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‘ What are the challenges for Photoinjector Cavity design?

BERLinPro needs to preserve and recirculate a: N e

.
e—
» "e

- Low emittance beam with high peak brightness A "50-Mev 100mA
and high average current S ’ sss il

* Dark current level as low as possible to mitigate beam Halo

Low emittance < 1urad:
* High electric field component at cathode during bunch emission
to counteract space charge driven beam expansion
« Sufficient large radial field components for beam RF focusing
* Energy gain of 2.3 MeV at high launch phase using the given forward
power level to full extend<y coupler limit
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to counteract space charge driven beam expansion
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‘ What are the challenges for Photoinjector Cavity design?

BERLinPro needs to preserve and recirculate a: N _g®
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* High electric field component at cathode during bunch emission
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* Energy gain of 2.3 MeV at high launch phase using the given forward
power level to full extendi\& coupler limit
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possibleX solenoid length
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‘ What are the challenges for Photoinjector Cavity design?

BERLinPro needs to preserve and recirculate a: N _g®
* Low emittance beam with high peak brightness ;“ 50 MeV. 100 mA Y
and high average current Me o 50 00

* Dark current level as low as possible to mitigate beam Halo

Low emittance < 1urad:
* High electric field component at cathode during bunch emission
to counteract space charge driven beam expansion
« Sufficient large radial field components for beam RF focusing
» Energy gain of 2.3 MeV at high launch phase using the given forward
power level to full extend<y coupler limit

Peak brightness 77 pC:
* Insert a high quantum efficiency NC semi-conductor cathode in SC
environment ?& SC requires dust free environment

High average current 100 mA:
* Achieve good HOM damping capabilities. Absorber as close as
possibleX solenoid length
Dark current:

* Avoid, if possible, highest field on axis on cathode surface and
opening of back walli\& low emittance, low cathode work function
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‘ What will be shown

How do we achieve these (partially) competing goals? Outline
Challenging endeavor - Staged approach

» Stage 0: Learn operating SRF gun:
Cavity 0.1 — Cathode: Back wall SC Pb coated

Lessons learned - Improved version
Cavity 0.2 — Cathode: Removable Nb plug Pb coated

SC cathode, measure beam parameters

» Stage 1: 1.4 cell 1.3 GHz —being manufactured
+high peak brightness—> NC high QE cathode

- Stage 2: 1.X cell 1.3 GHz — CsK,Sb photocathode —design stage .
Addition of two 115 kW input couplers: +High avg. current
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‘ The all SC PbNb cavity 0.1: RF design, cathode deposition

» SC lead cathode on half-cell back wall
9

no NC insert needed

sermamma (D

L

s ' Pb cathode
TTE-INI % T=72K * But QE very |OW:QEPb~1 O'QENb
Input coupler = -

S, L[] = Limited brightness and current
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‘ The all SC PbNb cavity 0.1: RF design, cathode deposition

Cathode deposition:

Deposition
setup in
~ Swierk

Plasma: Several
few minutes
depositions

e

Final diameter
by BCP + special
mask: 5 mm
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‘ Experimental set up at HZB

HoBiCaT
cryomodule

2-phase line

Cathode %

Cavity

Drive laser
port Slit

Bending magnet

-%!- YAG-Screens
. YAG-Screen Beam dump+
TTF-III coupler Faraday Cup : Faraday Cup
I ) I T T I I I | I | N I N Y O | I ) I T I N T I | l | N T T T | I |1 ] | |
2 3 4 m

0 1
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Combine and correlate cavity, cathode and beam
measurements

Same setup used to clean cathode with high power Excimer UV
laser by scanning surface
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‘Achieved Q, in VTA and Horizontal set up: Cavity 0.1

 Vertical test after fabrication,
treatment and mounting low field

w/o cathode Q,=1.5e10, E{ guench=45 MV/m
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‘Achieved Q, in VTA and Horizontal set up: Cavity 0.1

 Vertical test after fabrication,
treatment and mounting low field
Qy=1.5e10, Ej quench=45 MV/m

* After lead deposition Q drops

| significantly and field emission (FE)
| onset lowered
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w/o cathode
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‘Achieved Q, in VTA and Horizontal set up: Cavity 0.1

* Vertical test after fabrication,
treatment and mounting low field
Qy=1.5e10, Ej quench=45 MV/m

* After lead deposition Q drops

| significantly and field emission (FE)

onset lowered

* Installation in HoBiCaT further
Q degradation, FE onset 12 MV
» After additional cooldown cycle
even worse,

cavity collected residuals
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w/o cathode
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‘Achieved Q, in VTA and Horizontal set up: Cavity 0.1

* Vertical test after fabrication,
treatment and mounting low field
Qy=1.5e10, Ej quench=45 MV/m

* After lead deposition Q drops

| significantly and field emission (FE)

onset lowered

* Installation in HoBiCaT further
Q degradation, FE onset 12 MV
» After additional cooldown cycle
even worse,

cavity collected residuals

= Excimer Laser cleaning
of lead cathode
increased onset of FE to 18 MV/m
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‘Achieved Q, in VTA and Horizontal set up: Cavity 0.1

 Vertical test after fabrication,

w/o cathode
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treatment and mounting low field
Qy=1.5e10, Ej quench=45 MV/m

* After lead deposition Q drops

| significantly and field emission (FE)

onset lowered

* Installation in HoBiCaT further
Q degradation, FE onset 12 MV
« After additional cooldown cycle
even worse,

cavity collected residuals

= Excimer Laser cleaning
of lead cathode
increased onset of FE to 18 MV/m
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.- "Operation of up to 20 MV/m, E,,

~ 11 MV/m possible

= Q, order of 4e9 unchanged

within 6 months of (non-continous)
operation
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Cathode performance and quantum efficiency
Non-isotropic emission surface

)\

Dark current

at 16 MV/m
focussed

by SC solenoid
on first

YAG screen

And simulated
J. Volker et al., IPAC12

Rather high €,,,=5.4 mm-mrad / mm laser spot size

* Before first laser Ele-arnﬁg
|| * After laser cleaning
|3 o o i | /G Welitbdrg,

/ '; e 11

dark (nA)

' | Pno;trusm,ri% Yo

OOP Ffl

0 q fu 15
t ik (MV/m)

Laser cleaning by 248nm laser (0.23mJ/mm?) increased FE onset: Removed tips?
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‘ Quantum efficiency of back wall cathode (cavity 0.1)

J. Smedley et al, PRST-AB, Volume 11, No. 1, 2008

107
Arc deposited “_,,,.—'-"’” Eléctro-plated After laser cleaning:
o lead BNL "~ Jead BNL QE still factor of
9 P g = three lower than with
2 // o | In laboratory prepared
% -4 v ,/' ;"' L .
© 10 /€7 1.1104 aser Arc deposited lead
E l,"' ’/" Cleaning Samples
§ | ‘;' Vi ~~"3105 0.1 mJd/mm?
10 I g o But still one order of
oo Bulk niobium i : -
! magnitude higher than for
BNL L
e Bulk niobium.
3.5 Bl 45 5 9.9 6 6.5 T
E (eV)

Y [mm]
Y [mm]

as received Icleaning
Non-uniform QE
R. Barday etal., IPAC13 J correlated to dark current
- -4 2 0 2
X [mm] X [mm)
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‘ What have we learned so far?

* Pb cathodes are very robust against RF processing, field emitter
processing, helium conditioning and contamination -
Can be brought back to live by laser cleaning

- As expected, the QE is rather low, but cathode deposition with whole
cavity impacts on cathode surface quality:
Direct influence on:

e Dark current level>FE
e Beam’s normalized emittance
e Uniformity of cathode surface

* Achievable QE level

* Observed strong microphonics detuning (not shown here),
sometimes hard for LLRF to compensate (ponderomotive
instabilites due to Lorentz force detuning)
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‘ Version 0.2 of the PbNb cavity

Improvements!
« “Spider” back wall stiffening replaced by
rips carved out of 3mm thick Nb wall
» Opening for removable cathode plug:
Allowed new deposition set up at Swierk
with plasma arc deposition at closer
distances
» Thermal and electrical contact via indium seal
 Cavity was equipped with a modified Saclay I-
type tuning system with piezos—>reduce detuning
* Removable helium vessel
* Field flatness 97% (94% cavity 0.1

&

Cernox sensor
to monitor cathode-
plug back wall
temperature

Tuning frame

Page 18
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‘ Achieved Q, in VTA and Horizontal set up: Cavity 0.2

11

10
| * low field Q,=2e10,
Eo quench=29 MV/m!
w/o cathode |« After Pb cathode deposition
e b LLETY Bn g | Q, factor of two decreased:
O A0 - ol =] Contamination?
e 10 ¢ = = .
= ]
m® | . Shipping and installation
to HoBiCaT:
Another factor of two decrease,
Res~35 NQ,
g Insufficient magnetic shielding?
10 0 1|0 2|0 3|0 4|0 5|0 60
E,, (MV/m)
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‘ Achieved Q, in VTA and Horizontal set up: Cavity 0.2

"

10"
: * low field Q,=2e10,
Eo quench=29 MV/m!
i w/o cathode | «After Pb cathode deposition
.:,1 .:: T g Q, factor of two decreased:
o .10 O .. By [ Contamination?
o 10 i.. m .
_ _ :
% m B 1 < Shipping and installation
% to HoBiCaT:
" + cathode | Another factor of two decrease,
1 Res~35nQ2,
* Insufficient magnetic shielding?
10 0 1|0 2|0 3|0 4|0 5|0 60
E,, (MV/m)
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10"
w/o cathode
m Bl O mpg
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OC) 1010__ -... = - ]
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HoBiCaT J .‘ + cathode
<
<
]
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‘ Achieved Q, in VTA and Horizontal set up: Cavity 0.2

* low field Q,=2e10,
E¢ quench=95 MV/m!

« After Pb cathode deposition
Q, factor of two decreased:
Contamination?

» Shipping and installation
to HoBiCaT:
Another factor of two decrease,
Ries~35 NQ,
Insufficient magnetic shielding?
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‘ Achieved Q, in VTA and Horizontal set up: Cavity 0.2

"

10",

* low field Q,=2e10,
Ey quench=55 MV/m!
e w/o cathode | «After Pb cathode deposition

e by LLLY LT Q, factor of two decreased:

10 ¢ .. By [ Contamination?
n ¢ B m

® =
ﬁq“ "i % =& | *Shipping and installation

| ‘1‘ ° to HoBiCaT:
HoBiCaT 4 " + cathode 1 Another factor of two decrease,
1 R~35nQ,
Insufficient magnetic shielding?

“

0 10 20 3|0 40 50 60
/ E, (MV/m)

Note, calorimetric
measurement

What decreased Q,?  IEEE———)
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‘ What did not cause Q, decrease

1. Lead deposition:

x10'

3 T T 3
——FE, 8t E,=20 MV/m
— B
2“ M / -
E &
= =
= =
e i' |‘ T
2 @
w
1+ 11
A L) L]
0 2 4 5} 8 10 12 14 16 18
cathode surface (mm)
2 ET T ] lolo QJ | B B [ B | T 71 l hiakaled | 1 B2 IE
= ambient carth m ic fiedd = 55 T = . .
B e T 3« First Q decrease not explained
5 E ° T mimmevnsw 7 Dy Pb cathode, B,g,<2 mT on
$'F o . TR cathode for E=20 MV/m
gz E % u war position | L e =+ Q decrease in HoBiCaT not explained
E AR S sarnmaadd  BFISESS PR E . . . .
zE" ; o =" by insufficient shielding, Beo,=1-2pT
E - . .2 3 by warm shield already
0 S 1%”1:151%3‘33‘3“\% Cvrd g ey S
0 50 100 150 200 250 300

Cryostat Position along Cavity Axis (cm)
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t What did not cause Q, decrease
1. Lead deposition:

3x1lZl .

——FE, 8t E,=20 MV/m
Bnu!

! Ak

E, (MV/m)

|

0 2 4 5} 8 10 lé 14 1‘6 18
cathode surface (mm)

5.._.||||||xou‘1||t||n =
E ¥ ambient g . .
= o =+ First Q decrease not explained
4 = o =
5 E o = by Pb cathode, B, <2 mT on
E'E o . TR cathode for Eg=20 MV/m
%2 = 4 s § 1 e 4 ¢ Q decrease in HoBiCaT not explained
E AR by ~mminmn=a P, BEderEnren = . _ . .
3 ErRo .>°*9 by insufficient shielding, B, ,=1-2uT
'E . *%..e°" = by warm shield already
;‘_:‘l ! lnﬁ"‘.‘l‘%ﬁjfﬂlqaqqa Y A AN R N e A M W ALY ng
00 50 100 150 200 250 300

Cryostat Position along Cavity Axis (cm)
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‘ Observations with the plug design Plug vs. back wall:
; Q, factor 2 better
10 ; | | | | ' 5 FE onset higher (25%)

» Cavity 0.1: Drop of Q,
correlated with losses produced
by field emission (FE)

» Cavity 0.2 (plug): Drop of Q,,

O OOOmT 5 o
& 10" g, " | but FE onset much higher >24 MV/m
| m .-. _'.. What causes Q,drop?
- WYYy vy "r, m 1
| Y
v
v
10 0 1|0 2|0 3|0 4|0 5|0 60
E,, (MV/m)
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‘ Observations with the plug design Plug vs. back wall:
Q, factor 2 better
FE onset higher (25%)

» Cavity 0.1: Drop of Q,

correlated with losses produced

by field emission (FE)

» Cavity 0.2 (plug): Drop of Q,,

| but FE onset much higher >24 MV/m
= | What causes Q,drop?

"

10"

* Plug cavity had A leak at plug

location (indium seal?) -

Multipacting at low fields: 3, 8 MV/m
. - RF processing helped,

operation up to E;=25 MV/m

But cavity quenched instantaneously at
28 MV/m
At 25 MV/m quenched after about 0.5 hours.

TCath (deg.), 2Kflow (g/s)

- Plug design needs to be improved
(Choke structure?)

% 05

|
15 2 24

1Time (h)
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| AE-06
2 8E406
4,1E06
SAL 06
6,7E-06
K0E-06
9,3E-46
1,1E05
1,2E405

Y [mm]
Y [mm]

X [mm]

Non-uniform distribution at larger laser spot sizes hints at structured

y' (mrad)

-1 2012-11-15 15:58
=092

¢ =1.30 mm mrad
pc = 0.894 MeV

Schmeiller et al., IPAC13
-1 0 1 2 3
y (mm)

M.
)

Reconstructed transverse phase space
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‘ Cathode and QE - emittance: Plug cavity

N~

Fluorescence map

0 1 2

'
L

X [mm]

emission from hot spots

In general the plug cathode showed more
uniform surface properties coming along
with a smaller normalized beam emittance:
€n0.4=90-4 mm-mrad > ¢_,,=1.9 mm:mrad

Measured at low charges <1pC and short pulses
thus thermal emittance by the cathode dominates
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k Lessons learned: Measured beam and RF parameters

Parameter Cavity 0.1&0.2
R/Q(Q) 190
Epeak/E” 1.2
l:’culllmlc/b‘() 1.0
Bpeak / Epea (MT/(MV/m)) 4.4
Emch(Ekin.muj {dﬂg} 15
cn (MV/m) S&7
Fyin (MeV) 1.8&2.5
kee (%) 1.47
Qexi 6.6 - 10°
fin(Hz) 98
anr\\'unl (kW) < 2
LA foeux (Hz) 20-40

Parameter 0.1 0.2
Cathode type Pb back wall ~ Pb plug
Cathode Q Fax - 10~ .10
Foymax. 20 MV/m 27 MV/m
Elannch 5MV/m  7MV/m
Eyin at max. Ey [.8 MeV 2.5 MeV
Bunch charge 6 pC 187 fC
Emission time 2-4 ps 2.5-3 ps
Average current 8 kHz 50 nA 1.5 nA

Normalized emittance/mm

laser spot size

 Lead photo cathodes are very robust against against contaminations and

processing of field emitters, the plug system was a clear improvement
« SC PbNb injector cavities are very promising candidates for low avg. current
CW driven Free Electron Laser (Potentially yA regime)
* The key is the preparation of the cathode, for low emittance (+ low dark current)
a uniform and smooth surface is mandatory

mm mrad

* For BERLinPro (besides high avg. current) we aim for a higher launch field and a
low roughness cathode surface will be the main challenge

A. Neumann, MOIOBO02,16™ International Conference on RF Superconductivity, Paris, France, 2013
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‘ Operating parameters of first injector

Parameter Cavity 1.1

R/Q(Q) 150-149.5 Cavity 0.x: 1.6cell
Epeax/ Eo 1.5-145

ECﬂ[hDdE/Eﬂ 1-0.58

Bpeak/Epeak (mT/(MV/m)) 2.2 !

(Dluunch(Ekin.nmx) (deg) 60-50

Elaunch (MV/m) 26-13.3

f’“(%w) ?:2 Cavity 1.1: 1.4cell
Qext 3.6 - 10° = &

fin(Hz) 185 7
])fnrwar(l (kW) 8.4 = '

A f/AP pe (Hz/mbar) 10 (expected) Double couplers to minimize kicks
Imrg (MA) 4

1y (pC) 77

Expected performance for cathode
positions from 0 to 2.5 mm retraction
at E,=30 MV/m

*measured with GunO: A. Neumann, Proc. of SRF 2011
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k RF field properties Retraction of the cathode (0 — 2.5 mm)
allows for stronger RF focusing

___ cathode pos. ||

—omm | of the beam during extraction by the
—-10 laser pulse:
-25
» Slight decrease of the normalized
0 0.05 0.1 0.15 02 6.25 shunt imp.: A(R/Q)/R/Q <1%
} 0 * Decreases ratio cathode field to
g 2 maximum on-axis field: 1 - 0.58
£ 1
=
H ? « Further: The launch phase for
e maximum energy gain is lowered by 10
3

R o \ o _ o‘ls 02 025 degrees:. -

Cathode Inner o . _ _
opening  iris  EXitins Reduction of effective launch field

by 49%, but dark current emitted from
the cathode reduces 1/8
(Fowler-Nordheim equation, 5=1)

Choke

| t A
, — L |, Petrov o B &
N ’f ‘ 0 position " ‘ 1 EX—— 2.5mm position
- ! filter EAL 2 S '

A. Neumann, MOIVOBOQ,16th International Conference on RF Superconaucuvity, r'arls,‘l‘-*ran*cé,’zvdlo ' Page 30




‘ Overview: Injector Cavity 1

0.4-A cell + full cell: Chimney 22 cm?*~35 W at 1.8 K
Optimized about E,,,=45 MV/m at Q,=3.5-10°

Stiffening ring: emission phase

AfIAP minimized

106 mm beam tube:
Allows propagation of
lowest TM,,, mode:
HOM studies

3 pick-up antennas
to measure HOM
polarization

HZDR cathode
insert and choke
cell design:_

Proven system

Cathode exchange I.
with HZDR '

2XCW modified TTF-III

Blade tuner with Coupler: Qg 3.6:10°
motor and piezo tuner: for up to I,,=4 MA,
Microphonics compensation 10 kW eac;ﬁJ

Study 2 coupler operation

A. Neumann, MOIOBO02,16t" International Conference on RF Superconductivity, Paris, France, 2013 Page 31



‘ Production at JLab: Cavity parts before welding

%L

Ve

LIS < The cavity is being

' fabricated, processed
and vertically tested at
JLab. The cold mass
including a SC solenoid
and a beam tube HOM
absorber is assembled
at JLab as well.
* First horizontal tests,
module mounting and
first beam tests will be
done at HZB

2-phase line
chimney,

Top: Helium vessel end-plate
Below: Back wall of choke cell
Right: Cold mass

half of 0.4-A/2 cell

Stacked Cavity with beam tube

Pictures courtesy of P. Kneisel and G. Ciovati (JLab)
A. Neumann, MOIOBO02,16™ International Conference on RF Superconductivity, Paris, France, 2013

Page 32



‘ Acknowledgements
Merci bien pour votre attention!

/ HAROI?OWE CENTRUM BROOKHIVEN
Jefferéon Lab A gy "eoansmorowven || EEVORHILTEN

DThomas Jefferson National Accelerator Facility \  $wierk

#) J0LICH A : st HZB......

FSEHL NG ENTRA MAX-BORN - A of Nuclear Zentrum Berlin
NS T T W — \\\ Physics
This work is a collaborative effort by: - :
. y 7 EUCARD
J. Sekutowicz, DESY, Hamburg, Germany =i _
P. Kneisel, G. Ciovati, JLAB, Newport News, Virginia, USA o
R. Nietubyé NCBJ, Swierk/Otwock, Poland | S e

und Forschung

J. Smedley, S. Schubert BNL, Upton, Long Island, New York, USA
|. Will MBI, Berlin, Germany

W. Anders, R. Barday, A. Burrill, A. Jankowiak, T. Kamps, J. Knobloch, O. Kugeler, A.
Matveenko, A. Neumann, M. SchmeiBer, J. Voelker HZB, Berlin, Germany (BESSY)
V. Volkov BINP SB RAS, Novosibirsk,

E. Zaplatin FZJ, Jilich, Germany

+ the support of many more co-workers at the participating institutes
Acknowledgements to A. Arnold, P. Murcek and J.Teichert HZDR, Dresden, Germany

A. Neumann, MOIOB02,16" International Conference on RF Superconductivity, Paris, France, 2013 Page 33



‘ References
PbNb hybrid

[3] J.Knobloch et al., ICFA Beam Dynamics Cavity
Newsletters, N0.58, p. 118, August 2012,

15t BERLinPro
Injector

[5] A. Neumann et al., LINAC'12, Tel Aviv
[6] T. Kamps et al., LINAC’'12, Tel Aviv :
[7] A.Arnold et al., NIM A, Volume 593, Issue 12, Cavity
1 August 2008, Pages 57-62,
DOI 10.1016/j.nima.2008.04.035.
[8] S. Noguchietal., IPAC’10, Kyoto, 2010,

[16] M. Liepe et al., PAC’'05, Knoxuville,

[19] A. Neumann et al., IPAC’13, Shanghai
[22] O. Kugeler et al., SRF’09, Berlin
[23] E. Zaplatin et al., IPAC’13, Shanghai

A. Neumann, MOIOB02,16t" International Conference on RF Superconductivity, Paris, France, 2013 Page 34




<<
  /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 true
  /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


