic
v
C U, T A e M1 ’_,V jet jet
> MET
b- jet
I'.q b-jet b-jet
e, T

Alberto Orso Maria lorio ~9% jet

(for the Atlas, CMS, and LHCDb collaborations

DIS2016, Hamburg, Germany

]
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Inclusive tf cross section [pb]

Top quark properties: mass, charge, spin, width, lifetime,

Cross section

ATLAS en7TeV (L= 46
CMSen7TeV (L=5f")

ATLAS eu 13 Tel/ (L=3.2
v CMSen 13 TeV(L=22
ATLAS ee/uy” 13 TV (L=
ATLAS I+jets™ 13 TeV (L=

CMS alljets* 13 TeV (L=
* Preliminary

102

10

[ w Tevatron combined 1.96 Ta\u’tL LE:3]
CMS gw" 5.02 TeV (L=26pb")

.

n

L]

m ATLAS ey 8 TaV (L =203 o)

® CMSenBTeV (L=197")

v LHCcombmeueusTeV[L 53-20310")
u o)

'y

o

f

L CMS l+ets™ 13 TeV (L=231)

= NNLO+NNLL (pp)

=—— NNLO+NNLL (pp) 1
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
NNPDF3.0, m,, = =1725GaV, o (M )=0.118 = 0.001

ATLAS+CMS Preliminary  Aug2016 |
) LHCfopWG

1b]
3‘5pr
85pb|

253f")

900F

800F ]

700F ]

13 Vafev]

2 4

6 8 10 12 14
/s [TeV
o(tt), pb teltev]

CMS 13 TeV 793 + 8 + 38 (2.2 fbl)
ATLAS 13 TeV 803 + 7+ 27 (3.2 fo)
CMS 8TeV 244.9+14+6.3 (19.7fb)
ATLAS 8TeV 242.4+1.7+55 (20.2h )
LHCh 8 TeV 289 + 43 =40 (2.0 fbl)
CMS 7TeV 173.6+2.1+45 (5.0 fo?)

ATLAS 7TeV 1

LHCb 7TeV 2395333 (L0fbY)

CMS 5TeV 8

Jay Howarth

(for ATLAS Collab.)
ICHEP2016, Chicago,USA

Michelangelo L. Mangano

829+3.1+4.2 (4.6fh1)

2+20+5(26 pb?)

ICHEP2016, Chicago,USA

Mass

Top-quark pole mass measurements July 2016

DO oftt), 1.96 TeV
PLB 703 (2011) 422
MSTWO8 approx. NNLO
DO oftt), 1.96 TeV
DO Note 6453 CONF (2015)
MSTWO8 NNLO

DO oftt), 1.96 TeV
arXiv:1605.06168 (2016)
MSTWO08 NNLO

ATLAS oftt), 7+8 TeV
EPJC 74 (2014) 3109

——— 167.50 *520 , o GeV

— 169.50 ¥330 , . Gev

——— 17280 %338 , . Gev

—— 17290 *250 , . Gev

ATLAS tt+j shape, 7 TeV

173.70 +2.28 v
JHEP 10 (2015) 121 —@— 1787075 5 41 Ge

CMS oftt), 748 TeV

173.80 +1.70 GeV
arXiv:1603.02303 (2016) —— -1.80

CMS tt+ shape, 8 TeV +4.52
TOP-13-006 (2016 ® 169.90 -3.66 GeV
CMS ofth), 13 TeV o 17230 270, . Gev

TOP-16-006 (2016)

World combination
ATLAS, CDF, CMS, DO ol
arXiv:1403.4427, standard measurements

173.34 *076 _ _ GeV

L by 1y P R

150 160 170 180
m, [GeV]

m, , GeV/c?
CDF+D@+CMS+ATLAS

173.34 £0.27+£0.71 GeV/c?

arXiv:1403.4427

Top quark is a complementary probe

to search for new physics:

tagged jets, t-t, t-b resonances, A, Arg , Acp
t-t spin correlations, polarization,..

electric charge +2/3e
color triplet

spin
topness

full width
lifetime

1/2
+1
2.00+£0.47 GeV
~3.29-10%°s

decay (Br = 100%) W— bt

3 generations of quarks

t=>Wb, Vi Vg Vi, FONCit—Ze(u), t—(Z,0,9)y, f=——

] 10F) = 334
Massm=15t045MeV 1 Charge=3e 1, =+}
my/mg = 0210 0.7
E 1Py = 414
Mass m=5to EEMV"‘] Charge = 3 e I, =-3%
ms/ma = 17 to 2
(my+mg)/2 = 25 to 5.5 MeV
G i0P) = o4 )
Mass m = B0 to 155 MeV [ Charge = —§ e Strangeness = -1
(mg = (my + mg)/2)/(mg — m,) = 3010 50
1Py = o(4+)
Massm=10to14GeV  Charge=3 e Charm = +1
1Py = o4
4010 45GeV  Charge = —§ e Bottom = 1
[ P = 0(3+)
Charge % e Top = +1

Mass m = 174.3 £ 5.1 GeV
Mass m = = 178.1 llgi GeV

Georgios Daskalakis
(for CMS Collab.)

ICNFP2016, Crete,Greece DIS2016, Hamburg, Germany

Alberto Orso Maria lorio

Antonio Limosani

(for the ATLAS, CMS, and LHCb Collab.) (for ATLAS Collab.)

ICHEP2016, Chicago,USA

J.Fernandez

(for ATLAS,CDF,CMS,D@ Collab.)

LHCP16, Lund, Sweden

(direct observation of top events)
(Standard Model electroweak fit)




Top flavor & z-Scaling

pPp & pp @ 1.96,7,8 TeV
low integral luminosity
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Self-similarity of top quark production at Tevatron

D@ Collaboration V.M. Abazov et.al.
Phys.Lett. B 693 (2010) 515.

O = e I I L UM I
2 s IDEJ o oo 10 .
& f M

&4 [ Background

T L

— L

= 3

Z 3

100 150 200 250 300 350 400

m; [GeV/c?]
T—- T T T T T T T T T T T
S D ey
[ -
S R .
- E
% .Backgmund
o
=
T

0 50 100 150 200 250 300 350 400
top quark P, [GeV/c]

» Measurements of p; and my distributions
» Probing large momentum 20<p;< 400 GeV/c
» NLO, NNLO, MC@ NLO, m,=170 GeV
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UPTTER 3 JINR E2-2012-12
. midrapidity 33 Mod.Phys. 3(2012)815
10° E 3
\S_-: 107! EE Zo0Z é
- Yooy ]
107 3 E|
3 0,=0.0045 ;
107 E 3
10 i ronl il sl L1 bl 1 1-
10 102 10! 10° 10!
Z
> Flavor independence of W¥(z)
> Saturation of W¥(z) for orz<0.1
> Fractal dimensions 6 =0.5, g,,=0
» “Specific heat” ¢ =0.25

Very small energy loss in the

elementary tt production process.

D@ data confirm self-similarity

of top quark production in pp.




Self-similarity of top quark production at LHC

Differential production cross sections
as a function of the transverse momentum 107 &
of the top quarks p F 3 M.T. & l.Zborovsky
-~ o F CMS, 114 fb* I:Zp toptX 3 ISMD’12
e o L $57000GeV 1 Kielce, Poland,2012
E"\U i Dilepton Combined ;a;;tgeraph 1 E mldrapldlty ;
e f “MC@NLO ] - -
8 T — POWHEG | - -
‘—H:-D 10“ E_ _E
~ - Zo o Z 3
10° 4 of I W oy ]
f \ ] ' E 3
£ _ - decay mode o ]
o “l\\ ] o ® Icplontiet 0.0045 )
0 50 100 150 200 250 300 350 400 10 |§' O dileplon 0.0052 _gl
et [C2] £+ MC Ieplontet 0.0045 E
CMS Preliminary, 1.14 fb' at\s=7 TeV - X MC dileplon 0.0052 -
= Illfll-liijl;:slé":)-”eld"””IIIIIIIIIIIIIII 107} gonpinul oo wronneld v ool oo poonoed v vl oo Wevond 1
Eu 10_2?6!1 e ambin ;E,;?Gmph | 10-5 10-4 10—3 10—‘2 lﬂ_l 100 lﬂl
= L MC@NLO 3 z
%gﬁh r — POWHEG .
o8 S _ > Flavor independence of W(z)
. N | > Saturation of W¥(z) for orz<0.1
N > Fractal dimensions 6=0.5, &,,=0
J}\i > “Specific heat” ¢ =0.25
1056400 180200250 300 380 400 - - -
posi[Ge] CMS data confirm self-similarity
CMS Collaboration, of top quark production in pp
CMS-PAS-TOP-11-013 (2011) e
e — e — T AL LR

ISMD’16, August 29-September 2, 2016, Jeju Island, South Korea



Self-similarity of top quark production at LHC

Differential production cross sections

asa functlon Of the transverse momentum 102 T T T Trrm T T I T T TTrrm T T T ITITT 1
of the top quarks p CMS, 5.0 b’ p+p-> top+X
o 0 BT o' §'2 27000 GeV
E 9? Dilepton Combined ;nDAZfGraph i L mldrap{dity
= s = MC@NLO ]
%|“.§ 3 PD\%HEG E 10°
—c g Approx. NNLO E
6 j (arXiv:1009.4935) 77 —
4 Gvs| > 1
3 ] Yo ALy
2 3 107
1 =
050" 00 150 200" 250 ‘éoot 350 400 dccay mode g
P, [GeV] 107 ® leplont]
jels  0.0052
A0 CMS, 50 fb'at\s =7 TeV < dilepton 0.0052
= S L R R R R AR AR AR
% 9%_e/|,L+Jets(:oml:>ined . tha . _% 104 Lol Lol 11l L1t L1
S = Mogho 10 107 10" 10° 10"
— > Flavor independence of W(z)
Z > Saturation of ¥(z) for orz<0.1
3F B E . .
> Fractal dimensions 6 =0.5, g, =0
et ST > “Specific heat” ¢ =0.25
0 50 100 150 200 250 300t Egoevd-]OU
pT = - - -
CMS data confirm self-similarity
CMS Collaboration, f k d . .
CMS-PAS-TOP-11-013 ot top quark production in pp
Eur.Phys.J.C73(2913)2339 -—
L o— """T""T?"'."T“'"

ISMD’16, August 29-September 2, 2016, Jeju Island, South Korea



Self-similarity of top quark production at LHC

Differential production cross sections
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Top flavor & z-Scaling

pp & pp @ 1.96,7,8,13 TeV
high integral luminosity
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Self-similarity of top quark production at LHC @ 7 TeV
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Self-similarity of top quark production at LHC @ 8 TeV

as a function of the transverse momentum C MS & AT LAS
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Self-similarity of top quark production at LHC @ 13 TeV

Differential production cross sections
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Self-similarity of top quark production in pp

Self-similarity parameter “Collapse” of data points onto a single curve
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Top production at a constituent level

Momentum fractions

L Vs.pr & \/S _ Top quark:
+p()= top+X ] -
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Negligible energy loss — high sensitivity at high x; to
- structure of colliding objects (dimensions o, , J,)
- constituent interactions ( “specific heat” c)
- transition of point-like massless top to massive top (my,, =~ My,)

Verification of universality of W(z) shape over a wide z-range.
Extraction of ¢,,, — estimation of energy loss.
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Self-similarity of top quark production at LHC @ Tevatron
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Conclusions

» Results of analysis of new LHC data on inclusive transverse
momentum spectra of top quarks produced in pp collisions
at Vs=7, 8 and 13 TeV in z-scaling approach were presented.

» New confirmations of z-scaling at LHC (energy and flavor
Independence, saturation of Y¥(z) ) were demonstrated.

» D@ data on top transverse momentum spectra in pp collisions
are in agreement with CMS and ATLAS data in pp collisions.

» z-Scaling of hadron production at high energies manifests
self-similarity, locality and fractality of hadron interactions
at a constituent level.

New TeV-energy region is available to search for,
study and understand new physics phenomena at LHC.
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Top-Quark p-Spectra at LHC
and Flavor Independence of z-Scaling

M. Tokarev (JINR, Dubna) & 1. Zborovsky (NPI, ReZ)

Self-5|m|Iar|ty of top production at LHC & Tevatron

5" (GeV)

1960
7000
7000
7000
7000
7000
8000
8000
8000
8000
8000
8000

PRD90(2014)092006
PRD90(2014)072004
JHEP06(2015)100
JHEP06(2015)100
EPJC73(2013)2339
EPIC73(2013)2339
PRD93(2016)032009
arXiv:1511.04716
EPIC75(2015)542
EPIC75(2015)542
EPIC76(2016)128
arXiv:1605.00116

13000 CMS TOP 16-011

x 20

S

ATLAS:

=
o]

12 12

CMS:

(TeV) s (TeV)

ptp(p)>top+X —
midrapidity _

102 & 71 o7 1+ 4
v 7 lept. & 7 14

107 & 7 hadr. © 8 1+l =
08 M 4 84

10 & 8 14 O 8 jH Z20zZ N

A8 1

10° o 13111 VAV B
DO0: © 1960 GeV 1+ 0,=0.0045

10-6 Ll Ll Ll Lol
102 10! 100 10!

V4

“Collapse” of data points onto a single curve.

ISMD’16, August 29-September 2, 2016, Jeju Island, South Korea

e

] |-||'u'-l'l'l AL TITTTan
I []




