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* ESS Intro
— From construction to operation in a (former) “green-field” organization

* High Level Accelerator Milestones
* SRF Activities at ESS

Not covering component design and status of

— Incoming cryomodule reception activities at IK partners!

— (Preparation of) testing * Talk by G. Devanz, WETEA1

— Elliptical test stand preparation ESS Technology Development at IPNO and CEA
Paris-Saclay

* Status of SRF infrastructure « INFN: MOPO56,MOPO58, THP093

— Tunnel installations « IPNO: TUPO19
— Power RF installation activities in the service gallery * CEA: WETEA1, MOP086, THP096, THP097
— Cryoplants status * UU: THPO57, THPO58

* STFC: TUPO40, THPO27

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden 2
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The ESS Accelerator @ kit

. N
Scope, Parameters, Technical Performances S

Key parameters & Design criteria:
* Pulse length: 2.86 ms pulses
* Max Energy: 2 GeV
* Pulse peak current: 62.5 mA
High Peak Beam Power * Pulse Repetition rate: 14 Hz
125 MW + Particles: Protons (H+)

High Availability (User Facility) : IIGIci)r‘:;rlnc;::eesnergy oo

Design Drivers:
High Average Beam Power
5 MW (Initially 2 MW)

95% » Flexible design for risk mitigation and future upgrades
- 35221 MHzC———————— = = 70442 MHzC—_— Dogleg S
«<25m—> €«46m-> <€«40m-> €38BIm> <€«59Im> €«—767m—> <« I1789m —>
DTIL Spokes ﬁ Medium B ﬁ High B G HEBT Dump Line g Dump
75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV
Collaborative: 18 IK partners in 8 countries, Staged: 1.3 GeV capacity with 2 MW on target for 2025

5 collaboration partners remaining RF sources (40) installed after 2026

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden 3
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ESS, large in kind scope W

SOURCE

Technical SRF work so far at IK, shift to ESS for test/install/commissioning

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden

Almost all components of the linac are designed and provided as in kind contributions
After handover scope transferred to ESS

For the SRF linac, the partners are organized in the ESS SRF Collaboration with the workshare:
— Spoke cavities and cryomodules (including prototype) by IPNO, F

— Testing of spokes modules by FREIA laboratory of Uppsala University, S
— Medium beta cavity production, by INFN, |
— High beta cavity production, by STFC, UK D

(‘ M) science & Technology
> Facilities Council

— Cryomodule assembly and prototyping, CEA, F
— Testing of elliptical module at TS2@ESS
Construction project:

— External WP4 (IPNO) WP5 (CEA) for preparation and delivery of components

— Internal WP19 for testing, installation, commissioning and initial operation

ESS Organization: Accelerator Division/Linac Group/SRF Section

N o = -



From Construction to installation and operation e

SOURCE

(from IK to ESS)

* In Construction Phase (Past)

— Most of the SRF activities during the Construction Phase so far has been performed by the
In-Kind partners at the home institutions (CEA, IPNO, INFN and STFC)

— Design, construction and prototyping of cavities and modules
— ESS in charge of the CM “interface” agreements towards neighboring WPs
* Testing & Installation is getting very close (Now)
— Delivery of prototypes at test stand happened and first series components in Fall 2019
— Start of the Test Stand 2 operation for the Elliptical CM testing (summer)
— Start of the FREIA Test Stand operation at UU for Spoke CM testing (UU running!)
* Getting ready for testing and commissioning (Now & Future)
— Transfer know-how from IK, capture design intent, get ownership of SRF components
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— Ramp up of local “hands-on” SRF activities at ESS

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden 5



ESS Site Layout SPALLATION
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. Accelerator

GO1 Accelerator Tunnel

G02 Klystron Gallery

G04 Cryo Compressor Building

. Target

D02 Target Building

Experimental Halls
DO1 Experimental Hall 1
D03 Experimental Hall 2
D04 Labs, Hall 2
D05 Substation
D06 Substation
D07 Labs, Hall 2
D08 Labs, Hall 2

EO1 Experimental Hall 3
EO2 Beam Line Gallery
EO3 Labs, Hall 3

E04 Labs, Hall 3

E05 Substation

Utilities
HO1 Central Utility Building
HO5 Substation
HO6 Substation
HO09 Waste Building
H10 Sprinkler Building

. Service

FO3 Logistic Center
F04 Entrance Building

. Campus

BO1 Office Building
B02 Lab/Workshop Building

Paolo Pierini, 1/7/2019 MOFAAA4, SRF19, Dresden
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~ Cold Boxes \ —
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Klystron Gallery and Technical Areas

Temporary Offices/Labs
(all staff on site)

s
Paolo Pierini, 18
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Major Accelerator milestones @ CEy

* Source & LEBT installed and commissioned, MEBT under installation
* RFQ and DTL sections delivered in 2019
e Staged NC Linac beam commissioning in 2020

— First to DTL1, then to DTL4
— Shielding wall in tunnel will allow concurrent installation of SPK and MB CM

* Beam on Dump (BOD) commissioning with Linac up to MB Linac

— Floats in schedule managed centrally

* First Science end 2023

p Beam on Dump (BOD), Sep

P> Accelerator Ready for Beam on Target (RBOT) Dec

p> ISrc to DTL1

> ISrc to LEBT End of Construction «

) ISrc to DTL4 p> Beam on Target (BOT) Jun

P> Start Of User Program (SOUP)

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden 8
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Installation and Commissioning schedule %(esg) el

SOURCE

\%
G

e BOD with Linac up to MBL
 HB CM installation until Target is ready for Beam, Not all HB modules RF powered for BOT

ISrc to Beam Dump (BOD)

Today ISrc to DTL1 ISrc to DTL4 RBOT Dec BOT Jun

ISrc to DTL1 Beam Commissioning s
ISrc to DTL4 Beam Commissioning G
ISrc to DMPL Beam Commissioning Gl
G—— NCL Installation (RFQ/MEBT/DTL1)
@ NCL Installation (DTLs)

1 G SPK CDS Installation
G SPK CM Installation
G SPK LWU Installation
D SPK RF System Installation
G Elliptical CDS Installation
G [VIBL CM Installation SRF
G VIBL LWU Installation
S \\BL RF System Installation
G HBL CM Installation
I G HBL RF System Installation
———————— HEBT /A2T LWU Installation

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden 9
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Preparation for elliptical module installation and test @ i
. =

Transport tests and prototype receival

ESS in charge of development and procurement of
— Transport container (with vibration dampers) at ESS
— Installation tools and tunnel supports

* Transportation tests performed in 2018 with a bare
vessel, to validate design and procedures

oy~ - P Tl
L WOWCYNOWINY .
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Preparation for elliptical module installation and test
Transport tests and prototype receival

0

| "

G DA i - S
e m

ESS in charge of development and procurement of
— Transport container (with vibration dampers) at ESS

— Installation tools and tunnel supports

Transportation tests performed in 2018 with a bare
vessel, to validate design and procedures

Prototype cryomodule transported to ESS

in February 2019

— Beam vacuum preserved

— Few loose screws on isovac flanges and tuner
components

— Not cold tested yet!
* Test Stand waiting RP licence and Safety Readiness Review
P

Paolo Pierini, 1/7/2019 MOFAAA4, SRF19, Dr
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Preparation for tests ess ) S

SOURCE

Know what to expect... Estabilished ESS Cavity Database (THP099)

ID Installation
Structure

ESS Scope
MEASUREMENTS @ IKC P e e T T ~.
* After fabrication I Measurement&Calibration DB
* |ntermediate handover : (ownCloud service) ESS Asset
v OUthing | https://meas01.esss.lu.se/owncloud/index.php/login Management
1
1

| G @)= Inspection sheet  z_Fxx @ ranon

Live Staging Area

(typ. text files)
l Script

Normalized Data

Tagging (in metadata)

https://gitlab.esss.lu.se/SRF_Section

N = e e ==

APPLICATIONS

MEASUREMENTS @ ESS * Browse

(HDF files, metadata) . Compare

* Assess

* Incoming
* Preparation TS2/Linac

Script

o e o o e e e e e e e e e e e e e e

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden 11



Frequency[MHz] m mode

Preparation activities: We need to know our cavities!

ESS Cavity DB

EUROPEAN
SPALLATION
SOURCE

-~ PP,CM2018
i < (# | euRopean SRF Section A
Select Cavity: MBOOT 1855 o | crow Settings...
> Acceleration Division
Cavity History
MBOO1: 25 Files  MB001_2018_07_13_10_00_00_00.hdf5 Modeo Company
MBOO1_2018_07_13_11_00_00_00.hdf5 Mode1
HOM Spectrum MB001_2018_08_21_10_00_00_00.hdf5 Mode2 ZANON
MBOO1_2018_08_26.10_00_00_00.hdf5 Mode3 ;
FFMeasurement 101 2018_08_29.10_00_00_00.hdf5 Moded nkind
Transmiselon MBO01_2018_09_03_10_00_00_00.hdf5 Modes INFN
MBO01_2018_09_21.10_00_00_00.hdf5
Trends MBOO1_2018_09_25.10_00_00_00.hd5 Date Time
- MB001_2019_02_05_10_17_00_00.hdf5 —
Al bandwidths | yeo0t e s 9113 13 45 00.dts Mode plot 20-03-2019 16:58:11
’ MBOO1_2019_02_21.16_69_59_00.hdlf5
K hist Operat
Ly MBOO1_2019_02_26_15_13_23_00.hdlfS perator
M.S.E. as ref MBOO1_2019_03_11_15_54_18_00.hdf5 SRF Team
" MBO01.2019_03.19_15_08_27_00.hdf5
MB001_2019_03_20_16_68_11_00.hdf5 Location

Frequency history

CAV1 module on supports IVAC 1.3E-2 mbar

TS2 module on supports

”
MBO0O1 =l
702 4 1: 692.168 MHz F IMHz]
,;‘ 2:694.418 MHz 1-692.168
T 700 A 3:697.416 MHz e
= 4:700.327 MHz 4700327
B 5-702.477
3 698 - 5:702.477 MHz el
S 6:703.259 MHz
=
o 696 1
(9]
fra
k=1.7%
694 :
692 -
0 1 2 3 4 5 6 7
20-03-2019 16:58:11 Mode # MBO01_2019_03 20_16_58_11_00.hdf5

Cavity MB0O1 has full spectrum. No HOM spectra. No FF info.

Quit

avities

* Measurement at IK are transferred into DB, to allow
reception and evaluation
— Part of handover process IK-CEA-ESS
e Data at ESS then adds to DB
* Historical trends and visualization, for assessments
MBO0O1 cavity m mode evoluﬂ?n -60 HE007 Mode Transmiaon
704.25 = _*"s""’ E 80
704.00 = g_m
| 5 5
703.75 1 g 5 ?)- i
' E < U o 69‘2.5 69‘5,0 69’7.5 706.0 70‘2,5
c p 6 ® &-’ o fwa
703.50 4 o = @ c wm
s 9 a0 [54] ectrum
83 € E . Dg "'" T HO% O Spect
703.25 = O < — el 40
o) c z3aMHz 703 1f1MHz (O
© g b S 8 0 = 3084H298KH298kH 30BKHIBNHR0 2k Hz 60
703.00 4 5 b . g0
702.75 1 Nt :izz
A =-196kHz . . - T T =140
0 5 15 20 25
Paolo Pierini, 1/7/2019 Measurements 1720 1730 1740 1750 1760 1770

17122018 09:47:34 f[MHz] Mo01 2018 12 17 47 34 00 0O nats.

Explorer: data in /L ieriniy Divisi @

12
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Preparation activities: Cavity performance data

First four cavities of M1 string, real time transfer

[ XOX ) VTMultiExplorer@ESS
5 H x=15.1524  y=49.6361
A € P Q=
* In the handover we also receive from the IK N -
. . R Radiation plot £ | EuROPEAN SRF Section
Select Section: Medium Beta f iess SPALTON Tt
Scale to mSv/h

the summary data of the vertical tests
— Performance data (Eacc, radiation levels)

Acceleration Division
Cavity Performance
M001:17-12-2018 15:37

M002:17-01-2019 09:41
M003:14-02-2019 09:04

— Calibration data for TS2
M005:13-02-2019 16:35
== PR.CM2019
Select Cavity:  M0O1 Scale to mSv/h fess) i o L 10!
~ Acceleration Division 7
Cavity Performance =
S 3
J
. ©
Testinst 1010 | 0
MOO1: 10° +
. 100 DESY o
—@— QusE y -@- M001:17-12-2018 15:37 * ,’ b
Ibind o =€)~ M002:17-01-2019 09:41 / v %
—~ INFN <O x M003:14-02-2019 09:04 II L =
€o-0-00-0 L -1 € M005:13-02-2019 16:35 '’ L -1
. .‘—0—0—0*’\' 10 2 baeTine e.g. PU 1__?;' 10 <
° (V2]
. \ .;- 17-12-2018 15:37 ca I i bratIO n / E‘
‘.. L1025  operator II p -
s - X L B ancak data from P A p107? Ic
=+ Xdown £ .
o o DESY VT jos {++  + + :
¥ E1 =3
+ 1 3.66E+11 0
. 66E+
10°4* * . 0 5 10 15 20 25
1 13.677039 Eacc MV/m
0 5 10 15 20 25 TIKI
171220101537 Eacc MV/m V101 2018 12 17,15 3N\g 0onats 1.99 Plot Quit

Paolo Pierini, 1/7/2019
Cavity M0O1 has reached 23.7 MV/m.

MOFAA4, S
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Sensitivity analysis %‘

From demonstrator retrieved data of expected behavior of series in TS2

Parameter, all data kHz CAV1 | CAvV2 | CAV3 | CAV4 <AVE>
: MO001 MP04 MPO1 MPO02 SPREAD

From string in vacuum, RT, VV&tank PA, to 4.2 K 1186 1181 1169 1150 1172+18

From string in vacuum, RF, VV&tank PA, to 2K 1103 1107 1091 1080 1095114

4.2K to 2K, cold,

- - - - 76+
(Pressure sensitivity 1 bar to 30 mbar ) 83 74 /8 70 7617

String from air to vacuum

+
(tuner, tank & VV air, RT) 174 177 190 195 184+11

Vessel from air to vacuum

+
(tuner, string vacuum, tank air, RT) HL 105 107 5 J9E18

* Data to be used during TS2/Tunnel preparation phases and incoming checks
— Account for change in environmental conditions

Paolo Pierini, 1/7/2019 MOFAAA4, SRF19, Dresden 14



Preparation activities: SRF

Estabilished local laboratories and work areas

e All the prior development phase at IK, “hands-on” capabilities at ESS
— Setup of SRF Laboratory for the preparation of all incoming reception measurements

— Permanent laboratories in BO2 building when available
f |

5=0.5 I }

|1} 5-cell

5. —f
r




Preparation activities: Mechanical %‘

Development of installation tools

ESS responsibility for transport tools (IK, internal) and supports
— In close contact with ESS Engineering Division (Rigging, Design, Manuf.)
Customization of CEA assembly tools to adapt to the TS2/Tunnel
— e.g. Doorknob Installation Tool

Design at ESS, discussed with IK

— Part of know-how transfer process,
support from EIS




SOURCE

Preparation activities: Incoming inspections at TS2 §‘ ShALATON

Setup of Module reception area with M-ECCTD

* Preparation of areas for
— Storage of components/instrumentations/tools

— Workstations for mechanical, electrical and RF incoming inspections

— Workstations for activities needed for the TS2 test/tunnel
* E.g. dismount/remount of transport fixations on thermal shields and string

— Local instrumentation racks
— Training teams!

° Main = — ‘_I d L ,.3"‘ 9L r e Lo g ,'/ V e
mechanical reception ‘ ‘ 4 - = :

[
operations on M-ECCTD --B-Ié-FixatiOl’];%

,,,,,,

iso-vacuum TR v~ | ¢ ———
procedures G = S, -————y TN =
RF incoming Peorknobs (to be assembled) y
measurements i . W 3

. o N s Y o
EIe_ctrlcaI.measuremer)ts = % N P
on inner instrumentation -
(sensor, heaters, ...) TS2 Bunker.Supports | Incoming reception area

Paolo Pierini, 1/7/2019
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Testing at TS2 @

Steady state test cycle: one CM/month

e Before Cooldown » Stable conditions @2K starting HP RF
— Warm Cable & Component Calibration — Cold coupler Conditioning (off-resonance)
— Warm Input RF Couplers Conditioning — Open loop operation at low forward power
* After cooldown no HP RF — Fine tuning with Pt
— Cold cable Calibration — Calibration
— 4K/2K passband measurements, before tuning — E,.. ramp up (cavities on resonance)
— Cavities slow Tuners Test and Cavities Tuning — Field emission measurements (dose & energy
— 2K passband measurements, after tuning spectrum)
; Test goals N\

—Performance assessment (specs fulfilled?)

—Limiting mechanisms (quench, FE, Power limitations)

—Comparison/correlation wrt VT results (and cryomodule results, where possible)
\_ —Store data for future Linac operations (degradation, perf. recovery) Y,

European Spallation Source ERIC 19




) CC a - DMDONE A11AaTIC R | oo

2020

{Z% |CDS COOLDOWN & COMMISSIONING (INCLUDING THE WARM UP AT THE END )|

CRYOMODULE INSTALLATION
CDS CONNECTIONS

COOLING & CABLES CONNECTIONS
RFDS WALL TO CAVITY
HARDWARE WARM TESTS

2/1072
21772
22472 |
372721 RFQ COND.
3092

| buen 5 @13 Spokes 9 MB ELL

w

)

Z .
i3]

4/1312 |
4/20/2(
472772
5/472
5/1172(
N BEAM )
COMMISSIONING

0] ISre to DTL1 L ]

6/8/2
6/1512 s ES

L1
] ]

R

612972

706721
N30
71202
72772

wa

L]
]

8/102

81772

CM installation sequence

DTL4 BEAM | ] L]
STOP

]

]
L1 L]
L1 1
|
N
|

I
N
T

202,

[1]

Linac Warm Units installation sequence

w ]
L] [ |
B
L1 L1 L]
(1 1 [

.

DTL4 BEAM
TOP REMOVAL

§
]

41221 TEMP. SHIELDING
REMOVA

DTLS
o ONDLHON. SC LINAC - WARM RF CONDITIONING

CDS & CR DULES COOLDOWN

s
SIS
TTE
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RF infrastructure in Gallery, stubs and tunnel @Eﬁ:&:ﬁm

Gallery: RF equipment and electronics. Stubs: route WG/Cables to tunnel

Huge preparation work across all SRF linac in all areas.

_ Spoke Section Medium Beta Section High Beta Section

RF Cell support structures All installed

Circulator, loads and waveguides Almost all finished Installation ongoing Next
Waveguide in stubs More than 50% Completed Well underway
Cables in stubs Started cabling for Phase Reference Line

RF Power systems Installation in 2020 1/2 production at ESS Ordered

Installation in 2020 Installation >2021

Paolo Pierini, 1/7/2019 MOFAAA4, SRF19, Dresden 21
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Delivery of MB Klystrons %*

Half of production stored in gallery

. i
4 i
A. Sunesson/M.Jensen, ESS




Stubs, gallery side
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Stubs, tunnel side ¢<\

Installation of tunnel components of RFDS before VB components

moc{ﬂU‘Ies '

- —— A \ 1
G 7 N
% | | 3
i

r

A. Sunesson/l\y/I.Jeins;en, ESS

Paolo Pierini, 1/7/2019 MOFAAA4, SRF19, Dresden 25









Cryogenics for the Linac @

Three cryoplants procured and being commissioned by ESS Cryo Team

* ACCP (ACcelerator CryoPlant)
— Main plant for the entire accelerator (96% of energy gain by SRF)
— 3kW @ 2K, 11.4 kW @ 40-50K, 9 g/s liquefaction @ 4.5K
— Designed to cope with upgrade scenario in the contingency space
— Producing LHe: ready for CDS commissioning in Q1 2020.

— Commissioning (including 2 K operation with cold compressors)
completed by 2019

Linac
Cryoplant
Cryogenic Transfer
Cryogenic Line (75 m)
Distribution Line Cryogenic Distribution Line
Endbox (120 m) Splitting box (310 m) Endbox

14 High Beta 21 High Beta 9 Medium Beta 13 Spoke
Cryomodules Cryomodules Cryomodules Cryomodules
(Contingency, 116 m) (174 m) (75 m) (54 m)

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden 27



Cryogenics for the Linac
Installation of linac Cryogenic Distribution line

* CDS (Cryogenic Distribution System)
— Delivers cryogenics to the Accelerator
from ACCP, provided as IK
contribution by
* WUST/PL (CDS-ELL)
* IPNO/FR (CDS-SPK)
— 9 CDS-EL Valve boxes installed
and connected with Cryolines in tunnel,
and other 3 positioned

— Next: CDS-SPK (VB delays)

e @Goalis CDS cooldown by
beginning of 2020

Paolo Pierini, 1/7/2019 MOFAAA4, SRF19, Dresden J. Fydrych, ESS
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Cryogenics for the Test Stand and Moderator @ S

Installation of linac Cryogenic Distribution line N

* TICP (Test and Instruments CryoPlant)
— Cooling for CM Test Stand 2: 76 W @ 2K, 420W @ 40K, 6 |I/h Liquefaction (137 |/h with purifier on)
— Liquefaction for Neutron Instruments / Sample Environments: 7500 |/month
— Commissioned to specs and currently providing liquid helium to Lund University and MAX IV
— Warm Pumps for subatmospheric operation

— Commissioning of transfer line to TS2 currently undergoing,
then cryogenic operation of the TS2 with modules could
start in summer

* TMCP (Target Moderator CryoPlant)
— Non-accelerator related
— He plant for the LH, cooling of the Target Moderator: 30 kW @ 15-20K
— Currently under commissioning

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden Courtesy P. Arnold, ESS 29
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Cryogenics for the Test Stand and Moderator S s

Installation of linac Cryogenic Distribution line

* TICP (Test and Instruments CryoPlant)
— Cooling for CM Test Stand 2: 76 W @ 2K, 420W @ 40K, 6 |I/h Liquefaction (137 |/h with purifier on)
— Liquefaction for Neutron Instruments / Sample Environments: 7500 |/month
— Commissioned to specs and currently providing liquid helium to Lund University and MAX IV
— Warm Pumps for subatmospheric operation

— Commissioning of transfer line to TS2 currently undergoing,
then cryogenic operation of the TS2 with modules could
start in summer

* TMCP (Target Moderator CryoPlant)
— Non-accelerator related
— He plant for the LH, cooling of the Target Moderator: 30 kW @ 15-20K
— Currently under commissioning

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden Courtesy P. Arnold, ESS 29
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Intense workload across all SRF machine section

* Installation/Testing goals for 2019

Completion of cryogenics: CDS-EL and CDS-SPK

He recovery line in tunnel (venting events)

HEBT LWUs and beam lines

Completion of Stubs and waveguides along tunnel walls

Installation of Cryomodule support stands

Preparation of the infrastructure: cabling, piping and support systems
Start TS2 operation with prototypes

Start testing of series spokes (UU) and elliptical modules (TS2)

* Module installation in tunnel will follow in early 2020, after the testing of the initial
series components now under assembly (see G. Devanz on Wednesday)

Paolo Pierini, 1/7/2019 MOFAA4, SRF19, Dresden 30



A special thank
for the material
here to all our
colleagues in the
Machine
Directorate at
ESS and to the
IFJ-PAN team
stationed in Lund











<<
  /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


