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Telescope Array hybrid detector
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Camera images Tsunesada (0769)
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An SD hit map of a typical high energy event
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Sagawa(0128), Bergman(0221) TA data
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Sagawa(0128), Bergman(0221)
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Kido (0136)
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Kido (0136)
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BRM+LR FDAT L #A : I Xmax

Nov 2007 ~ Nov 2012: 5-year data Tsunesada (0132), Tameda(0512)
Xstart/Xend definition change

Cut by minimum viewing angle (< 10deg)
Cut by angle btw Shower Detector Planes (SDPs) (< 10deg)
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BRM+LR FDAT L7 : Xmax? 1 &EMCED L ER

Tsunesada (0132), Tameda(0512)
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BRM+LR FDAT LA : XmaxZ D LLER : KST A+
Tsunesada (0132), Tameda(0512)

TA BR/LR Stereo ICRC2013
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MD FD+SD/\NA T )yK A Rk : Xmax

Tsunesada (0132), Allen(0794)

MD-FD (refurbished HiRes-I detectors) + SD (>=3)
SDP by FD + SD shower core
May 2008 ~ May 2012: 4-year data
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May 12, 2008 ~ May 4, 2013 (5 years) Tinyakov(1033)
E>57 EeV, O <55°
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* AGASA has reported clustering at 2.5°, E > 40EeV
* TA: Opairs found (1.5 expected from uniform)
< no clustering at 2.5°
* Extend search for larger angles and higher energies:

Tinyakov(1033)
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2013/09/03 5013 20
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E>10EeV: 2130 ev.

— -

White dots: TA data with zenith angle < 55°

Gray patterns:
expected flux density from proton LSS
2MASS Galaxy Redshift catalog (XSCz)
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Sagawa(0128), Tinyakov(0935, 1033)
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AGNE D F3E 5 EIFERE (PAO(2007) ERICARAT)

ROJE

* 472 AGN from 2006 VCV, z< 0.018 Sagawa(0128), Tinyakov(1033)
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AROJEC‘

arXiv:1308.5808, submitted to ApJ

3CRR, 2MRS, Swift BAT 58M, Swift BAT AGN, 2LAC, VCV 13t
May 2008 — Sep 2011, 0 < 45°, 7L A D+ 573 A > 574 X E> 40 EeV
AFX v ENHINTGA—HE—

v' E>=40EeV

v’ 2<0.03

V =10~ 15 (AR RERARERADGET AN TGN AMERE )
EAEERELIVIAL—avhoEREHE

> HERINEEZDHINTA—F— Y ERE

Catalog E.,[Eev] Window z Keor/Neorr~~ Piso Pin P
Swift-BAT 62.20 10.0° 0.020 17/17 0.52 1.3x10° 0.01
AGN

Swift-BAT 57.46 11.0° 0.017 25/25 0.68 6.1x10° 0.04
58M

2MRS 51.85 6.5° 0.005 29/31 0.62 8.5x10° 0.21
VCV 13t 62.20 2.1° 0.016 8/17 0.14 8.6x10* 0.25
3CRR 66.77 2.0° 0.017 1/11 0.002 2.2x1072 0.75
2LAC 55.41 12.0° 0.018 2/23 0.069 2.1x101 0.83
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‘AROJEC‘

arXiv:1308.5808, submitted to ApJ

Keorr: RIKEMBE D HoT=A NN

Ny : TRILF—LEWNMEL LD AR MK

Po: —FRFADLDEAGFHEER (14X rHTY)
Poin: RARMESR

P:RFILTATHRIELT=P,

Catalog Window Keor/Neorr ~ Piso

Swift-BAT 62.20 10.0° 0.020 17/17 0.52 1.3x10 0.01
AGN

Swift-BAT 57.46 11.0° 0.017 25/25 0.68 6.1x10° 0.04
58M

2MRS 51.85 6.5° 0.005 29/31 0.62 8.5x10° 0.21
VCV 13t 62.20 2.1° 0.016 8/17 0.14 8.6x10* 0.25
3CRR 66.77 2.0° 0.017 1/11 0.002 2.2x107 0.75
2LAC 55.41 12.0° 0.018 2/23 0.069 2.1x101 0.83
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2. TAZRER D FHKETE
* TALE (TA Low energy Extension)+NICHE

- Second knee, GCR/EGCR transition
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Pierre Auger Observatory

(OBSERVATORY

Letessier Selvon(1227)
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. 20

FD Los Morados:

: Yo Y Lidar, IR Camera
Central A /A OO0 —l10

Campus . 70 OO Malarguex
BAe o s nn s ) -
. m
MIDAS _o FD Los Leones:

Lidar, IR Camera
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Pierre Auger Observatory

AUGER

TAFDKYLIREF- KORLOTEHIL
YA AW
+38 [FHEATUE T 2~ JLX—ERA]) FB

[electromagnetic]

24+3 Telescopes, 4+1 sites

energy deposit

N . Water-Cherenkov
\ Detectors

muon + electromagnetic
energy deposit

- KAVOBRHER

gy By T e e SR A s S MR Letessier Selvon(1227)
SETRIILFXF—H IR THDEE
2013/09/03 = L)L 201%3? BIBIR+ = -



ADMDEIGHREEFRITETHER

SD 1500m, 6 < 60° SD 750m, 6 < 55°

E 19? [e] o o U [e] o [e] o i E

>.18; >‘18—7 o o o o o
o ce e o = \Vertical events R I 750 m events
we o o/ @ e - - fully efficient: i . 0 o o o o fully efficient:
R e @e/ - o - E > 3EeV YT e e 5 s E > 0.3EeV
we T 0 ¢ ® ° ° ° | energy estimator: ¥} oo energy estimator:
12? o o o o o o o 838 10} 835
1" Q | . .9 .9 Q e ) C e b b b bl

e w— 0 2 2 Sss = S(1000)/CIC(0) 3130 29 28 27 26 25 24 23 22 S(450) = Sss
x [km] x [km]

SD 1500 m, 62° < # < 80° Hybrid (FD + 1 SD), 6 < 60°

EZG O 0 0 0O 0O 00 0 0 0 0 0 0O gso’(
I;:24 oOooooooooO o . oooooooo . §25 “ Hybrld events
25, 5 6 o o o o o o o o InCIlned eventS g 20 .
20 oooooooooo o ooooooooo 1Al . ° 15 fUlIy effICIent
18°,°.°.° %0 ASRIRIAN fully efficient: E > 1EeV
16,© © e @ @ o oo o o o E>4Eev 10 -
102,°,°,°, 0@ o o o o o o = : energy meas.:
PR energy estimator: of E
jf° 0000000000 N W 10 160 150 140 130 120 FD
. oooooooooooooooooooo oooo oO 19 azimuth [deg]
26 -24 22 20 -18 16 -14 12 -10 -8 Nyo(E, A) = p./pu,19(X, ¥, 0, d)
x [km] Schulz (0769)
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THRLF—REDTOLR:S(1000)5E, DHE

AUGER
OBSERVATORY

Schulz (0769)

@ Real event with
E=(76 £ 2)EeV, 0 = 54°
(Id: 201022604238)

@ SD: Lateral distribution at
optimal distance S(ropt)

@ FD energy: [ Gaisser-Hillas +
invisible energy (~ 10%)

u:'l. E »— non-triggering E 140; %
© 10° —@— saturated K} r
c E S 120
-09; - —@— sat. recovered % B ﬁ/ fﬁ%&\
- 2. 100 i
- o L !
@ & S(1000) % w0
C T [ /
C Q 60 }
10 = . 40i ¢
- -> energy estlmatorf ;
B e 20 %\
1 — I ——— I ——— I —— I —— I —— I —— :/ L L l L L L L l L L L
500 1000 1500 2000 2500 3000 350(: . 500 1000
(Saturation recovery: poster 0633 by D. Veberic) [m] slant depth [g/cm?]
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IRIILF—HEDTOEX:S(1000)>E, DIHFE

AUGER
(OBSERVATORY

Schulz (0769)

10 ; B

15 VEM - SD 750

Calibration funchons:
E-A 8°

@ SD1500m
A= (0190 L 0.005) eV
B = 10254 0.007

® S Inclinea:

A=1561 101 EsV
B=0%885 1002

® S0 7/50m:
A={12.1 L 0.7)PeV
B=103+%1002

1018 10 10%
Erp leV]
BIRILE—H T RTHBHIBRTH
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IR F—RT7—IVEER —

AUGER
OBSERVATORY

(IBRT—ILTORMBEE) verzi (0928)
maximum change at 103 eV <£:17
— 30
Absolute fluorescence yield -8.2% 14% % 25k i por. iﬂg Hipealtyy g;‘gi: vec. + Tnv. ener.
New opt. eff. 4.3% i 20; i o ?igg +FD cal.
Calibr. database update 3.5% A
Sub total (FD cal.) 78% | 95% B F i
10 L S
Likelihood fit of dE/dX 2.2% 57 T
Folding with point. spr. func. 9.4% 0; S
Sub total (FD prof. rec.) 11.6% | 10% S
Invisible energy 4.4% 4% _10; B "
TOtal 15.60/0 22% lszwwlw\\\\\\\\\\\\\\\\\\\\\\\I\\
2175 18 185 19 195 20
/ loglo(E/eV)
Changes compatibles with the systematic .
uncertainties on the old energy scale IFRILF—2TRD

IRILF—IRTFH
16% ~ 10 %

EIRILF—HUTETHBEBRFH
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RV —HTE D RIfERE

Absolute fluorescence yield 3.4%
Fluores. spectrum and quenching param. 1.1%
Sub total (Fluorescence Yield) 3.6%
Aerosol optical depth 3% + 6%
Aerosol phase function 1%
Wavelength dependence of aerosol scattering 0.5%

Atmospheric density profile
Sub total (Atmosphere)

1%
3.4% + 6.2%

2013/09/03

Absolute FD calibration 9%
Nightly relative calibration 2%
Optical efficiency 3.5%
Sub total (FD calibration) 9.9% *
Folding with point spread function 5%
Multiple scattering model 1%
Simulation bias 2%
Constraints in the Gaisser-Hillas fit 3.5% + 1%
Sub total (FD profile rec.) 6.5% + 5.6%
Invisible energy 3% +1.5%
Statistical error of the SD calib. fit | 0.7% +~ 1.8%
Stability of the energy scale 5%
TOTAL 14%

2013

uncertainties on
previous energy

—

14%
scale
5% + 8%
improvement in each
sector with the
950,  exception of FD cal.
(largest contribution)
work 1n progress to
reduce it
10%
4%
22% 4 Verzi (0928)

EIRILF—HUTETHBEBRFH
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AUGER
OBSERVATORY

Schulz (0769)

E [eV] BV
1018 1019 1020 1018 ]019 ]020
| | uger ‘reiminar — - tr ' T T T ' L
- Auger 2013 prel g l\,-'\ ® —e— Auger 2013 preliminary
T‘g 10%8t ﬁm 3 —a— Auger (ICRC 2011)
— ®®e0,. v Ly X SN
| ’ *3 o ® v il LI < -
— | ‘ ‘ ~— -
(\IU) . b ,*i f +k + = 2= ¢
[ °
g | | N [
o 37 1_
ilo : l 1 - “uo . /GE/E(2013)
L n L]
S RHTTITTIoN
o ® SD750m . B "TEe
~ | m SD 1500 m - -
gllASDindined) 1 -1_—....|....|....|....|.....'|'.'.
1017.5 18.0 18.5 19.0 19.5 20.0 20.5 17.5 18 18.5 19 19.5 | %](;)7,/ V)
log,,(E/eV og e
B10(E/eV) Spectrum fit 2013 10
logyo(Ea/eV) = 18.72 £ 0.01
v1 = 3.23 £ 0.01
o = 2.63 £ 0.02
Iog10(E1/2/eV) = 19.63 +0.01
logyg We = 0.15 £ 0.01
2013/09/03 BIRILF—HUTIRTHLBRFEH 39
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Tsunesada (Rapporteur)

1277 Letessier-Selvon
_ 0928 Verzi, 0769 Schulz |
...*."_'!.;;‘.:.‘I ................. ........................................... .............. 0693RaVignani ........................................... g ........
*© . 0128 Sagawa 0221 Bergman

107

107"
i ®C

—e— Auger combined .

5

owan  Twis

Auger combined (E x 1.1) TT +

—
o
)
[ ||I||II| [ IIIIIII| [ IIIIIII| [ |III|II| [ IIIIIII| [ |II|II|| [ IIIIIII| o [T
-
-

= TA-SD ..... I ..... I ........................ ,,,,,,,,
5 years ; ; |

10—18 e ey b e b i O O B i | L ! i
17.5 18 18.5 19 19.5 20 20.5
log (E/eV)
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Xmax|ZB89 57 v T T—Fk -

AUGER
OBSERVATORY

2 Unger (0690)
— G 840 .
NE 4 Fluor. yield + lik. fit + PSF + FD cal. and atm. E ol . ,:uger 281? preliminary
o 18- + Fluor. yield + lik. fit + PSF S . b (=] Auger
— 160 4 Fluor. yield + lik. fit ¥ mof -
= + Fluor. yield X ek veset  ? E
= ]
w 14— E ° * ofac@
D N 740 .o’
g B ++ - (] Y o
ME 12 _._.—;—_i_+++ (G
- P 700 -
10:_ ; 680 —
o ; 660
B —_—— L Ll . L
6:— ,l, 10" 10" 10%°
4: * E [eV]
- — e N'E *F e Auger 2013 preliminary
o] T ere Y O sof [o] Auger 2011
- o)) o
C — TOF
O 1 | | | | | | | | | | | | | | | | | | | | | | | | | | Eé F *
1§ 185 19 195 20 E ek #ig%}m
log (E/eV) T of S L
most important change: 40 F {'i% ¢ }
convolution of point spread function* with lateral shower width 305_
— AXpax ~ +10 g/cm? at low energies : %
20
10;-
: 11 1 III 1 1 1 11 1 III 1 1 1 1 1111
BIRILFT—AUTIRTAHLBEF ° 108 10" 10%°

2013/09/03 2013



FD+SD/NAL 1)k : =

(X__)[g/cm?]

o
N
o

820

800

780

760

740

720

700

680

660

L) XmaxE g

rrryrrrprrrjreyynNrryprrrprrrprrryprrrprrid
I [ RN [ [ [ [ [

N

— EPOS-LHC
QGSJetll-04
---- Sibyll2.1

2013/09/03

) [g/cm?]

max

o(X

2013

90

80

70

20

10

PIERRE
AUGER

Unger (0690)

Auger 2013 preliminary
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FD+SD/ N )yl :<InA>EF DIE

PIERRE
AUGER
OBSERVATORY

Unger (0690)

(Xnax) & (XP.) — Dp(INA)  (InA)y="fInA

e.g. pure p — (InA) = 0, pure Fe — (In A) =~ 4, 50:50 p/Fe — (InA) =~ 2
J(Xmax)2 ~ <a;_2> n Df, 0(|I’]A)2 g.-p 5 ( 2> p ) (In A) p (In A)
ag(InA)= = (In® A) — (In A)
e.g. pure p — o(In A)?2 = 0, pure Fe — o(In A)?2 = 0, 50:50 p/Fe — o(In A)? ~ 4

—~ 4 —~ 4 o~
2 SIBYLL 2.1 2 EPOS-LHC 2 'F QGSlet 1104
\.5/35 \5/35 \5/35
; 3 3
<InA> 3 .
. . 25 2.5 2.5
medium -> light -> heavy ? : t : o H : }
*
1.5] .
viett 1 0 +++++
! L) ®evee *%
0500 q ¢¢ 0.5 5% ’¢
(XXX P P (]
.8 18 18.218.418.618.8 19 19.219.419.6 19.8 .8 18 18.218.418.618.8 19 19.219.419.6 19
f)748 18 18.218.418.6 18.8 l‘)léQg.Z 19(%1/2§,l)98 lOglO(E/eV) lOglO(E/eV)
10
) c‘.' TsIBYLL 2. | -3 F EPOS-LHC 3| .u" T QGsIc 1104 B
SiIgma o
i | .
mixed -> pure ? ’

;+.+

-

+.++0 .:f ,:’ I+.+. ..:+0

W. | s

! |
+ * " ol 8
' t LU L
J ) : |
leg ".". :.. loag AN ! lusg ‘H’.;',"“
2013/09/03 BIFLX—HU TR THIBRTH
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—® gh\ ~ /__—5 ‘-._” __*% -~
AUGER
‘§1st Garcia-Gamez (0694)
~’muon production point
'\%

\OQ, s A QGSJETI-0.4 proton
N " ;B
\//(:o z ',"I T ¥ RI\vIIS B Epos-LHC iron

N\ A1 12 + (z-A) M T BT O
N ; , L
% |6 ¢/ muon traveled distance ¢
ground N> ~ toground mean
N —
N e
AN Obtamed , e o
2 07 = ‘200‘ ‘ ‘400‘ ‘ ‘600‘ ‘ ‘800‘ ‘ ‘1000‘ ‘ ‘1200 112 D I°g1°(E/ev)
Geometric delay 7, : Ct = l (Z rt + A) - (Z -1 X" [g cm?]
measured'_, Example of a real event
‘r
r’ t,|+A <E> — T
z=—|—-c - —
9 Ctg g o 600 proil;oﬂ— . —
=3
X
~

S,=0.4-0.6VEM (avoid EM contamination)
0=55°-65° (less EM, no O dependence)
=1700m (reduce dXmax)

500

!

I T
| iron 17 g cm~ syst. uncert.
Epos-LHC

QGSJETII-0.4

r > r-CUt’ cut
450
2013/09/03 %I*M/—“’F—d@: ;;lfzif&éifwﬁ%m
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AR A AEAT e

AUGER

OBSERVATORY

Sidelnik(0739)

Fourier coefficients a = % Z,Nzl w; cos(a;), b= % vazl w; sin(«;),
Amplitude r = /a2 + b? and phase ¢ = arctan(2)

a

0
10 Auger 750 m (East-West)
Auger 1500 m (East-West)
)
)

|—.—|
—ahA—
—@—

» Energy assignment corrected for weather and geomagnetic effects Auger 1500 m (Rayleigh
99% CL upper limits (isotropy

> w; accounting for the array growth, dead time and tilt of the array

180 T T T % i _I
Auger 1500 m (Rayleigh) —@— 21071t ! ,
Auger 750 m (East-West) —ll— a !
Auger 1500 m (East-West) —&— % . +
Eas-Top o | R S
Ice Cube g - !
90 | S e- - T !
S - |
: 4
-— -1- |
) 3107 é . ]
g W
(] 0r A
g 0
£
o
10_3 1 1 1
270 ¢ = = 0.01 0.1 1 10 100
A Energy [EeV]
0 [AE[EeV] N di +og, [%]e£Ap [PIP(> di) [%] o, [%] 1 [%]
Infill [[0.01-0.025 11819 15 £6.3 334+ 25 5.9 19 28.6
180 : : : : : East-West||0.025 - 0.1 428028  0.3+0.8  122+180 92 2.4 2.2
0.0001 0.001 0.01 0.1 1 10 100 Method [|0.1 - 0.25 223342  1.440.9 277+ 39 28 2.9 35
Energy [EeV] East-West|(0.25 - 0.5 720224 0.4+0.5 2804180 75 1.6 1.5
Method ||0.5 -1 1081810 0.8+0.4 2584+ 30 13 1.2 1.6
_ 1-2 557829 1.0£0.2  335%14 0.03 0.7 15
Eas-Top: M. Aglietta et al. 2009 ApJ 692 L130 Modified 2 - 4 Lig190  1450.5  BHL9 09 L4 28
. aylelg - . . . . .
lceCube: R. Abbasi et al. 2012 ApJ 746 33 > 8 12202 5.9+1.6 86 +16 0.1 49 94
BIRNF—AUTETHLIBREFE
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AXRIBA YT —

proton or nuclei
Top of the atmosphere

EM component e

hadronic 62°<0<80°
component #SD >= 4
Golden hybrid

N19=NM/NM,19 - R,

(corrected the bias < 5% based on MC)

. 24—
— Data: R, = (1.84 = 0.03) (E/10"%V)" %= %% . -
4 i
10 . 174 events / 22 % % % % £ 145
- o~ 20 %
i S i
- () B /+/+/
N e — ——+’+
o T ©  —__ + ---------
MC predictions : I T — L _% %
— ] Ll 1.6 \%\%\ --------------
p QGSJetll-03 B — T
~—" o ~— Fe Ep o
1 — pQGSJetll-04 = - E+14% % CEPOS i
---- p EPOS LHC o 1.4 € QGSvety.py
— Fe QGSJetll-03 — T
— Fe QGSJetll-04 . T —— T P EPOS | o
1.2 —— B e
-+« Fe EPOS LHC i . = Gsiefliw
| [ p QGSletll-03 £ ¥ -
| | | | 1 1 | | | | | 1 1 1.0_’_ | | | | | ‘ | |
10" 10%° 18.5 19 19.5
E-/eV log, (E/eV)
2013/09/03 BIRILX—HUIRTHDIBRFTE 16
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SDIEF R MouttZF RiEL 5 @10%%V

Muon signal rescallng wrt QGSJetII 04 proton Kegl (0860)
20 ‘
\, I 1018.98~1(019-92pV/
~ 18| EPOS.LHC iron Auger data (multiva.riate) r . =950~1050m
S EPOS.LHC proton Auger data (smoothing)
8 { 6] QGSJetIl.04 iron
= | 1 QGSJetIl.04 proton
5 14\%<j[
— |
| !
S 12
N’ ‘ ¥
2 I
3.
@ 1.0
p QGSletll-03 F #£ . _A
\ £ [ — EPOS-LHC T
N QGSJetll-04 -~ (3O
0. 81‘0 : 20 : 3-0 ‘ : 46 ‘ : 5.0 v 60 /Q\é :z: ---- Sibyli2.1 x;i-'-f::"”
Z</ 760 [~
01[°] o
|.33 £ 0.02 (stat.) £ 0.05 (sys.) (multivariate) 3
|.31 £ 0.02 (stat.) + 0.09 (sys.) (smoothing) - . .
E [eV]
2013/09/03 BIRILF—AUIRTHLIBRFEH 4
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3. AugerD e R : F&H

« IRIF—RT—)LZEH > TARYIC
e dip. cut off, =1L, EIRILFT—IaTIETAL RS ?

* <InA>:medium - light & heavy ?

* o(InA):mix - ~pure?

« BEAMMEDI Y T@1018 eV
e Sa—7FVBE|:McEEHLELY
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TALAugerD HRFAE (1) : T—RFEMT
ICZ%(‘%B “‘féi%f Deligny (0679)

AUGER %and TAEAugerDE A DT —2Z V-
Measuring Large-Scale Anisotropy in the - 4273

Arrival Directions of Cosmic Rays éf@;jﬁ']iﬁ#*ﬁ
Detected at the Telescope Array and the

Pierre Auger Observatory Above 10 eV
(ICRC 0679)

Olivier Deligny', for the Telescope Array’

LSS YHECR2012 = ICRC2013 -

1IPN Orsay, CNRS/IN2P3 & Université Paris Sud
2
http://waww. tel .org/index.php/ h/
P publications/conference-proceedings AN Y% i ==
3Full author list: http://www.auger.org/archive/ 7 ' JL
authors_2013_05.html
9 Hanlon (0964)

Understanding the Analyses aygermd$t 2451889 BM{REM I4A R
of Mass Composition Made _ pvcaA/ AU R&EFRL

by the Auger and Telescope - /\1/J1)yRBERERK. XmaxfZHT
Nl Array Collaborations

William F. Hanion’ TAFDD 7 EERE. BEAEE. /N7 R
AUckr  for the Telescope Array and Auger rTA[j:Auger&EJ CE£EOZRTWNADOH ? 1ELVD

Collaborations

—_— s =
LMZ%=
R A
"University of Utah, Department of Physics and Astronomy and
High Energy Astrophysics Institute. ‘

EIRILF—HUTIETHAIBREFEE
2013/09/03 2013 50




LI

RIZLDE

N
l

OF)r

3t

T 4

TAEPAOD H [EHRZE (2)

Flights @ TA-FD BRM:Oct 2012 & Mar 2013

@ Auger, Los Leones:Nov 2012

14000

:

[mrpir ¢ o] B e

A0 -
H000
o000
4000 -
el LLLY

Event display @Auger

3
Time Bin [ 100 ne|

10 100 100 10000

Mean Det. Light [Phobons 7 100ns]
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EHRDFELD

« TADERE  Flif5F + GZKHIE LT

L0

BEIRILYX—4E1E (~60EeVLl L) TIZERDE

o AugerlEIIRILF—RT—)L, Xmaxf@fTZ B

« TALAugerlXIEDW =, BEEIRILXF—TIEEDLLEN
o SDEFDDIRILF—RT—ILDELN(TA)

o Ta—A2iB%El (Auger)

* TALE+NICHEIZ KB IEITRILX—Hi5R
« TAX4IZKBDEFERIEDER > EIREKEA

e TA&EAugerD X R




