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Large linear RIB facility

*In flight RIB production
*Fast RIBs
*Re-accelerated RIBs

el = *$730M total cost

L= s : *Conceptual Design in 2010
| . L
| ] *Project completion in 2020
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ReA3 Re-accelerator Linac

* First SRF linac at MSU, 3=0.041
QWRs in operation since 2 years

= Excellent test bench for FRIB QWRs
= Operation T=4.5K

Pilot Source

Mass Separator

In Operation

0.041 RebuncherCryomoduV Installation
; RFQ i
T ' & > 041 Cryomodule end of 2013

4% dt 0.085 Cryomodule
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Original ReA3 Cavity Design Characteristics

= Main characteristics
e Coaxial structure

* Inner conductor with spherical end cup and
mechanical damper

« Semi-toroidal shorting plate
« Beam ports deep drawn in the outer conductor

* Tuning by deformation of the central (slotted)
section of the bottom plate

* Very large tuning range obtained by putting the
tuning plate very close to the inner conductor

* Helium vessel in Nb, tig-welded in air with Ar gas
flow

* RF ports located in the removable bottom plate
= Goal: high performance, moderate cost
= Prototypes for the FRIB driver QWRs

>
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B,=0.41 QWR - 2 Years of Operation in ReA3

) Naked teSt at 2 K (naked pii?ét:/e::gznktest)
* E,=80 MV/m, B,=147 mT e

* Dressed test at 4.2K
» All cavities beyond specifications

= |In ReA3

3¢  FRIB GOAL 2K B.=147 mT

* 7 cavities operating on line at R o Dok, 092007 g
4.5K and relatively low field as A

E . (MV/m)

required (Ep=16 MV/m, Bp=35
mT)

Production Summary for ReA3 3=0.041 Quarter Wave Resonators

T
FU ReA3 GOAL 4K
—8— =0.041 QWR #2, 03/2009
—O— (=0.041 QWR #3, 11/2009
—O— (-0.041 QWR #4, 1172009
—— =0.041 QWR #5, 01/2010
—— =0.041 QWR #6, 12/2009
—— (1=0.041 QWR #7, 01,2010
— (0041 QWR £8, 012010

= Similar results expected for the
=0.085 QWRs of similar
design...
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B=0.085 QWR Prototypes Performance

= Built 2, $=0.085 QWR prototypes
without He vessel (naked)

lﬂ“]

Ty e Tested fully immersed in liquid
! Generation g

3 —I—IET[RI_;] E He (dunk teSt)

A —y 2nd (SC247 JK) |

* One performed well, as expected
* One gave rather bad results
» initial interpretation: defect in the

: ia material hard to see, statistically
3 32 possible
b 3% aThe design was accepted
- a é 1I 2I4 3I2 4ID 48 .yn . .
" E, oMvim) = 9 cavities built with He vessel

4.2K Results of the first $=0.085 (naked cavity — dunk test)
FRIB and ReA specifications are given for 4.2K

4 Michigan State University A. Facco, SRF2013, Paris, Slide 6
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Irreproducible Results?

* 9 new cavities:
« all much below specifications

085-002-B Vertical Test Comparison ¢ Bad reSU|tS a|SO after He
vessel removal

== (85-002-B04

FRIB goal

1E+09

Qo from Pf-Pr-Pt

1.E+08

)
Mt

1.E+07
0 10 20 30 40 50

Epk (MV/m)

» “Good” prototype:

« initial results irreproducible
after He vessel installation

= |nitial suspects:
» Construction defects

« Unwanted changes in cavity
preparation

. " No evidence found:
« all cavities looked good

Cavity 246 RF test results at 4.2 K
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Search for the Problem Origin

* The problem appeared rather subtle and complex

= A panel of SRF experts from other laboratories were contacted and a
weekly phone meeting was organized to discuss strategies and results
(C. Crawford, P. Kneisel, R. Laxdal)

» \We started an intense campaign in order to solve this problem which
was leaving FRIB and ReA without one of their main components

» \We used
 Old data analysis
* EM simulations
e Thermal simulations
» Cavity assembly procedure changes
 Cavity surface treatments
 Cavity thermal treatments
 Cavity mechanical modifications

» Cavity RF and thermal testing at different temperatures (38 RF tests, up to 2
cold tests per week, and a comparable number of CP and HPR treatments)
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Prime suspect: bottom plate system

» Possible problem: normal conducting spots
» Bad RF contacts
* rf losses in the NbTi flange
» Bad cooling, bottom plate overheating
* RF losses in Coupler (glow discharge, MP...)
 Field emission to coupler and tuning plate

» However, the same type of bottom plate was working
well in the B=0.041QWRs...

NbTiflange
Welded to the outer
conductor

Indium wire for
vacuum sealing

Rf contact

7

W 06/29/2010
Tuner port
‘ e
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RF Contact Tests

* The tuning plate hosted the rf ports and was cooled through the rf
contact with the NbTi flange. The pressure was given by the SS
backing flange

: Thg pressure on the rf contact was measured of by means of film

N
@

 Special rings have been inserted to increase that pressure
* A special “knife edge” RF contact to the Nb outer conductor was tried

i‘auzu

[T]

Good contact ‘ ~ Bad contact

* More pressure in the contact was giving slightly better performance

* None of these actions lead to good SRF results

/- #” Facility for Rare Isotope Beams
FRI B i - U.S. Department of Energy Office of Science
%i 4 ’ Michigan State University A. Facco, SRF2013, Paris, Slide 10



Role of the Plate-to-Inner Conductor Distance

* From old data analysis:

* The “good” prototype could reach a higher field when the plate was retracted
by the tuner far from the inner conductor tip, with no x-rays

= Overheating and NC spots due to rf current increase?

085-003-B Qo vs. Epk at Tuning Plate Extremes

Tuner 5 mm in

1.E+08
0 5 10 15 20 25 30 35 40 45 50

Epk (MV/m)
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Heat Load from Coupler, Tuner?

* \We suspected overheating and local SC to NC transition of the

plate (in hot spots), due to

1.  RF coupler radiating heat on the plate, drained by thermal conduction
along the thin Nb plate and dissipated on NbTi flange

= Simulations: coupler+tuner heat load to the tuning plate ~ 1
Watt: not too bad, as in the working =0.041 QWR

= Sufficient cooling in the p=0.041 QWR, but not in the =0.085
one even when fully immersed in liquid He?

>
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Too High Magnetic Field in the RF joint?

= Suspect: ~2 mT magnetic
field in the normal
conducting RF joint too
high?

= “Comfortably safe” value
from experience: ~ 0.5 mT

netic Field at the RF joint (mT)

Mag

A Original cavity design

100 | : | : ?, |
- elongated cavity

s
w
(-]

0.00 - —~ — . —
40 50 60 70 80 90 100 110 120 130
Tuning plate distance from CE tip (mm)

Critical test: elongation of the cavity OC

»Added 5 cm to the OC of the worst performing cavity
«0.5 mT in the RF joint at the FRIB E,

e lower Ep

, lower field emission to the plate

*lower rf current on the plate thus lower rf losses

Facnhty for Rare Isotope Beams
U.S. Department fE gyOﬁ of Sci
Michigan State Uni
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Improvement with Elongated Cavity

*Qand E,
 Before elongation: very

b d 085-002-B Vertical Test Comparison
a 1.E+10

* After elongation: great
improvement

* The cavity could not yet
reach specifications

== (85-002-804

== (}85-002-B06-002

Qo from Pf-Pr-Pt

= Plate-IC distance after elongation

critical parameter, but ..«
main limiting factor still

unknown i
* \What about Q-disease?

Could it randomly R 0 o 0 w0 0 0
contribute giving Epk (MV/m)
misleading results?

| w3 Facility for Rare Isotope Beams
l ' U.S. Department of Energy Office of Science

Before elongation
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Q-disease

* We did various “12 hours 100K soaking” tests in order to verify if the

cavity was affected by Q-disease
» The cavity showed a strong Q-disease

T —— ; .
R — b 085-002-B06 Q-Disease Check
e | T e ¥ o T ==
LE+09 | dubuy faSt .
\ ey COOIIng
=) o "_"‘--A».___E_‘_*
o W - T
“"“-h_____*_
——
1.E+08 e
Slo N
w COOIIng
1.6+07
E. T- 0 5 10 15 20 25 30
|0.0472 1.81E+9 Epk (MV/m)

= \We treated the elongated cavity at 600 C for H degassing
* The heat treatment was performed by JLab

e 085-002-B06-002

—4—085-002-BD6R-003

35
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600° Hydrogen Degassing Results

= Q disease

1.E+09

disappeared
p p 085-002-B Vertical Test Comparison
= E_ above e
specifications s
= No progress in Q: -

presence of another
source of strong RF
losses

Qo from Pf-Pr-Pt

1.E+08 -

» Suspect: RF current

flowing beyond the i
RF contact, on the SS |

1.E+07

baCking flange? 0 1.0 20 30 40 50 60

Epk (MV/m)

==
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RF Contact: 1st critical test

= \We put an additional Indium
wire close to the inner edge of

085-002-B06 Qo vs. Epk

the cavity flange, to fill possible | .u. _ _ TS
gaps and make a good RF Indium wire el

contact vacuum seal G atixr s

= \We tested down to 2 K ‘

* Same results at2 and 4.2K |
*No Q jump at 3.4 K, Indium T, ¢ -
*Rf current flowing beyond

| g
=)

the wire over SS could N ) K

explain the rather constant =

losses at 2 and 4.2 K and 49K

the very low Q o
=RF contact was not at the ek

inner Indium wire?

v : Facility for Rare Isotope Beams
FR I B | U.S. Department of Energy Office of Science
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Rf contact: 2"d Critical test
single In wire and thick Nb plate

* New suspect: differential thermal contraction of SS and NbTi (0.5 mm)

could cause opening of the RF contact while cooling down the cavity

2"d Critical test:

*Rf couplers mounted at beam ports Thick Nb plate

| I
- - l

I b .
& i

= 3

- E
= =
=

Indium wire for vacuum
sealing and rf contact

=thin Nb plate and SS backing flange
replaced with a single, thick Nb plate:

= differential contraction removed

=Single In wire between NbTi flange

and Nb plate:

=good vacuum = good rf contact

>
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The Culprit was finally caught...

= Excellent Q at 4.2K
and 2K with the “bad”
QWR after
elongation and plate
modification

» FRIB specifications
fulfilled with a large
margin both at 4.2 K
and 2 K

= Problem understood

= Solutions were

1.00E+11

1.00E+10

Qo from Pf-Pr-Pt

1.00E+09

1.00E+08

elongated cavity with thick tuning plate and side coupler

4 FRIB 2K Goal
4+ FRIB 4.2 K Goal
+ ReA3 4.2 K Goal

-=-085-002-B10-004/005
085-002-B10-010 (2K)

2K FRIB

2K test

4.2K ReA3 4.2K FRIB
— 4.2K test
B, /E =2.24 e
PP
10 20 30 40 50 60 70
Epk (MV/m)

available

>
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4.2 and 2 K naked results of resonator 246 (elongated) with
single Indium wire and thick Nb plate
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Naked Test with RealisticTuning Plate

= The 20 mm thick Nb
plate could not
simulate the real,

1.2mm tuning plate

New test with:
* 1.2 mm Nb tuning plate

* Titanium baking plate
to remove the problem of
differential contraction

» Results good, but lower
Q and earlier quench:
plate cooling issues?

Qo

| II | Thin Nb

plate

Single In wire for
rf and vacuum

1.E+10 ——
Goal
——085-002-B04
—+085-002-B06-002
bt G o e Thl'ck ~e-085-002-B07-005
hfﬁ“/%&% /Vb p/a L 085-002-B10
1.E+09 oS , * g‘,ﬁ"}‘"-%«-h e —+—085-002-B11-005

1.E+08

1.E4+07

30
Epk (MV/m)

40 50 60

—» b
v Facility for Rare Isotope Beams
i . U.S. Department of Energy Office of Science
j Michigan State University

A. Facco, SRF2013, Paris, Slide 20




Thermal Issues with the NbTi Bottom Flange

The Nb tuning plate is cooled by the bottom flange through
the Indium seal: bad cooling could turn in NC spots

= Thermal conductivities at

CryOg en | C T Thermal conductivity of SRF materials
o Ind|um exce”ent . cctmp.endlumfromdlfferentsources
« High RRR NB: quite good 54
. . Nb, RRR=25 “In
* NbTi : qUIte bad € 100 ’\/ :
= NbTi flange: n -

—

* Relatively cheap
* it welds well both with Nb and Ti

* High RRR Nb flange: more
expensive than NbTi, but
necessary for efficient cooling
of the tuning plate

Facility for Rare Isotope Beams
FRI B U.S. Department fEn gyOffc e of Science ) )
& Michigan State Uni A. Facco, SRF2013, Paris, Slide 21
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Final Diagnosis: Multiple lliness

= differential thermal contraction of
the NbTi flange and SS backing
plate caused the conical
deformation of the NbTi flange and
opening of the RF contact during
cooldown

» The current flowed in the RF joint

through SS in a hardly controllable
way.

*The short inner conductor tip - tuning plate distance caused
*High current flow through the bad RF joint, plate overheating
*High peak E field on the tuning plate, FE

*The RF couplers on the tuning plate increased thermal load

*The low thermal conductivity of the NbTi flange caused bad cooling

Therapy =replacing the bottom plate system

v Facility for Rare Isotope Beams
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J Michigan State University
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Refurbished Cavity Design for ReA3

» The plate and rf ports positions were optimized to obtain low rf losses,
low B at rf joint and a tuning range of =20 kHz

* A new slotted plate was chosen, with adjustable puck for final tuning

Old design New design

Adjustable puck
welded to the tuning
plate for final
frequency setting

Coupler port

P Increased
NbTi

High RRR Nb[

Coupler port -
Stainless steel

Ti TF . . Flatarea
Single Indium wire

for vacuum and rf

& " Facility for Rare Isotope Beams contact
FR I B U.S. Department of Energy Office of Science
j Michigan State University A. Facco, SRF2013, Paris, Slide 23



First Refurbished QWR Performance with
Low Temperature Baking

= A first, fully refurbished cavity
with high RRR Nb bottom flange
was obtained by modifying the
old “good” prototype

= Excellent results were obtained
both with the naked and, for the
first time, with the dressed
cavity

= | ow temperature baking at
120° C improved Q at high E,

= All 9 QWRs for ReA3 were
refurbished

>
| - Facility for Rare Isotope Beams
) ‘ U.S. Department of Energy Office of Science
- J Michigan State University

RF Test Summary for ReA Quarter Wave Resonators

81| —&— QWR #1, After 120C soak, 11/2011

Y ReA6 GOAL 4K
—8— Refurbished QWR #1, Dunk 08/2011
—0— QWR #1, Before 120C soak, 11/2011

0 2 4 6 8 10

E__ (MV/m)

RF Test Summary for FRIB Quarter Wave Resonators

Y FRIB GOAL 2K
—8— Refurbished QWR #1, Dunk 08/2011
—6— QWR #1 Not Dunk (Vessel), 11/2011
—6— QWR #1 After 120C Bake, 11/2011

0 2 4 6 8 10
E  (MV/m)
oaoo

A. Facco, SRF2013, Paris, Slide 24



Final Performance at 4.2 K of the 9 ReA3
Refurbished QWRs

= All refurbished QWRs exceeded ReA specifications at 4.2K with
uniform and reproducible performance after 120° C baking

4K RF Test Summary for ReA3 05-July-2013

4K RF Test Summary for ReA3 05-July-2013

‘ e — e 40 SC"»‘SII
|| —e—sC256 @ -
10"l | | —e—sC252 | —6—SC256
| ——scoss ] 351 —e—sC252
|| =—e—1SC249 ] ——S(C248
3 Scass3 ' —w—5C249
Ak | 2 scass ' 30 $C253
. v ‘:‘1—%“' . i SC255 1 )]
o —a | | —&—sc2s0 | —o—SC254 )
—— ok FRIB GOAL 45K 25H SC255 J’Q
e boal % ] — —&—SC250 ]
- G g
Sy = 20-
9 2
10 o g
15
i 101
s
i 2 —O_
E JESE S
Ios L 2'5 L 5 L | 7. 1 :u 10 1 1|2'5 0 1 1 1 L 1
0 1 2 3 4 5 6 7 8 9 10 0 20 40 60 80 100 120
Emlc (MV/m) (Leﬁ;ﬂﬂ) Bmm (mT)

Red marks: with L =240 mm cavity diameter < fA=317 mm

/7 MV/m is an administration limit applied during vertical test before installation
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3=0.085 ReA3 Cryomodule

= Refurbishment of existing ReA3 cavities successfully completed
= All cavities exceeding specifications both for ReA and FRIB

= Construction of ReA3 crvomodule with MSU side couplers close to
completion -

' coupler pickup
tuner

ReA3 cryomodule

Facmty for Rare Isotope Beams
U.S. Department of Energy Office of Science ) )
Michigan State University A. Facco, June 2013 Lehman Review - B04, Slide 26



ReA3 QWRs Performance at 2K

= Two prototypes and nine production cavities tested at 100%

success rate since 2011

* FRIB requirements largely exceeded at 2K
* The FRIB QWRs will be similar, with larger OC diameter

2K RF Test Summary for ReA3 20-May-2013

10 |

10

Unbaked spare P—bp 3

*

9

10 + QWR #1, 062012
QWR #2, 072012
QWR #3, 0872012

e QW #4, (9/2012
e QWR #5, 10/2012
QWR #6, 102012
i OWR #7, 11/2012
QWR #8, 01/2013
—F— QWR 19, 04/2013

Prototype #1, 0272012

Prototype #2, 1172012

8 REEALLK 5 7.5 10 125 15
0 2 4 6 8 10

E _ (MV/m)

ace

10

Red marks: with L =240 mm cavity diameter < fA=317 mm

-,
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30

25n

20

2K RF Test Summary for ReA3 20-May-2013

—8— QWR #1, 06/2012
—@— QWR #2,07/2012
—6— QWR #3, 082012
—— QWR #4, 092012
—— QWR #5 10:2012

QWR #6, 10/2012
—— QWR #7, 11,2012

QWR #8,01/2013
—B— QWR 49, 04/2013

== Prototype #1, 02/2012
—8— Prototype #2, 11/2012

Y R =1ln02

Y ———

*

100 150
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Low Cost Bottom Flange for FRIB QWRs

* New, high RRR Nb flange: very well performing, but requiring a large
amount of expensive material (~350x350x20 mm plates)

* \We made the same flange with Ti material, and only a small amount of
high RRR Nb in the area of the Indium joint exposed to RF

» Good cooling is guaranteed by channels for liquid He
* The flange cost was drastically reduced by 90%

Cavity Outer
Conductor (Niobium)

Cryogenic
Cooling
Channels

Thin Niobium Plate

Cavity Outer

High RRR Niobium Flange Conductor (Niobium)  Titanium Flange

Indium joint position Indium joint position

™
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Low cost flange results

» Low cost flanges were tested in both ReA3 3=0.041 and =0.085
QWRs equipped with He vessel

» Results largely beyond FRIB specifications
» Adopted as baseline for the FRIB QWRs with significant cost savings

RF Test of Low Cost Flange 28-November-2012

RF Test Summary for SC242 14-June-2013

] I T
! =8 5C247 Low Cost (4K}

h~—'_'_°\ i F oot
y -
T

—a—43K
—f— 20K
Y FRIB GOAL 2.0K

¥r FRIB GOAL 2.0K
ReA3 Goal 4.5 K

—>
or 10
p=0. >
; i .
. jZ 145 mT |
Red marks: with L ;=240 mm | 2 1
cavity diameter < fA=317 mm |
. . 25 |5 75 (10 125 15
%% 5 10 o 1 2 3 4 5 6 7 8 9 10 Il

E, . (MV/m) E, . (MV/m)

Results at 4.2 and 2K of ReA3, $=0.041 and =0.085 QWRs with He vessel, limited by available rf power
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Last questions to bring the puzzle to a

solution..
= \Why the standard = |s it worth to refurbish
configuration worked well also the 3=0.041 QWRs
in the 3=0.041 and notin for FRIB?
the 3=0.085 QWRs? - Further testing showed slow
* 3=0.041 QWR;: cooling even in the 3=0.041
» smaller outer conductor cavity tuning plate: problems
diameter might appear at the FRIB
» smaller IC tip surface gradients
1. lower current induced by  *the FRIB lower- QWRs
capacitance to the plate: will have the new design
lower thermal load -
2. Shorter cooling path :

better cooling
3. lower differential ¥ TR
contraction: better rf i £ ‘ v
contact SNEEDP . W

06/24/2010
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Conclusions

» Subtle phenomena can cause sometimes big trouble and large delays.
A similar problem appeared in the ReA QWRs after apparently
insignificant modifications of a working design, which were expected to
preserve performance without drawbacks and without need of
systematic testing.

» Eleven underperforming QWRs of the first ReA3 production lot could
be fully recovered by detecting and fixing the several design details
that, combined together, caused a somehow puzzling behaviour.

» This work, in addition to bringing ReA resonators to full performance,
gave us precious information for the design of the FRIB resonators and
for the assessment of their optimum processing.

" Facility for Rare Isotope Beams
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“Every puzzle looks easy once you know the solution”

Thank you

ﬂ» b
v Facility for Rare Isotope Beams
FR I B \ U.S. Department of Energy Office of Science ) )
w Michigan State University A. Facco, SRF2013, Paris, Slide 32




<<
  /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


