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Background

An SR imaging
publication:

l

SLAC-FPUB-1207
(A)
March 1973

MONITORING THE BEAMS IN SPEAR WITH SYNCHROTRON LIGHT*

A. P. Sabersky

Stanford Linear Accelerator Center
Stanford University, Stanford, California 54305

Bringing the Synchrotron Light Out of the Ring

The SLAC storage ring, sFEAK, emits up to 150 kKW per
beam of synchrotron radiation. The power density on com-
ponents inside the ring reaches 1 kW per em2, an transpar-
ent windows siruck directly by the synchrotron radiation are
out of the question. Only 5x18~% of the total radiated power
is visible light at 1.5 GeV, This power can be absorbed
before the light passes through a window by having the radi-
ation strike a metal mirror from which the visible light is
reflected and in which the x-rays are absorbed.

We then face the prohlem of thermal deformation of the.
mirror. The x-ray power is concentrated in an angular
cone of approximately 0.2 mrad width in the vertical plane,
while the visible light has a divergence of 4 mrad., A slot
in the mirror would pass the x-rays, and avoid most of the
héating problems, but this is relatively impractical for a
fixed mirror, since the vertical position of the beam is
uncertain.

Mirror Deformations

A thermal-mechanical amlysisl and cxperiments with
elartron heams show that deformation of a thiek metal

Basic tasks, but still today

E‘Xtreme|y |mp®rr<.IaﬂhH:!\ Advanced|Beam Dynamics Workshop, FL§2018, Shanghai March 5-9.

mirror reaching 10 watts, there hasbeenno degradation of the
beam image due to permanent deformation, and no mirror
darkening.

The window is polished, fused :huartz which praduces a
wavefront distortion <1/4 A at 8000 A,

Aligmment

The idéal cewral-erbitofthe-gtovagering lies in a plane
perpendicular to the direction of gravity, so it is simple to
align the optical axis of the instrument horizontally with
hubhle lavels. There are stainless steel reflecting tarpets
on the floor of the vacuum chamber just below the calculated
position of the beam image. The target (Fig. 3) has two
diffuse-finish segments which reflect light back towards a
source, and a central polished ramp which reflects the light
up and away from the source.

The line of sight passes through the center of the colli-
mator in front of the Invar mirror and is centered on the
dark space between the reflecting segments.

Although the pre-alignment techniques helped o great
deal. it was still necessarv to do a final touchun of alion-
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Background

SLAC-PUB-1207
(a)

March 1973
MOMNITORING THE BEAMS IN SPEAR WITH SYNCHROTRON LIGHT*
A. P. Sabersky
Stanford Linear Accelerator Center
Stanford University, Stanford, California 84305

BEA&AM PROFILE
CALIBRATE PULSE
4 2T

FIG. 9--Scanned horizontal beam profile and calibrator
pulses.
Some progress since then!!
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Example

Measured image FBSF Deconvoluted image
488 nm, o pol., 20 mm baffle 488 nm, o pol., 20 mm baffle 488 nm, o pol., 20 mm baffle
0 0 0
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Fig. 4. Example of beam profile measurement with [o-polarized light lat 488 nm.
Measured image;filament-beam-spread function“and deconvoluted image for baffle

aperture 20 mm (+5.4 mrad horizontal opening angle). Pixel size 3.75um.

FBSF denotes better the image

A. Hansson et al, “Transverse electron beam imaging system formed by SR from a single
using visible SR at MAX III", Nucl. Instrum. Meth. A 671, 94-102 electron!

(2012).
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Example

FBSF Deconvoluted image

Measured image

488 nm, = pol., 20 mm baffle 488 nm, = pol., 20 mm baffle 488 nm, = pol., 20 mm baffle
0 0 0

= 50 5 50 5 50 30
o o o
S 100 _TQB 100 E 100 i Hm
= = = rms
> 150 > 150 > 150

200 200 200

0 100 200 300 0 100 200 300 0 100 200 300
Horizontal pixel Horizontal pixel Horizontal pixel

Fig. 7. Example of beam profile measurement with rnt-polarized Iigh’q at 488 nm.
Measured image, filament-beam-spread function and deconvoluted image for

baffle aperture 20 mm (+5.4 mrad horizontal opening angle). Pixel size 3.75um.

Here the FBSF contributes largely

A. Hansson et al, “Transverse electron beam imaging system to the measured image.

using visible SR at MAX III", Nucl. Instrum. Meth. A 671, 94-102
(2012).
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Outline

e \ariations on the imaging technique
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intensity [a.u.]

Resolving a vertical beam size < 5 um

o-polarized vis-UV
T-polarized vis-UV

electron beam /

thin
absorber

lens

image plane

Pi-pol. Method:
A measurement
A theoretical model
] ! SRW
1 i i I:_ “ _-: Iﬁ
-1 -0.5 0 0.5 1

vertical position [mm]

-

polarizer &
filters

In this case the vertical image
profile will be dominated by the
FBSF, but can still reveal the true
vertical beam size.

Theoretical prediction of the FBSF is crucial. We use
the code SRW:

O. Chubar and P. Elleaume, "Accurate and efficient computation of
synchrotron radiation in the near field region", EPAC1998, Stockholm,

Sweden, p. 1177.
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Intensity [a.u.]

Resolving a vertical beam size < 5 um

peak intensity
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Resolving a vertical beam size < 3 um

g-polarized vis-UY

lens diffraction image plane
T-palarized vis-UY obstacle
——
electron beam /, /
thin
absarber polarizer &
filters
Diffractometer Method:
’ measurement
ﬁ “ —— theoretical model
SRW
The diffractometer method was implemented at §
the SLS (TIARA collaboration): 6,= 4.7 £ 0.1 um E
J. Breunlin et al, "Methods for measuring sub-pm rad vertical u
emittance at the Swiss Light Source", Nucl. Instrum. Meth. A 803,

55-64 (2015).

-2 -1 0 1 2
vertical position [mm]



Resolving a vertical beam size < 3 um

o-polarized vis-UY lens diffraction image plane
T-polarized vis-LY obstacle

electron beam /2 l
thin
absarber polarizer &
filters

J. Breunlin
et al,
“Emittance
diagnostics
at the MAX
IV 3 GeV
storage
ring", IPAC
2016.

o

& & ] 3
warscal pasition jmm| werscal pesition jmm| vertical pestion [men] warscal pasition jmm|

Vertical profiles at 488 nm for pi- and sigma- polarized SR. Measurement and theoretical calculation. AN
Imaging (left) and with diffraction obstacles of increasing height (4 to 9mm, 1.6 to 3.7 mrad). M LV IV

- The vertical beam size was measured 11+0.3 um, corresponding to a vertical emittance of 6.4+0.9 pm rad. HARERATORY



Outline

e Measurements at the MAX IV 3 GeV ring
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MAX IV 3 GeV ring

© Photo: Perry Nordeng
18-Sept-2014

Energy

Current 500 mA

Emittance 0.2-0.33 nm rad

Circumference 528 m

# straight sections 20x5m s
 VVAX TV

LABORATORY

The 60t ICFA Advanced Beam Dynamics Workshop, FL§2018, Shanghai March 5-9.



MAX IV 3 GeV ring

7-Bend Achromat lattice
« MAXIV, the first realization of the multi-bend achromat (MBA)
concept for a synchrotron radiation source.

First ideas, M. Eriksson, 2002 Some 3 GeV ring publications:
M. Eriksson, “The MAX4 accelerator PRST-AB 12, 120701 (2009).
system”, unpublished internal note, (2002).
http://www.maxiv.lu.se/publications Tavares P.F., Leemann S.C,,
Sjostrom M. & Andersson A.,
In User operation’ 2017 Journal of Synchrotron
Radiation, (21), 862-877 MNAKTN

The 60t ICFA Advanced Beam Dynamics Workshop, (2014). HABBRATORY



MAX IV 3 GeV ring
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7-Bend Achromat lattice
e MAXIV, the first realization of the multi-bend achromat (MBA)
concept for a synchrotron radiation source.

First ideas, M. Eriksson, 2002 Some 3 GeV ring publications:
M. Eriksson, “The MAX4 accelerator PRST-AB 12, 120701 (2009).
system”, unpublished internal note, (2002).
http://www.maxiv.lu.se/publications Tavares P.F., Leemann S.C,,
Sjostrom M. & Andersson A.,
In User operation’ 2017 Journal of Synchrotron
Radiation, (21), 862-877 MNAKTN

The 60t ICFA Advanced Beam Dynamics Workshop, (2014). HARCORATORY



— MAX IV 3 GeV rlng DC magnets

e Fach cell is realized as one mechanical unit
containing all magnet elements.

eEFach unit consists of a bottom and a top yoke half,
machined out of one solid iron block, 2.3-3.4 m long.

* a U5 bottom half >
* @ anassembled U5

S ——
P —




Emittance monitor B320B

U1l magnet block

M1 r.nagﬁt block

s | o — 3
— ] a—
= - . (F1E =l - - e |} s | o | — -—

N
thin absorber

horizontal absorbers diffraction obstacles

A m A

polarizing beam splitter planar mirror

CCD camera
/ radiation shielding wall
n |

I‘/ >
E/u

N

é vacuum exit window
filters <*——_1 photo diode, sampling oscilloscope

Slide by Jonas Breunlin
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by

B320B "Cold Finger” Absorber & Mirror

Planar SiC-
Mirror

Top view

Cold Finger Absorber
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HO”ZO ntal & Vert|ca| bea m Size Horizontal intensity profile, sensitive to o,
1.0 = — 24 um; 422 pm rad
' 23 um; 387 pm rad
. < E e 22 umy; 353 pm rad
Everyday beam size monitoring scheme: 0.8 — 21 um; 322 pm rad
! e 20 um; 292 pm rad
*  Wavelength 488 nm, horizontal acceptance 6 mrad o s —— 19 um; 263 pm rad
« Diffraction from %
— Vertical obstacle, 2.1 mrad = 04—
— Horizontal obstacle, 2 mrad 5
calculation measurement 0.0 | | | | | e
600 400 200 0 200 400 -600  -800pm
Horizontal position [pum|
Vertical intensity profile, sensitive to gy
1.0 — = 16 um; 16.2 pm rad
— 14 um; 12.4 pm rad
08 — = 12 ym: 9.1 pm rad
, s 10 um; 6.3 pm rad
8 um: 4.1 pm rad
= 06— —— 6um; 2.3 pmrad
g 4 um; 1.0 pm rad
E 0.4 =
0.2 -
- . . 0.0
Horizontal diffraction obstacle and i 4:)0 :m (') W'm .ul)n ('m
sty ~600m - -2 2 O
[footprint’ of the SR Vertical position ()
Courtesy J. Breunlin
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Everyday 2-D measurements where n,~n,~0

Coupling control at low current

6,=20.2 + 0.2 um 0,10.2 £ 0.4 um Beta functions from LOCO;

Errors on emittances includes
£,=323 + 15 pm.rad £,=6.6 £ 1 pm.rad systematics.
MAXIV
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A second monitor, B302B, wheren, + 0

 Will enable us to measure both horizontal emittance
and energy spread

* Necessary at higher currents, since we are in the IBS
regime

2 nx,z) 2 Bro)
0) — 0) 2 __ [ Ex2 2
__ %2 A1) — %l Tx2 (ﬁx )Y x
E r— 0 — )
* (N 2 o L
ﬁ _ x,2) ﬁ 2 Bx,2 2
x,2 U?x,l x;l L T)x,Z ﬁx,l) nxrl |

* Both dispersions and sigmas are measured

* Only beta-functions are provided by LOCO (or by other
means)

The 60t ICFA Advanced Beam Dynamics Workshop, FLS2018, Shanghai March 5-9. HABBRATORY



Horizontal beam size [um]

Horizontal beam size [um]

23.5+

23.0

22.5 —

22.0 H

30.5

30.0 H

27.5 -

A second monitor, B302B, wheren, + 0

—— Hor. beam size
—— Avg. hor. beam size

—— Hor. beam size
—— Avg. hor. beam size

I
6:45 PM
3/4/2018

7:00 PM

Time

7:15 PM

7:30 PM

* Recent results
from on-line
measurements at
150 mA:

 Redis arolling
average over ten
seconds (about ten
measurements)

Courtesy Robin Svard,
Operator, speciality
diagnostics
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Horizontal emittance [pmrad]

le-3

— Eregyopreas 345 + 5 pmrad.

Energy spread

370

360

350 —

340

330 —

1.12

1.10 H

Combined results, monitors B302B & B320B

‘ —— Hor. emittance
—— Avg. hor. emittance

* Recent results
from on-line
measurements at
150 mA:

* Hor. Emittance
pretty stable at

| * Relative energy
| spread changes of
» less than 2e-5 (!),

LB can be detected.

|

1.04 | Courtesy Robin

Svard, Operator,

1.02 < I I : I ST A
6:45 PM 7:00 PM 715 PM 7:30 PM SpeCIaIIty M x Iv

3/4/2018 dlagnostlcs LABORATORY
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Outline

e Possible imaging at the future ring LSs
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First, some measurements with NIR SR (930 nm) at B302B | Theory SRW

— b s — S MROIll 36142”:‘54 C The assymetry
Both images with o-pol SR @ 930 nm NIR and a thin 1.7 mrad, x-ray | is clearly

absorber. predicted by
Top: Horizontal accept. A=10.66 mrad,, ; Upright obstacle 2.25 SRw!!

mrad,

Bottom: Horizontal acceptance 12 mrad,, ; No upright obstacle, just AX N/
pure imaging




Possible imaging at the future ring LSs

Optical functions of a proposed 19-BA lattice, to replace the present MAX

IV 3 GeV lattice. Tavares P.F., Andersson A. & Bengtsson J., J. Electron
Spectrosc. Rel.d. Phenom. (2017)

14 -

12 -

Betafunctions [m]

¥E-2

=
[}
'

oo
'

[=2]
'

06 g,=16 pm.rad
F0.4

% Inthe dipoles:
0.0

0E Bx 0.5m

.43

w6y =>0,7 3 UM

jnl

r=0.8

F-1.0

F-1.

(%]

Magnet design study:
1.4+ Talk tomorrow by Dr.
1.6 A. Vorozhtsov

MF F F?III-III-III-III-Illﬁlll-lll-III-III-I}I%III-III-III-IIIJIWII-IIIq ! !m 2I5
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Possible imaging at the future ring LSs

Sensitivity
is OK!

alley-to-Peak intensity ratio vs sigmax

. ‘\
0.2 \
0.15

0.05

Vertical Position

1.0

0.5

0.0

-0.5

-1.0mm

200

100

Sigmax [micron]

0

Spectral Flux / Surface Hor. Polar.
In conjugate plane of 1:1 imaging

Thick Beam A
/ Blue: 0, = 3 um
Red: FBSF
-100 200 -300 -400pum
Horizontal Positiérp
0 T T T T T |
200 100 0 -100 -200 -300 -400pm

Horizontal Position

SRW images with o-pol SR @ 266
nm and a thin 1.7 mrad,, x-ray
absorber.

Horizontal acceptance +4 mrad,, ;

;s Upright obstacle +2 mrad,,

MAX TV
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Conclusions

Imaging with visible or near visible SR has been shown to resolve rms
beam sizes below 3 um in the vertical plane.

The methods rely on precise calculation of the Filament Beam Spread
Function, FBSF, performed by the SRW code.

We have demonstrated horizontal beam size measurements at the MAX
IV 3 GeV ring, at 150 mA, that resolves the emittance to 345 + 5 pmrad,
and the relative energy spread to around 1e-3 with 2e-5 resolution.

To reach sufficient horizontal resolution for Future ring Light Sources, with
emittances in the 10 -20 pmrad region, the same method can be applied,
if a horizontal acceptance angle of +4 mrad can be extracted and Near UV
radiaton (200 - 300 nm) is used.
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Backup on vertical emittance

Emittance Measurements for Light Sources
and FELs, ALBA 2018
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Vertical beam size [pm]

Vertical emittance [pmrad]

13.0 4

12.5

10.0

10 —

From first monitor, B320B, g, = 8+0.5 pm.rad

—— Ver. beam size
—— Avg. ver. beam size

—— Ver. emittance

— Avg. ver. emittance

6:45 PM
3/4/2018

7:00 PM

Time

7:15 PM

7:30 PM

Recent results
from on-line
measurements at
150 mA:

Red is a rolling
average over ten
seconds (about ten
measurements)

Courtesy Robin Svard,
Operator, speciality
diagnostics

MAXTV

LABORATORY




<<
  /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


