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The Life Story of Nb;Sn SRF (as of now)

l. Promise: Why Nb,Sn for SRF?
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SRF 101
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Beyond Niobium

Material A(nm)  &(nm) K T.(K) H.,(T) HJ(T) Hg(T)

Nb 40 27 1.5 9 0.13 0.21 0.24
NbsSn 111 4.2 26.4 18 0.042 0.5 0.42
NbN 375 2.9 129.3 16 0.006 0.21 0.17
MgB, 40 6.9 58 40 0.051 0.34 0.33?

2 (—const*T,/T)
Ryes < f e

Higher critical temperature = lower losses and/or higher operating temperature

E acc,max < H sh

Higher superheating field H,, = higher accelerating fields
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Potential of Nb,Sn Cavities

Increased Accelerating Field

Niobium Nb,Sn
Superheating field 240 mT 420 mT
Max. E,. (theoretical limit) 55 MV/m 100 MV/m

— Shorter accelerators
—> Higher energy gain
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Lower Cooling Cost and Complexity

Niobium Nb,Sn
Critical Temperature T, 9 K 18 K
Q,at4.2K 6 x 108 6 x 1010
Q,at 2.0K 3 x 1010 >10%!

Q, given for 1.3 GHz ILC-shape cavities

4.2K
%
| —

Turn Key
Cooling

%
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Nb,Sn: High Temperature (4.2K) Operation

Lo oo D
12 Q, given for 1.3 GHz ILC-shape cavities = 4.2K operation Wlth h|gh Cryo-
10 ‘ = ‘ : efficiency (game changer!)
I —Nb — No superfluid helium
B
‘ I _Nb3Sn — No need to use large, low
10 -\ % A frequency cavities to run at 4.2K
o | I ! = Simpler, smaller, cheaper helium
O ‘ ! refrigerators
108 77777777777777777777777 N~ : = Use of turn-key cryocoolers (for
B 1 smaller applications)
B !
[ i
I :
6 | | |
10 w w —
0 3 10 15 20
T [K]
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Potential Future Nb,Sn SRF Applications

Large-scale SRF driven accelerators operating in continuous mode:

Key: reduced cryogenic cooling power {::gg
* Future FELs
* Electron-lon collider
* Future circular collider (FCC) ...

SRF driven, pulsed accelerators:
Key: increased energy

Small SRF driven accelerators:

Key: reduced cryogenic cooling power and simplified cryo-systems
« Small-scale science accelerators
« Industrial and medial applications
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The Life Story of Nb;Sn SRF (as of now)

Il. Early Years and Disappointments
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And so Nb,;Sn SRF R&D began 40 Years ago...

Nb,Sn Papers at SRF Conference
20

15
10

7 7
5 : ;
3 3
0 *

1980 1984 1987 1989 1991 1993 1995 1997

Siemens AG, U. of Wuppertal RF testing at JLAB, Cornell, SLAC, CERN...
K.F Karlsruhe
(Cornell)
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Tin Vapor Diffusion Process (Simplified)

Siemens

A B

Wuppertal

Nb cavity

o Tin source

Heating element

Figures from Supercond. Sci. Technol. 30 (2017) 033004

M. Liepe, Cornell University
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Nb,Sn Challenge: Stoichiometry and T,

Nb,Sn Phase Diagram T, vs. Tin Content
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A. Godeke, Supercond. Sci. Tech, 2006
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Atomic Sn content [ % |
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More Nb;Sn Challenges

» Material is brittle Thin films o
+ Low thermal conductivity | 2Vo/d/reduce : Nb;Sn
these
Nb

« Small coherence length §~ 3 -4 nm

- Sensitive to small defects Niobium ;—

0 100 200 300 400 500

- Small first critical field H_, uoH [mT]

= Need to operate in the flux free Meissner Meissner state oy state

) state (metastable)
metastable Meissner state
Nb,Sn
: : : 0 100 200 300 400 500
= Need high quality Nb;Sn films! H_, W HImT H,

Slide 13 g
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First Nb,Sn Cavities: Reality around 2000

)

10 GHz Nb;Sn TM and TE cavities 1.5 GHz elliptical Nb;Sn cavities
Siemens U. Wuppertal

107°

Approximate range at which
H,,., reaches for H_, of Nb,Sn

o TM, 15K = TE, 15K
o TM, 42K = TE,4.2K

S, i - XA <
) 10 S mE
(ned €5 == o
oo .- 3
o0
o ° u | A Wuppertal, 2.0 K
7 108 | A Wuppertal, 4.2 K
19 0 50 100 150 0 5 10 15 20
B [MT] E__[MV/m]
acc

« Usable field gradients, but strong Q-slop (at least at lower frequency)
= Practical or fundamental limits due to vortex entry above H_,?
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RIP

Nb,Sn SRF
1979 — 20017

>

M. Liepe, Cornell University

The End?
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Disappointing results.
Interest in Nb,;Sn faded away....

Nb,Sn Papers at SRF Conference
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The Life Story of Nb;Sn SRF (as of now)

lll. Rebirth: Let’s try again...
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Nb,Sn SRF Mark I

The Rebirth of the Phoenix
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A phoenix depicted in a book of legendary creatures

Rebirth of Nb;Sn SRF

by FJ Bertuch (1747-1822)
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Cornell Nb;Sn Vapor Diffusion Furnace

1o (4) Coating
C t. ' 12007 (5) Annealing
oa |ng . . (3) Ramp
chamber Cavity <
NUCIGanon E 600 (2) Nucleation
agent (SnCl, ) /
<= (1) Degas
anary heater 00 01 02 03 04 osTin?:(ngrs)os 09 10 11 12
Secondary Tin crucible
UHV Furnace heater

Tin source

“Wuppertal” configuration, i.e., with secondary heater for the tin source
Optimized nucleation and temperature profile >

S. Posen and M. Liepe, Phys. Rev. ST Accel. Beams 15, 112001 (2014). U.S. DOE award DE-SC0008431\“ L
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Nb,Sn Coatings

Nb,Sn forms a -
polycrystalline layer on
the surface of the

niobium

- RF Surface ~

-

Before Coating

After Coating

M. Liepe, Cornell University IPAC 2019
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Cornell 1.3 GHz Nb;Sn Cavity Breakthrough 4.2K Performance

)

11

10 ]

: ® NbSSn cavity at 4.2 K

| .Mmo WO ABDCO D Aay
v 20x more

& efficient than
- Nb at 4.2 K!
FIrst non-Nb accelerator cavities ever
| that outperform Nb at usable gradients!

10 . . T . T T )

0 2 4 6 8 10 12 14 16 18
Accelerating gradient (MVV/m)

5‘%2 . )
4 Cornell University )
S. Posen et al., Applied Physics Letters 106, Issue 8 (2015). U.S. DOE award DE-SC0008431 <S=%
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The Rebirth of Nb,Sn SRF R&D

20 Nb,Sn Papers at SRF Conference
15
10
5 i
| INFN
OEIEI om0 o o
O > A DN DO AP AN PN &N
Siemens AG, U. of Wuppertal RF testing at JLAB, Cornell —
K.F Karlsruhe ornell, ,
P Cornell, SLAC, CERN JLABFNAL—
CERN ——)

PKU, IMP, KEK...
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JLAB and Fermilab Nb;Sn Vapor Diffusion Furnaces

. aaaaeeeaa.. D
JLAB Nb;Sn Coating System Fermilab Nb;Sn Coating System
.!gf;ggon Lab Grigory Eremeev Sam Posen 2% Fermilab

Previously existing SRF vacuum furnace

Nb Coating Chamber — contains
Sn vapor _

r 0 u AT n R n

“‘Siemens” configuration, i.e., no “Wuppertal” configuration, i.e., with
secondary heater for the tin source secondary heater for the tin source
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Cavity quality factor QO
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1.3 GHz Nb,;Sn Cavity Performance: State-of the Art

e 2

Cornell University Jefﬁerson Lab
N ’Y—
@ ERL14,42K ®  Nb,Sn-coated RDT7, 4K
A HSMEE 1ot - ® Nb,Sn-coated RDT7, 2K
] -..'."'..'nn..
+ g + i i LT
11X +H + %f#m [ e e,
10" 4 |
1 Q,~510°@E,,=15MV/m
| @ 2K
G. Ciovati, I. Parajuli, U. Pudasaini
T T T T T T T T 109 T T ¥ = " I ¥
0 2 4 6 8 10 12 14 16 0 5 10 15 2(

Accelerating gradient (MV/m)

E, . [MV/m]

* Very reproducible performance
« ~4K operation with unprecedented Q >101° at typical CW operating fields
* Current quench fields: 16 — 22 MV/m (FNAL world record)

M. Liepe, Cornell University

IPAC 2019

10"

10°

)

T .
a2¢ Fermilab
(o World record CW
gradient for Nb;Sn
accelerator cavities!
“..""..
Q, > 1x10"° at /
20 MV/m at
44K
o 44K
S. Posen e 20K

acc
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Drastic Reduction in Cryogenic Losses

14

[y
N

=== 1 3 GHz Niobium baseline at 2K (Q=2*10"° at 2K; 800 W/W cryo efficiency)
¢ 1.3GHz Nb38n at 4.2K, current (200 W/W cryo efficiency)

m 2.6 GHz Nb3Sn at 4.2K, current (200 W/W cryo efficiency)

—
I (o2} [o¢] o

cryogenic AC cooling power [kKW/active meter]
N

o

H BB . .
i\=z)) Cornell University
%Dn: [$> o

M. Liepe, Cornell University

6 8 10 12
Accelerating gradient EaCC [MV/m]

IPAC 2019

18

>60%
reduction in
AC cooling
power
Simplified
cryo system
(4.2K vs 2K
operation)
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The Life Story of Nb;Sn SRF (as of now)

V. Growing Up: The quest for higher performance
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Quest 1: Higher (multi-GHz) RF Frequencies

10" [
4 13GH:z
4 26GH:z _
G‘:‘ # 3.9 GHz (Preliminary) | |
S
*
© M QR SPS *
©
[ et
2 10" T,
© "y e *ee 4 0 *
S MR GRS i L3 S
o
=
% ", * ¢ * Y *
Q) ot*? ¢ N
All curves at 4.2 K
10° : : ' : '
0 2 4 6 8 10 12 14 16 18

Accelerating gradient (MV/m)

* First high-performance Nb;Sn elliptical TM010 cavities
« Example: 50x more efficient than Nb at 2.6 GHz and 4.2 K
* 1.3 GHz and 2.6 GHz cavities have ~ same cryo loss / active length
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2= Fermilab Fermilab Frequency Dependence Study
- oo D
* Frequency dependence of Rgg, R..s, quench, trapped flux sensitivity
650 MHz is an interesting step between scaling up form a 1-cell
1.3 GHz to a 9-cell 1.3 GHz cavity
» Better understand how vapor diffusion process scales with different

sized substrates Fermilab Nb,;Sn SRF program: a number of 1.3 GHz cavities already coated
and tested; these are the first 650 MHz and 3.9 GHz cavities
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Nb,Sn: Frequency Scaling of Trapped Flux Losses

Sensitivity = AR/B

trapped
2.5 R
A 650 MHz |+— Fermilab :: 265t Initial resu_lts shc_)w unexpected,
m 1.3GHzA| £ Y slow scaling with frequency
2/ 8 1.3GHzB & A a _
O 3.9 GHz Ve Cornell above ~1 GHz:
— Kﬂe A
215/ Ot g '+« ~./f dependence
E AA ocp " .
= @aA < « Good news for high
wn

eﬂ\t
(eq\% i
oooooO @W frequency Nb;Sn
05/ ..-.-3-“5 '« Non monotonic frequency

PO .ddle frequency
i dependence <1 GHz?

0 5 10 15
Cornell University E acc # Fe r m i Ia b
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HEsr o
i) Cornell University
%Dsn »\“3

Quest 2: Even Higher Q,

I
Riotal Two important contributions to surface resistance at 4.2K:
* R, from trapped flux

107

-
=
&

BCS Resistance (Q)

10710

=> [mprove magnetic shielding and cool down uniformity
scs (T)

' « At higher temperatures

2.6 GHz (24K): "normal” Nb,Sn

gap dominates losses

» At lower temperatures
(s3K): second, small
gap dominates losses

2-gap fit:
Rgsc = (1-P)'Rgcst + P-Rpes: * Ratiop ~ 10

16 14 1/356 1/3 125 1A 1/2 118

M. Liepe, Cornell University

1T (K
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&@prigHTBEAMS  NbsSn Vapor Diffusion Growth

%

TEM/EDX of Nb;Sn Throughout Growth Simulation of Diffusion and Growth

nucleation 800° C 875° C
ge 150 Initial growth: Grain-bound. assist. growth:
.g * Nb diffusion * Fast downward Sn
S transport
= : 0 Sn S
© Yy n S
o = "~ Sn+Nb Downward n
: = "
S - transport 1
c -

boundaries
Nb3Sn Growth on Niobium Oxide

Sn

preanodized

D. Muller, P. Cueva New insights => Higher-performing Nb,Sn cavities N. Sitaraman, T. Arias
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) cmarunvesiy— QuUest 3: Higher Quench Fields

A4

Slgnature of Quench in Nb3Sn

10" < 1.2

¢ 4.2 K Post-Quench = %5 },&1

ya

v 2.2 K Pre-Quench 2 :,‘ a '4 v»‘:E 1 ;m‘

* 2.2 KPost Quench 38 ::: ::: ua 0.8 T—;
o (=)
= = S 10 HIECIEN ) [ [ =S
@ s} 2 L ] < 0.6
o 0 S S - ” o o =
; 5 4 5 ¥ 8 K 8
£ w 10 | z ’0‘ ”v vv 04 [
= > 10 > <] P oy S
> 2 8 X RN K S
: 5 :: N O o 0.2
a g + i Pl =
[
LT_ 1 1 I L 0

0 5 10 15 20 30 35
ZQZ Board (around cgfty)
Maximum field 15 @7 MV/m, Trace 1
20 . . . . :
0 20 40 60 80 100 120 1090 2 1'1 5 é 1‘0 1'2 1‘4 6 18 1

Quench field (mT)

16

Accelerating gradient (MV/m)
14}

*— Max Field 1

12

 Weak dependence on RF frequency _
« So significant change vs T (1.7K to 4.2K) il i
* Nb;Sn cavity field limited by localized defects i i
« Just below quench: Quantized jumps in losses :m

Blue: dT at quench region (mK), Red: Accelerating gradient (MV/m)

A

* Vortex entry? o Time @ "o
—— Tlme —

M. Liepe, Cornell University IPAC 2019 Slide 31




eeeeeeeeeeee

& BRIGHTBEAMS Candidate Defect: Grain Boundaries?

Ginzburg-Landau Simulation of Vortex

Nucleation In Grain Boundaries
M. Transtrum / A. Pack

» Surface roughness enhances
local surface fields
« Short EP can ~half roughness

- -After®EP 4.
AN By

grainDepth (A)
o
w
o

\ \

05 10 15 20 25 30 35 4.0 _ g2 =97 B \
grainHalfwidth (A) i ’ (oS i . \
- 9 ) =Y

Geometry of grain boundaries lowers
vortex entry field ( for { << A Nb3Sn!)

»
. -

M. Liepe, Cornell University IPAC 2019 Slide 32



Quest 4: Lower Cost via Coating on Bulk Copper
I >

« Electrochemical plating studies at FNAL and Cornell

* Magnetron sputtering at CERN: + o ot ;

Main coating parameters: 250 ¢
Coating gas: Aror Kr CC: 200 *
Coating pressures: 7-10* mbar ... 5102 mbar et
Composition: Sn 20 At% to 27 At% X 150

2 4 6 8 10

First RF results are encouraging, but
more work needed to improve Sn
concentration (Tc) and likely grain size

For more details see: E. A. llyina, et al. Supercond. Sci. Technol., 32 (2019)

M. Liepe, Cornell University IPAC 2019 Slide 33



The Life Story of Nb;Sn SRF (as of now)

V. Maturity: Nb,Sn SRF accelerator applications
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Nb,Sn Multi-cell Cavities for Accelerator Applications

— )
.ge/fe'so ?b - JLAB: 5-cell 1.5 GHz cavity coated and RF testing started
7 _ * Fermilab: Coating successful with 1.3 GHz 9-cell sample

host cavity — very good uniformity. Full coating and RF
testing of 9-cell coming this summer

« Cornell: Multicell coating facility under development

Fermilab

A s W Bz Mo W BB

existing UHV furnace

- - -

gt

is

new Nb3;Sn coating
chamber insert

M. Liepe, Cornell University IPAC 2019 Slide 35



(Potential) Nb;Sn Accelerator Applications

Nb,Sn cavities for Upgraded Injector Nb,Sn on Copper Studies at CERN

Test Facility (UITF) @ Jlab for FCC
2 ((FE5))

‘2021
° * RF tests of
2020 A15 on-Cu
cavities
+ Evaluation performed
3 of A15-on-
Cu samples
“The A15 compounds have the potential to
J ffer:son Lab Outperform niobium...”
"
D. Abbott et al. , Phys. Rev. Lett. 116, 214801 _
B. DiGiovine et al., Proc. AIP Conf. 1563, 239 (2013) See FCC conceptual design report @ fcc.web.cern.ch

http://wiki.jlab.org/ciswiki/index.php/Main_Page

M. Liepe, Cornell University IPAC 2019 Slide 36



2& Fermilab Nb,Sn for Compact SRF Accelerator at Fermilab
I >

10

« Development underway for compact Nb,Sn SRF cavity P Syl gy
. . . @ Heat Dissipated by Niobium z 1-Cell Cavity at m
based accelerator at Fermilab, with cooling by cryocooler o epsspaedornsoated Caviy at o mvim
— Industry, medicine, security, science | }
« R&D on conduction cooling shows feasible methodto 2
remove heat without cryogens * ——— T
1L with 1 Cryocooler of 1 Cryocooler
ol
0 ° 4 |
0 2 4 6 8

R.C. Dhuley et al. “Thermal Link
Design for Conduction Cooling of SRF
Cavities Using Cryocoolers,” IEEE
TransaCtionS on Applled Image courtesy Charles Thangaraj/IARC, Fermilab
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Jeffergon Lab Compact High-Power CW SRF for Industrial Application

— N

* 1-year design collaboration among JLAB, AES, General Atomics
* Funded by DOE-HEP (Accelerator Stewardship)

« Use in wastewater and flue-gas treatment

« 1 MeV, 1 A electron beam

Nb,;Sn/Nb/Cu $=0.5 single-cell oo S s T e
cavity, conduction cooled with W /
four 1.5 W cryocoolers

High Powered
Window

HOM Absorber

Patent on Cryomodule design filed on 01/29/18 Slide by G. Ciovati
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g Cryocooler

' / Vacuum vessel

Thermal shield

NbsSn SRF cavity

RF power coupler

* Design study of conduction cooling of Nb;Sn cavity from cryocooler
indicates feasibility

M. Liepe, Cornell University IPAC 2019 Slide 39



Is Nb,;Sn ready for next-generation accelerators?
I >
v Nb;Sn coating facilities established (650 MHz — multi-GHz)

« Cornell, JLAB, FNAL ... more coming

v Nb;Sn 1-cell vapor diffusion coatings at Cornell, JLAB,

FNAL demonstrate performance needed for applications

~4K operation with unprecedented Q >107° at 1.3 GHz

« Drastic reduction in cooling power and complexity

16 — 22 MV/m quench fields (similar to LCLS-II cavities)

 Robust and reproducible process

* Robust cavities (no issues with HPR, long term stability...)

« Demonstration of multi-GHz Nb;Sn cavities opens path to compact
SRF

M. Liepe, Cornell University IPAC 2019 Slide 40



Is Nb,;Sn ready for next-generation accelerators?
I >

v" First multicell Nb,Sn cavities underway

« Good uniformity of coating already achieved
v' Cryomodule and technical R&D started

v" Compact cryomodules

v" Cryocooler with conduction cooling
v Future R&D (addressing technological challenges):

* Nb3Sn cavity frequency tuning (Nb;Sn films are brittle)

* Microphonics control at ~4K

= First applications within 5 years realistic goal
= Ongoing R&D will lead to even higher performance and
further cost reduction (e.g. Nb;Sn on copper)...stay tuned ‘_

M. Liepe, Cornell University IPAC 2019 Slide 41




Thank you for your attention!

3¢ Fermilab Jefferdon Lab
Special thanks to

Sam Posen, FNAL

Cornell University N7

UN
eﬁ'\'\— Il/(“*
S )
of |8 8|\
¥ <
QN\ER)
04' )
QFp p.>
The Center for

Grigory Eremeev, TINAF D
Marco Arzeo, CERN & BRIGHTBEAMS

Nathan Sitaraman, Paul Cueva, Alden Pack, Ryan Porter, CBB
for providing some of the material for this talk!

“Now this is not the end. It is not even the beginning of the end. But it is, perhaps, the end of the
beginning.”

Sir Winston Churchill, Speech in November 1942

M. Liepe, Cornell University IPAC 2019 Slide 42




<<
  /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


