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(g —2)/2 of muon

Magnetic moment of Dirac

particle: i=gtz

2mc
gyromagnetic factor g for

point-like fermions =2

Hadronic Vacuum Polarisation
(VP)

Hadronic light-by-light Weak
Scattering Interactions
W W
H Vy

Higher order contributions make muon a0 265 —
magnetiC anomaly Clu = (g — 2)/2 = 0 HLMINT 2011 —e—i
aptheury{SM] —_ auQED + aphad 4 apweak DHMz 2011 —e—
DszgdZ4%017 (this work) o
had,LO : : : s
a™ et is calculated by integrating
eXperimental a(e"'e_ - hadrons) BNL-E821 (world average) »
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had . 700 -600 -500 -400 -300 -200 100 0 )
a™tt, = 3n2 j ds R(s) - x 107"

am?
o(ete™ - hadrons)
o(ete” »utu7)

R(s) =
0.0 Gy, o
0.5 (oY

3.1 GeV
2 Oyl

a, integral

0.0 GeV,. nc
3.1 GeV

2.0 Ge¥

a, uncertainty



(g —2)/2 of muon

Magnetic moment of Dirac

Hadronic Vacuum Polarisation  Hadronic light-by-light Weak
article: eh —> (VP) Scattering Interactions
P ' =g 2mec > ’ "
gy_rom_agnetlc | factor g for ﬂ W : ”'
point-like fermions =2 ’
« Higher order contributions make muon Z307465 —
magnetic anomaly a, = (g —2)/2 # 0 HLMNT 2011 —e—i
aptheury{SM] —_ ﬂFQED + aphad 4 apweak DHMz 2011 —e—
DHMZ 2017 (this work) —e—
had LO . . . —268+43
© amttyy is calculated by integrating
eXperImental O-(e+e_ — hadT'OTLS) BNL-E821 (world average) -
() |....|....|...|.arXIV17O.6..O.9436.VIE1“
had . 700 -600 -500 -400 -300 -200 -100 0 )
a™tt, = 3n2 j ds R(s) - x 107"
4m?2
o(ete™ - hadrons)
R(s) = T
olete” > i) 39 6Y 49 &Y
3.1 GeV 2.0 GeV
2.0 Gl

High precision hadronic cross sections
measurements in E_, <2 GeV
are needed

a, integral

a, uncertainty



Perspectives for muon (g-2) measurements

Experiment: E969 (FNAL) -> 0.14 ppm
J-PARC (Japan) ->0.1 ppm

The muon g-2 superconducting coil rolls toward Wilson Hall
at Fermilab in Batavia, Illinois on Friday, July 26, 2013.
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VEPP-2M "™ VEPP-2000

(2001-2007)

ILU
L\ 3 MeV
Linac
B-3M
200 MeV BEP
synchro- €,c
etatirom booster
' 800 MeV
© 180-700 MeV
ee—>
convertor
¢ E=~1GeV (per beam)

¢ L=~1%103%2cm?sec! (1x1 bunch)















Design parameters @ 1 GeV

Circumference

24.388 m

Beam energy

150 1000 MeV

N of bunches I1x1

N of particles ~ 1x10"
Betatron tunes 4.14/2.14
Beta* 8.5 cm
BB parameter 0.1

Luminosity

1x1032 cm=s7!
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Design parameters @ 1 GeV

VEPP- ZOOO overwew
AR R e

Circumference 24.388 m

Beam energy 150 +1000 MeV

N of bunches 1x1

N of particles ~ 1x10"

Betatron tunes 4.14/2.14

Beta* 8.5 cm

BB parameter 0.1

Luminosity 1x1032 cm2s7!
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The concept of Round Colliding Beams

Axial symmetry of counter beam force  + X-Y symmetry of transfer matrix [P2IP

2Ss

Additional integral of motion (angular momentum M, = xy - xy’)

Particle dynamics remains nonlinear, but becomes 1D

Lattice requirements:

Head-on collisions!

Small and equal B-functions at IP: =
qual B BX By Round beam
Equal beam emittances: Ex =&y
M, =M,
Equal fractional parts of betatron tunes: Vi =V,

L.M. Barkov, et. al, Proc. HEACC’89, Tsukuba, Japan, p.1385.
S. Krishnagopal, R. Siemann, Proc. PAC’89, Chicago, p.836.
V.V. Danilov et al., EPAC’96, Barcelona, p.1149.

S. Henderson, et al., Proc. PAC’99, New York, p.410.
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CMD-3 detector & physics program

-

1k
........

: e~ —had : : :
Precise measurement of R = Jie(eief_;’;f_n)s) to achieve <1% systematic for major channels

. Study of exclusive hadronic channels of e*e™ annihilation, test isotopic relations

. Study of the “excited” vector mesons: p’,p", w’, ¢’ ...

. Study of Gg /Gy for nucleons near threshold

. CVC tests: comparison of isovector part of o(e*e™ — hadrons) with 7 —decay spectra

29
. Diphoton physics (e.g. n’ production)



SND detector

NIM A449 (2000) 125-139

Calorimeter
Thickness 13.5 X,
Acceptance 0.95 X 4m
. og _ _0.042
Energy resolution E = Veiger]
e’ Angular resolution 644 = G ®
90 = */ElGev]
0.63°
Tracking system
Acceptance 0.94 X 417
(9 layers)
Angular 0p = 0.55",09 = 1.2°
e et et ey resolution
0 20 40 60 80 100 cm
Vertex resolution ogr = 0.12cm,
1 — beam pipe, 2 — tracking system, 3 oz = 0.45cm
—aerogel Cherenkov counters, 4 — Aerogel counters
Nal(TI) crystals, 5 — phototriodes, 6 — K/m separation E<1GeV
iron muon absorber, 7-9 — muon
detector, 10 — focusing solenoids.

04.07.2018 QCD2018 30



Energy measurement by Compton back scattering
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M.N. Achasov et al. arXiv:1211.0103v1 [physics.acc-ph] 1 Nov 2012
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In few points this method have been controlled by

. . 31
the resonant beam depolarization
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CMD-3: overview of datataking

® 2011-2013

a”
.t

ot
o

® 2017 ‘a‘ .»

I
st
.....
P
....
et
ot

CMD3 collected Luminosity as of 15.05.2018
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“Flip-flop™ effect

T

0.18 0.19 0.21 0.22 0.23 0.24 0.26
02 Tune 025 B

E =240 MeV,
Lheam ~ 5%X5 mA
Projection on X
A/A_max A
i
T T | T T T T | T T T : jf i
H
0.18 quljj;e 02 0.21 —- / \
N
/ A\l

Coherent beam-beam m-mode
interaction with machine
nonlinear resonances?




BeamShaker

Kicked bunch oscillations lots decoherence very fast in the presence of counter beam’s
strongly nonlinear field. Weak and fast kicks should effectively increase the emittance
similarly to quantum excitation by wiggler.

At low energies emittance growth is available up to
aperture restriction. That allow with the same
beam-beam parameter (particles density) increase
the beam current and luminosity.

C_AN_-_bus
PC| DAC
Typical values:
50-100 V, 300 ns, 50 us D
Square
(Trev =81.4 IlS) Wave

Experimentally: permanent excitation of “strong” beam size prevent it from shrinkage to
natural value during injection cycle of “weak” beam, or whatsoever. Very effective
suppression of flip-flop meta-stable states.

In addition large emittance results in a lifetime enhancement.




Shaking @ pickup

Pickup signal, without counter beam, 360 MeV

Periodically excited
oscillations gives the
line spectrum

P - A |4 Y . I\ "
s : A h \ A\ AL Y 7~ , !
il A ) L i s P g et g e S e
T T 7 T T : ; T T T T T T T ; ;
0427 0128 0129 013 0131 0132 0133 0.134 0135 013 013 0.4 0341 0.143

Tune

Pickup signal, with strong counter beam, 274 MeV

[+ gq 3
o =

1.83 3

1.823

~1.813

E 153 A )
. :1 79 E | 1 ﬂ..
@ 274 MeV: 7 TR

#1783 g l
s T ks Au A AARALLLH i TS T
i AL VWWW[\VM»\H Hial

O = 230 pm @ pickup S —— T i Wy
=130 ms = 1.6x106 turns P T — \—

H1.733
E] =

i
—

—

mmmw“w“w

Tdamp

T T T T
500 600 700 800 900 1,000

100 turns



Coherent beam-beam spectrum

Av = arccos(cos(zv,) — v, =0.135,v_=0.345
—27é&sin(nv,))/ r—v, Av=021 —» £=0.17/1P

Here the Yokoya factor Y = 1, due to fast kick method of eigen modes excitation and due
to short period analysis (studied (@ VEPP-2M; simulated for VEPP-2000 by D.Shatilov)




Luminosity and beam-beam parameter
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Luminosity,

Data collection ~ €MP-3 luminosity,

averaged over 10%
of best runs
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CMD-3: overview of datataking

2011 2012 2013 2014 2015 = 2016 2017

L, 1/pb
>
(-

—y
i
-

1.28-2.007 GeV

120 scan

100

80 1-2 GeV

upgrade
60

0.55-1 GeV

0.36-1 GeV scan
scan :

40

y |

20

l | | | I I i | | I | | I | i | | l | | | | [ | I | | I

01/2012 01/2013 01/2014 01/2015 01/2016 01/2017 01/2018
Date

« Data taking will be continued to collect ~1 fb~! in the next 5-10 years
39
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Conclusion

CMD-3 and SND has taken >300 pb~! of data in the whole energy range
0.32 < +/s < 2.0 GeV and will take ~2 fb~1 in the next years

The detector subsystems upgrades are planned (endcap and barrel
coordinate counters, possibly a new drift chamber)

New particle identification technique based on the dE/dx in 14 layers of
L Xe-calorimeter has been developed, and will be applied in the next
seasons for KYK~, KYK~n% K*K~2n°, K.KEn™ final states analyzes

This is just a beginning, do not oversleep new interesting results from us!
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Thank You for Your Attention!
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e+e_ — KSKL at ¢
» The final result published in PLB 760 (2016) 314-319

« Systematic precision ~1.8%

o S0
e 10° E e 2:1%.2 a) -% - ) = o & p interf,
= — CMD-3 Fit 40 === (& ointerf.
- =—4— CMD-3 2012 - — - 0 &(0'+ p' + ) interf.
102 L = CMD-32013 30 - &— SND
= . —— CMD-2
C 20 - —— CMD-3 Fit
- - —&— CMD-3 2012
10 10 —e— CMD-3 2013
E .- | : ................ T T
E 0.05 I_‘ J : I |[ b) 0 :uu.--.-. s i—r‘f— —_—— e A e s s s s N e RN LA EE LW
% 0 } f’: ! i %* :IJ -10 E_
2005 gbyi-t ; - ..
| "-_:.EL] =P N PR B B I L
1000 1010 1020 1030 1040 1050 1060 1010 1020 1030 1040 1050 1060
E.m. MeV E.m, MeV
The results of the approximation procedure in comparison with previous experiments.
Parameter CMD-3 Other measurements
mg, MeV 1019.457 + 0.006 = 0.060 + 0.010 1019.461 + 0.019 (PDG2014)
[y, MeV 4240 = 0.012 £+ 0.005 + 0.010 4266 + 0.031 (PDG2014)
l-‘qb—;eeB‘ﬂ_i_KEKE* keV 0.428 + 0.001 £ 0.008 = 0.005 0.4200 £+ 0.0127 (BaBar)
B‘;.*EEB‘#'_;K?K?, 1073 10.078 = 0.025 + 0.188 = 0.118 10.06 £+ 0.16 (PDG2014)




ete” —» tm: pion formfactor measurement

In both cases 2D-bin-likelyhood function is constructed, its minimization gives N,;;;/N,,

The projections of the fitting functions after minimization:

10°

10°

10?
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Additional test - o(ete™ - u*u~) measurement:
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Currently the systematics is estimated to be 0.4-0.9%
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The final result published in PLB 779 (2018) 64

ete” > K"K~ at ¢

Comparison with other experiments:

-2 T T I T | T
S s p ] i = ' ]
s I Z o0.05 -
10° |— 201 4 3 ] -7 ]
: | | B ot i
- : e I 005} ]
| 29000 7020 10'40E ‘ M;\O!SO_ I 15_ —=— CMD-2 95 _E
10% —— CMD-3 FIT — . g - gxge g
- —=— CMD-3 2012 . 01510 —=— CMD-3 2012 E
B —&—= CMD-3 2013 i -0_2f— —e— CMD-3 2013 —f
7070 7020 1030 - 1040 - 7050 1060 ~ 1020 1040 1060 1080 1100
E.m » MeV ﬁ Ib L S B B ;
Systematic precision ~2.0% © 05 E
ittt
CMD-3 results are above CMD-2 and BaBar, but are ~ o0k ¢ E
consistent with isospin symmetry: : -
-0.1— i
Joktk- - i
R = ¢ = 0.990 + 0.017 0.1sf - Badar &
, - —=— CMD-3 2012 3
9020 1040 7060 1080 1100
Ec . MeV
The parameters obtained from a fit of the cross section compared with previous experiments.
Parameter CMD-3 Other measurements
my, MeV 1019.469 £ 0.006 £ 0.060 £+ 0.010 1019.461 £+ 0.019 (PDG2016)
Iy, MeV 4249 + 0.010 = 0.005 + 0.010 4.266 &+ 0.031 (PDG2016)
Fy—eeBy_x+k-, keV 0.669 + 0.001 + 0.022 + 0.005 0.634 + 0.008 (BaBar) 16
By see By k+k-» 10— 15.789 + 0.033 + 0.527 + 0.120 14.24 + 0.30 (PDG2016)




Scanning of NN threshold

The 2011-2012-based results pp cross section measurements and the results for o
M

ratio were published (PLB 759 (2016) 634). In 2017 a more thorough threshold scan
was performed: arXiv:1808.00145[hep-ex]

Q o[~ I e
Té : %0.5—
P T o
© :
0,5:_ BaBar
i - CMD3 2011-2012
i ; - CMD3 2017
1900 1950 2000

\4 Ec.m., MeV
A solid curve shows the prediction from recent works:

A.l. Milstein and S. G. Salnikov, arXiv:1804.01283v1 [hep-ph]

V. F. 200 Dmitriev, A. |. Milstein and S. G. Salnikov, Phys. Rev. D93, 034033 201 (20,16)
A. |. Milstein, S. G. Salnikov, Nucl.Phys. A966, 54 (2017)



e+e_ — KSKL at ¢
» The final result published in PLB 760 (2016) 314-319

« Systematic precision ~1.8%

o S0
e 10° E e 2:1%.2 a) -% - ) = o & p interf,
= — CMD-3 Fit 40 === (& ointerf.
- =—4— CMD-3 2012 - — - 0 &(0'+ p' + ) interf.
102 L = CMD-32013 30 - &— SND
= . —— CMD-2
C 20 - —— CMD-3 Fit
- - —&— CMD-3 2012
10 10 —e— CMD-3 2013
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E.m. MeV E.m, MeV
The results of the approximation procedure in comparison with previous experiments.
Parameter CMD-3 Other measurements
mg, MeV 1019.457 + 0.006 = 0.060 + 0.010 1019.461 + 0.019 (PDG2014)
[y, MeV 4240 = 0.012 £+ 0.005 + 0.010 4266 + 0.031 (PDG2014)
l-‘qb—;eeB‘ﬂ_i_KEKE* keV 0.428 + 0.001 £ 0.008 = 0.005 0.4200 £+ 0.0127 (BaBar)
B‘;.*EEB‘#'_;K?K?, 1073 10.078 = 0.025 + 0.188 = 0.118 10.06 £+ 0.16 (PDG2014)




CMD-3 Performance (2011-2013)

BGO e*e — vy
BGO MC e*e — vy
LXe+Csl e — e*e
LXe+CsI MC single y

e 1.0-1.3 T magnetic field
* Tracking: ogy ~ 100 4,0, ~ 2 —3 mm
e Combined EM calorimeter (LXE, Csl,
BGO), 13.5 X,
» og/E ~ 3% — 10%

AE JE

Relative energy resolution o/ E, %
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ete” - 3(mtm™) & NN threshold

« The 2011-2012-based results were published in PLB 723, 82 197 (2013), new data
confirm the drop of the cross section at NN threshold

“born cross section” level
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« Curious thing: we
see no drop in
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ete” > K*K ntm~ & NN threshold
« The major intermediate states were found to be

* fo(500)¢ & £,(980)¢,
¢ :0(770)(KK)S—WCLU€I

* (K1(1270,1400)K)s-wave (K" (892)T)s_waveK * Their relative amplitudes were found
* (K1(1400)K)s—wave— (P(770)K)s_wave K from the unbinned fit of the data:

% s00F . 2 220 2. f

= K*(892) = 200 ¢ (1020) = :moE

Z 5250;

E :;’200:

50
ot
600 700 BDD 900 1000 1100 1200 100010501100115012001250130013501400 300 400 500 600 700 800 900 1000
M, (K*1%), MeV/c? M, (K*K), MeV/c? M, ('), MeV/c?
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ete" oD K'K nK'K w

* The dominant mechanism was found to be ete™ - ¢(1680)

— ¢n => the case for ¢(1680)

parameters measurement from cross section fitting

Number of events

1080 1100

1040

M, ok MeV/c?

—1— BaBar

~—J— CMD3 2011

—f— CMD3 2012

—f— CMD3 2017

—+— fit CMD3

—— nonresonant part of fit
—1}— interference part of fit

LT

o (e'e->0n), nb

|IIII|IIII|IIII|IIII|IIII|IIII|IIJI

it

é‘_

.m ., e
¢’ parameters from fit

Parameter Value (CMD-3/BaBar)

Z/udf  91.3/60 = 1.55 / 184.9/144 = 1.28
Y B(¢'—én),eV 100411 / 154432

my ,MeV 1682+5 / 1709+19

[y MeV 199426 / 325468

* 1 was considered as a recoil particle:

AE = \/p% +mj + \/ﬁ‘f‘,i +m?2 + \/ (P + pic+)? +m2 — Eem.
& F data
C>IS 600 —
5 m-total MC
2 WEKKeos)
> :
Z 300

|||I||\III1IIII|I

F

Similarly the o(ete™ > K*K~w(782))
was measured:

o(e'e -> K'Kw), nb
A AR RARERSEE N




Other results

« Study of ete™ - 2n*27~ in the range « Search forete™ -» n'(958)
(PLB 768 (2017) 345-350) (PLB 740 (2015) 273-277)
myTs 2 e+

oEcm)=00-f(Ecm)-|1-Z

f(Ecm) = eAem —my)

o (e'e’ = ntnntn), nb

m3 — E2m — iEem Ty —’L‘/I/\ .
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E MoV B(n —e‘e) =3.7 10! - Theory
« Measurement of ee™ » ntn~n and n*n~w(782) cross sections:
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New TOF system

“New” TOF (2017-)
“Old” TOF -

2012-2013

Beam axis

¢

f T

In 2013-2016 the TOF system was completely replaced

 More granulated (16 counters = 175 counters)

* 0.8 nsresolution per counter

Strip scintillation counters /
40
scintillator 'SQ’QQ g
LXe outer shell .

WLS fiber optical gel




Number of events

The most hottest resultete™ - 3(n ™) n?

o Based on 56 pb-'in 1600-2000 MeV
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Correctionto K"K~ at ¢

- We observe large
discrepancy between
CMD-2 and CMD-3 data.

- CMD-2 has trigger DC+Z-
chamber+Csl calorimeter
energy deposition - no
cross check! Kaons stop in
first wall and only decays
and interactions provide
trigger.

- CMD-3 has only DC hits in
trigger, but all information
from Z-chamber(the same!)
and calorimeter.

- We can directly measure
trigger efficiency of CMD-2.

- Corrected data should be
published soon

Fit)/Fit

(Data -
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Trigger correction (1+0),;, = 1.094+0.040 (cucr.)

56




<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /Lithograph-Bold
    /LithographLight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MANDELA
    /Mangal-Regular
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /MICRODOT
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


