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The Accelerator Facility at GSI

Synchrotron, Bp=18 Tm

E nax p: 4.7 GeV
lon sources U: 1GeV/u
all elements Achieved e.g.:
Ar'83t: 1.101!
U28+: 3.1010
SIS U73+I 1.1010
FRS
ESR
ESR:
UNILAC: allions p-U: Storage Ring, Bp=10 Tm

3 -12 MeV/u, 50 Hz, max. 5 ms 0 50

Up to 20 mA current Atomic & plasma physics

Radiotherapy
Nuclear Physics

| = | —

Pulse-to-pulse variation possible
= different 1on species, energy, target location...
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Motivation

» The longitudinal phase space is very sensitive to
parameter variation

> In the case of linear accelerator its knowledge is
extremely important for beam dynamics calculations

= measurement Is required

>

» There are different available
methods but they are

either beam destructive or
costly in realization:

Momentum spread Ap/p

>
Phase deviation A¢/g
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Meth.1 Longitudinal Emittance using two Particle Detectors

Observables: Arrival time and time-of-flight between two particle detectors:
Bunch shape:

via arrival at diamond (1)
detector compared to
rf delivers

Energy:

via different arrival
times at det. (1) and (2)

Resolution:

»Very good for bunch shape
and energy distribution

» In-sufficient for phase space

» However:
Invasive method: Further reading:
Rutherford scattering to achieve single particles. Peter Forck, Legnaro, October 2010
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Meth.2: Longitudinal Emittance Using Dipole Magnet and Kicker

»Long. bunch shape:
measured on off-axis
screen using deflection
in kicker

(Figure middle right)

»Energy spread:

via OTR screen in dispersive
section behind the dipole
(Figure middle left)

|
I time-to-space projectiory

However:
» Slightly invasive method: (OTR screen in beam)
»Requires, besides diagnostic elements,

an installation of the dedicated kicker

Michael Rohrs, et al., “INVESTIGATIONS OF THE
LONGITUDINAL ELECTRON BUNCH
STRUCTURE AT THE FLASH LINAC WITH A
TRANSVERSE DEFLECTING RF-STRUCTURE”,
Proceedings of FEL 2006, Berlin, Germany
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Measurement of phase space projections in two independent systems

>

» Distribution of the long. phase:
using Non-intercepting
Bunch Shape Monitor

Momentum spread 4p/p

>
Phase deviation A¢p/g

Bunch Shape Monitor
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Non-intercepting Bunch Shape Monitor

bunch width
_b.. ..‘_

detector:

MCP + phosphor + CCD :
™

rf—deflector:
36 MHz or 108 MHz (=3 V)

distance [mm]

S|

| Il
U lens

U lens
J electro—static
energy

W mm analyzer

aperture 3

.

4..‘ ‘*Az aperture 1
0.1 to 2 mm

residual gas electron

E G__ beam -

biased at =30 kV

aperture 2

Scheme for novel device:

» Secondary electrons from residual gas

» Acceleration by electric field

(like for Ionization Profile Monitor)

» Beam height localization by apertures

and electro-static analyzer

» rf-resonator as ‘time-to-space’ converter
M4 resonator, Qy=300, P, =50 W max.

» Readout by MCP + Phosphor + CCD

More details: Peter Forck, et al.

ABIl Workshop, December 12st, 2008
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Results from non-intercepting Bunch Shape Measurement

Time information carried by the secondary e is transferred to spatial differences:

| Image from MCP
signal + background

Features:

background only » Single electron detection

» Recorded within few
macro-pulses

» Pressure bump required

» Background should be

suppressed

projection

3.6 ns sweep during bunch passage 3.6 ns sweep during bunch passage Beam parameters:

'E‘BOO T rrrrrrTTT T T EBOU LANLEN AL L DL L L L L L B LR LR B Ni14+ at 1 1 .4 MeV/u

B signal + vn  background | &

5 0% "background’’ '\ subtracted 207 l [=1.5 mA, 200 us macro pulse
- K = background only

= 1100t : Average: 8 macro pulses

5 5

= | Z 00 | : Pressure p=2*10° mbar

M H

- {5 o Deflector power P=15 W

“15-10-05 00 05 10 15 ~15-10-05 00 05 10 15
time [ns] time [nsg]
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Measurement of phase space projections in two independent systems

A
o
» Distribution of the long. phase: L S
=}
using Non-intercepting = S
. (@) o
Bunch Shape Monitor S £
B35
O c
T £
»Momentum spread 5 S
via Analysis of Incoherent :
Components of the Bunch Signals >
(let uscall it “Linac Schottky™) Phase deviation 4¢/¢

Bunch Shape Monitor

Its sounds strange but originally W. Schottky
described spontaneous current fluctuations

from DC electron beams for e.g. vacuum diodes
which can be considered as a kind of linear accelerator
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Time and frequency domains (synchrotron case)

i(t)A
i(t):$25(t—tk —mT)
t, — T — tirrVIe
FFT
A N
I(f)
—{ | Af “— nAf Af = foan—pp

— o — frequency

<—f1—>

A second particle of revolution frequency 7, = £, + Af
L
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Coasting beam : frequency Domain (synchrotron case)

>N particles with a distribution of revolution frequencies f, £ Af /2
»One expects a spectrum with bands around each harmonic nf,

» The band height is arbitrary at this stage

1(f) |

/7 band

—| |« Af - «— NAf

| | | | >
Ll

f, 2f, 3f, nf,

frequency
L
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Schottky bands (synchrotron case)

d{1)

» Inadiagram versus T the area of each Schottky band is constant

r

> Since the n band has a width (N X Af), the spectral density decreases with 1/ f

d I 2 —>] «(ﬂ-l)Af
0 i, |Ap LA

—| |nAf n-Af p 7 f;

(n-1)f, nf, (n+1)f, frequency

Each longitudinal Schottky band has the same .area" = integrated power
L
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“* Gedankenexperiment”

» Consider a quite large synchrotron with big number of circulating bunches like e.g. LHC.
« Atinjection revolution frequency is f, = 11.24 kHz which gives a period of T, =89 ps.

e Can we see any Schottky like signal if we do a measurement for let say 80us only, i.e.
each bunch pass our pick-up only once?

» If yes, the signal measured in the beam dump should have the same structure.
*  What happen if we “skip” the synchrotron in the front of the dump?
e Isitonly question of dispersion?

Parameters:
2808 bunches
Ein=@450 GeV
f,=11.24kHz
T.e,=89us

Yy =95.67
a=3.2e-4
Yinj=430
n=-=3.2e-4

LHC

BEAM
CLEANING

(S skt st M S8 $ PR AR FED BIVFON accelerator For p-physics at the future gﬁmfﬁgymmger 20;!' 2012




Momentum Spread vs. Frequency Spread (Linac case)

» The generalization of the momentum compaction function « of the transfer line as a function of
position s can be applied well also in particular case of Linac.

» The relative change in the orbit length per relative momentum change is given by:
ALIL, 1

a(s,S,) = = Is D)
Ap/ Po I—0 S0 q(t)

» The relative change in time of flight per relative momentum deviation is:

Aplp, t, Ap 0 c?

dt with L, = dt

n(s,S,) =

» If there is no dispersion (no dipole in lattice):
2

v
1(s,S,) =—1+C—2

» If the beam were ultrarelativistic the Linac would be isochronous i.e. all particle would arrive
simultaneously.

» However, for Unilac v/ic = 15%. Therefore: eta = -0.98 => faster particle arrives earlier, and:
Ap _ 1A,
p, 7 nf,
L
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“Linac Schottky” Pick-up

Tuner

» Pillbox cavity used as a Pick-up to
increase measurement sensitivity.

» Loaded quality factor Q;=260.

» Frequency of TM,);, mode tuned to
1.30089 GHz, 1.e. to 36 harmonic of
Unilac RF. (rejection of coherent
signal)

» Bandwidth 4 MHz

» Tuner allows fine tuning in range of /

Plunger
(tuner)

CF100

— Coupling

loop

N

LNA1

Af,. + 2 MHz. M
%)
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Signal treatment

Cavit LNA 1 Band Pass LNA 2 Gating Agilent MXA N9020A
o N~ N~
- = N > ®—“
BW:1-2 GHz 700 MHz BW:1-2 GHz FFT Spectrum
G=32dB @ 1.3 GHz G=32dB Ana'yzer
NF=0.95dB NF=0.95dB
BW 4.05 MHz
@ 1.3 GHz
=260 _ |
& 100 ps
Train marker
Train by Train Gate
Generator
36 MHz Unilac rf

» Gating on bunch train allows significant reduction of noise contribution

» Modern FFT spectrum analyzers make possible signal analysis even in the
relatively short time (~100 ps)
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System Sensitivity

>

Gating on bunch train allows |_, II: LNA 1

significant reduction of noise Cavit BW:1-2 GHz
contribution avity G=32dB, NF=0.95dB

Modern FFT spectrum analyzers 1
make possible signal analysis L i —
even in the relatively short time e N —
(~100 us)

Stop 6349.84 uSec
Trig Lvl 500

Within this time we can acquire a
signal at the level of -110 dBm

Prove: measurement of the
thermal noise of LNA (input) |-
amplified in the cavity

5 kHz (

5 kH=z Gatelen 191.0

3 uSec



General Idea of Experiment

Intensity: 1.2-1010 U%8" Jons/cycle (train) Synchrotron, Bp=18 Tm
Einj(SISl8) — Eext(UnilaC): 11.43 MeV/u Used as energy analyzer
' : f..=214.7kH
Train length: 100us I “Schottky” Cavity I_rIeV: - z
Cavity installed in July 2012 — | £,= 1.30089 GHz |/ . _ oc0 0011y,
H=36"h. of rf e |2

Bunch Shape
Unilac Monitor

f.=36.136 MHz SIs75

Buncher
(energy spread)

. — = JL
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Results from Bunch Shape Monitor

bunch width
— B —
distance [mm)]

detector: i
MCP + phosphor + CCD | /

N
a

rf-deflector: | 670

amnx = 30
36 MHz or 108 MHz (= 3V) |

O

0
Ulens Ulens K
aperture 3
_J/ electro—static
_jenergy 80
ﬂ —30mm analyzer
)
aperture 2 e e
2*R
Az 70

|| |- aperture 1
[ 0.1 to 2 mm

R=35mm  residual gas electron
E ST beam 3 0

) l

Ay

biased at —30 kV

Beam parameters: Longitudinal bunch profile

U2+ at 11.4 MeV/u
150
1=0.78 mA, 100 ps macro pulse E
Average: 8 macro pulses e
Pressure p=2*10-6 mbar 50
0 5000 1q000 15000 20000
Measurement done by: Benjamin Zwicker Distance O
Beam Diagnostics Group GSI Darmstadt Very pre|iminary results!
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Momentum Spread Measured at SIS18

Beam parameters:
U2+ at 11.4 MeV/u (SIS18 injection)

Data taken on 12t Sept 2012!

» Very preliminary data! 1.2*10%%ions per spill

» Measurements done by means of SIS18 | injection plateau 150 ms
S.chottky system and analyzed With Real- nN=0.94

Time Spectrum Analyzer for the different
buncher settings.

I A\uito Scale
64 /64 (Amplitude)

Debunching Buncher turned off Bunching
S sttt MM SIB S PLRIS SRS FED BIVFON accelerator for p-physics at the future 6 SR HDGif8PTember 20;!' 2012




Results of the “ Linac Schottky” measurements

Linear scale Logarithmic scale

-
Debunching 2 Debunching
z
oQ
z
Buncher off = Buncher off
=
=]
3
S
g
Bunching - Bunching
\Z
\Z

Very preliminary data! => precise data analysis needed.
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Summary and outlook

Knowledge of longitudinal phase space is important for beam dynamics calculations
and requires precise measurement.

Non-invasive measurement methods are preferred.

GSI1 type bunch shape monitor allows non-invasive determination of the
longitudinal bunch profile and was successfully operated during recent measurement.

The analysis of incoherent components of the Linac bunch signals could be very
elegant and cheap method for momentum spread determination.

Very preliminary results of resent experiment are still not be yet consider as a prove of
principle but one can state: “there is something which seems to be systematical”.

Anyhow:
Further careful data analysis is required to get quantitative results

A solid theoretical model is highly desired!
L
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»Diagnostics Group: C. Dorn, K. Giitlich, M. Schwickert, B. Zwicker
» LINAC Group: W. Barth, W. Bayer, H. Vormann, L. Dahl
»Operating Group: U. Scheeler, C. Wetzel, H. Rodl

»Vacuum and Montage Group: P. Horn, D. Acker

For help in preparation and performing of this“just-in-time” experiment.

»HB2012 Editors:
for patience...;)

and last but not least:

Thank you for your
attention!
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Spare transparencies
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Results of the “ Linac Schottky” measurements

Linear scale Logarithmic scale

O
Debunching & Debunching
:
z
0
Buncher off % Buncher off
5
=
=
. =
Bunching 5§ Bunching
g
ol
N2
N2

Very preliminary data! => precise data analysis needed.
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Shot noise in a vacuum diode (1)

— s -—a-i
Abb. 8.1/3. Ebene Z\\fei-Ele}ctrodenstrecke Abb. 8.1/6a u.
einer Vakuumdiode a Zeitfunktion des Influenzstroms ie(?) 1@(@3 'elgieﬁlen Elektrons;
b Superposition von ie(f) zum Gesamtstrom i(f)

» Consider a vacuum diode where single electrons are passing
through in a statistical manner (left figure) with the travel time t

> Due to the dD/dt (D = ¢E) we get a current linearly increasing vs
time when the electron approaches the flat anode.

» We assume a diode in a saturated regime (space charge neglected)
and obtain after some math for frequencies with a period >t for
the spectral density S. (o) of the short circuit current the

Schottky equation:

S (w) =21,e

with e= 1.6e!° As and the mean current Iy=e v,

. —— == I
& sE MG S elu MBI B SPLLIS AL RNV accelerator For p-physics at the future 6.‘?.185@'29’/155?*!';‘%6'" 20;!' 2012




Shot noise in a vacuum diode (2)

» obviously the travel time T plays a very important role for the frequency limit

» The value for t in typical vacuum diodes operated at a few 100 Volts is around a

fraction of a ns. This translates to max frequencies of 1Ghz

10
From:Zinke/Brunswig: Lehrbuch der Hochfrequenztechnik, zweiter Band ,

08 Page 116

0 4
hai]
N -
3 /A ,
‘-’1_02 bl N

' N | B |
. : | _ %

1 .
0 2 4 b 8 [ VAR

O5=()T et
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Single-particle current (2)

» Approximation by a Dirac distribution.
e . : €
» Periodic signal over many revolutions I (t) o ? Z o (t — tk — mT)
m

» Applying the Fourier expansion to i,(?) :

i (t) =1, +2iy > a, -cosnawgt +b, -sinnegt
n=1

i
with " .
a =cosng, and b, =sinng,
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Single-particle current (synchrotron case)

» A single particle rotating in a storage ring

» Constant frequency o, = 2nf, = 2n/T

» Signal induced on a pick-up at passage time ¢, ; Dirac response smeared out

due to low pass effect from the pickup itself and due to not TEM wave if v<<c

—dgw

i(t)

slow beam fast beam

-
\

From: A.Hofmann: Electromagnetic field for
At beam observation CERN-PE-ED 001-92
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(S skt st M S8 $ PR AR FED BIVFON accelerator For p-physics at the future Gﬁewfﬁg‘rﬁer 20;!' 2012



Bunched beams (synchrotron case)

For each of those modulation lines with index p the amplitude of the current,
I, can be expressed as

|, = > J, (2anf,A) cos(2znf, + 2nf_ + py)

p=—00 p=0 \
p=-1 p=1 Random initial
p=-2 | 1 b2 phase
fs
I
I I Phase modulation
ﬂfo

Here J, stands for the Bessel function of order p

How does it look like in the case of Linac beam?
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Examples of Schottky Spectrum for Synchrotron Beam

Coasting beam Bunched beam

Tekironix RSA 3303A Tektronix RS OVERFLOW 2 TRIGD paisiiiieiis

Cancel - Back Cancel - Back

Acquisition Length:

Frequency Acquisition Length
Span:

Print now Input Att: Auto Scale

(Amplitude)

[ ] Horizontal Scale
Save screen to

file... ; i e
_ : = _ 100k

Background color Horizontal Start
(Hz)

24.784375M

Vertical Scale
(dB)

Black White

Full Scale
(default scaling)

trigger armed / trigger armed ® Vertical Stop (dBm):
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Longitudinal Emittance using two Particle Detectors

Arrival time and time-of-flight between two particle detectors:
Two detectors:
Arrival at diamond detector
compared to rf delivers
Bunch shape:
Time resolution: =50 ps
< phase resol. 19 for 36MHz
Energy via different arrival times
< energy resolution 0.5%
for 1.4MeV/u

AE/E=-2*% (tMCP' tDiamond)/ ttot
ttot:48 ns
Required AE/E=0.1% = At/t=24 ps

Important information for

comparison to beam dynamics
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Example of Measurement

Phase space measurement:
Particle detection, ~10 min measure
Result: —theory
» Non-Gaussian bunch shape,

» Gaussian energy distribution

» Comparison to theory:
Too low correlation i.e. a

Resolution:

» Very good for bunch shape
» Sufficient for total energy

» In-sufficient for phase space

Never-the-less:
Used diagnostics for

bunch shape & energy distribution (i.e. Twiss parameter B and y)
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Realization for non-intercepting Bunch Shape Monitor

The installation for beam based tests: E-field box and energy-analyzer:
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Hardware for Bunch Shape Monitor: Energy Analyzer

Energy analyzer for source volume restriction: The E-field and analyzer:
» Radius p=30 mm, o0? bending, £5.5 kV

» Remote controlled aperture: 0.1 to 2 mm

» point-to-point focusing

» for =0.25mm and =0.5mm aperture (remote con

= +0.2 mm vert. prolongation (comparable to wire)

F *

N
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FEM Simulations of the Cavity Modes

» TMO010 mode simulated for different
tuner position.

» No significant mode deformation
found due to the tuner.
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RF measurements of the cavity

Network analyzer Spectrum analyzer

(measured with coupling loop only) (measure with whole el. chain)
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General Idea of Experiment

Intensity: 1.2-1010 U%8" Jons/cycle (train) Synchrotron, Bp=18 Tm
Einj(SISl8) — Eext(UnilaC): 11.43 MeV/u Used as energy analyzer
' : f..=214.7kH
Train length: 100us I “Schottky” Cavity I_rIeV: - z
Cavity installed in July 2012 — | £,= 1.30089 GHz |/ . _ oc0 0011y,
H=36"h. of rf e |2

Bunch Shape
Unilac Monitor BPM

f.=36.136 MHz SIS78

Buncher
(energy spread)

. —— —— |
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Fourier transformation of Unilac bunch spectrum

» Signal measured by Unilac BPM

» Measurements done by means of 40GS/s

oscilloscope

»No power in coherent lines for higher RF

harmonics

Beam parameters: U28* at 11.4 MeV/u

1.2*101%jons per spill

-20 frf: 36 MHz

-60

-80

Power (dBm)

-100

-120

_1400 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Frequency (GHz)

FFT

(—

Amplitude (V)

Amplitude (V)

_ Single bunch

0 0005 001 0015 002 0025 003 0035

Time (us)
Bunch train

06
0.4
0.2 |

0 _
0.21 f
e
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Harmonic analysis of BPM data

» Data from Unilac BPM

» No power for higher RF
harmonics no coherent lines staring

from n = 18) .
> However sensitivity too small to B O e au‘nhll" i ul'"“’
. AOLORRNE I 1 s tm.n:il o
see any incoherent (Schottky) signal o '\MMH[W/; ,R'h pl m»km/ww w 1\ o
= Hi b "ﬂ ’_ !
21100 o Wrm Aljﬂjﬁflrwwp i ﬂ’ [l[ M [ ' 0
@

40

© 200 KHz [}

N 21 6 . \l |l ‘H g
207 + 288:2:2 S, 15 HMW I HL ! { Lnﬂm
——600 KHz | 3 ﬂﬁﬂ(‘;mjmllu “q’ ) ‘lf - 80
g 7 % 10 Wl e’ \ -
- @
: 23 5 10 1100
- 2
(XL
® nf0+7
- |nf 7 F=nfy [MHZ]

Harmonic number

. — == I
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Harmonic analysis of BPM data (2)

0.6 0.6
S 04 < 0.4
S 02 3 02
2 2 ]
5 o s |
g 0 g 0
< <
02 0.2}
-0.4¢ -0 af i
0o 01 02 03 04 05 06 0o 01 02 03 04 05 06
Time (us) Time (us)
40 : 40 .
o 200 KHz | o 200 KHz |
+ 300 KHz [ + 300 KHz [
20} © 400 KHz | 20¢ 400 KHz |
—— 600 KHz|] —— 600 KHz|]
o o
Z Z
o - o -
S S
[e] [e]
o o
80 5 10 15 20 25 30 35 40 80 5 10

15 20 25 30 35 40

Harmonic number Harmonic number
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Observation of the plasma modulations in the ion source

 System is extremely sensitive on any sour of beam modulation!
eEach modulation causes a coherent lines in the frequency spectrum.

*Here: modulation due to plasma fluctuations in the P1G ion source

e

P o chicate specrum
ul g —-130.37 dEm

Time domain trace by

Frequenc 0.081 ,
9 y means of oscilloscope

domain 0.08

Amplitude (V)
O

Time (us)

(S skt st M IR FPLRIS SRS FE BV accelerator for p-physics at the future 6.@185@99’/155?*!":“%“ 20;!' 2012





<<
  /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


