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To study and develop the theoretical tools, the software
simulation tools, and to carry out R&D on the hardware

that is unigue to the design of Neutrino Factories and
Muon Colliders

e Extensive experimental program to verify the theoretical and
simulation predictions
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International
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Motivation for Muon Acceleration R&D

Why are we so excited about this work?
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Neutrino Factory = Muon Collider

FFAG/synchrotron option

ac option

Proton Driver | / 1

Neutrino Beam

N
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1.1 km

Bunch Rotation

Cooling
0.9-3.6 GeV

Muon Storage Ring

o> o

3.6-12.6 GeV RLA

12.6-25 GeV FFAG

43

Neutrino Beam

Muon Storage Ring

1.5 km

e Neutrino Factory

IDS Baseline (FS1, FS2(a)
ISS)

25 GeV p storage ring Acceleration

SMALL FOOTPRINT

Hybrid 0.95-2.0 TeV

Down sloping
Transfer lines

Deep Collider Ring

Pulsed 30-400 GeV
Hybrid 0.4-.95 TeV

Transfer lines

= MC: One Concept

> 4 TeV Center-of-Mass
» Rapid-Cycling Synchrotron

MUTAC Review April 2009
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e The NF still gives the best Physics Reach in 3v mixing model

NF Motivation - Physics Reach (ISS)

arXiv:0710.4947v2 [hep-ph]

And NF presents best opportunity to exploit New Physics

3o contours shown

Sin220,; Hierarchy 5 CP
1 1 1
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o o o
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107° 107 1073 1072 107" 107° 107 1073 1072 107" 107° 107 1073 1072 107"
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TaHK: 4 MW, 1MT HZ0C, 295 km BL BB350:  y=350, IMT H,OC, 730 km BL
WBB: 2MW, 1MT H,OC, 1300 km BL ‘ 2r
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Reach Multi-TeV Lepton-Lepton Collisions
at High Luminosity

Muon Colliders may have
special role for precision measurements.
Small AE beam spread -
Precise energy scans

Small Footprint -
Could Fit on Existing Laboratory Site

# Fermilab Alan Bross MUTAC Review April 2009
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Evolution of Muon Facility @ Fermilab

MUON COLLIDER

PROTON SOURCE = SITE SPECIFIC

TEST FACILITY

| 0

8 GeV SC Linac Recycler Main Injector

2 Muon
Collider
Rebunch

R&D Hall
(-)l—],@‘ay Cool

NEUTRINO
FACTORY
PROJECT

Pre-Accel RLA

Target Phase Rot. \

PROJECT X

EXISTING FACILITIES

1.5 TeV
MUON COLLIDER

Not to scale in size or cost/
4 TeV

MUON COLLIDER

& Bunch
3

B
6D Cooling 0 ©

Y

Final Cooling

=]
=]
o
%
Collider Ring %)

0.2-0.8 (1-4 GeV)

GeV

0

4 GeVY
Ring

4 More Acc

Larger ring 9
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Needs Common to NF and MC Facility

Proton Driver

Project X

PD for MC likely can work for NF
but not necessarily vice versa

Target, Capture, and Decay
create ©'s; decay into p's
Phase Rotation
reduce AE of bunch
Cooling

reduce emittance of the muons
Cost-effective for NF
Essential for MC

Acceleration
Accelerate the Muons

Storage Ring
store for ~1000 turns

80%
Overlap
in initial

R&D

Alan Bross MUTAC Review April 2009
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Neutrino Factory

Cooling

Reduce transverse
emittance

. g1 ~7 mm
Acceleration

Accelerate to 25 GeV

. May be as low as 5-
7 GeV

Decay Ring

No intersecting
beams

2= Fermilab

But there are Key Differences

Muon Collider

Cooling
Reduce 6D emittance
. €1 ~ 3-25 um
. SL ~ 70 mm
Acceleration

Accelerate to 1-2
TeV

Collider Ring

Intersecting beams

Alan Bross

MUTAC Review

April 2009
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Key R&D Issues

# Fermllab Alan Bross MUTAC Review April 2009

High Power Targetry - NF & MC (MERIT Experiment)
Initial Cooling - NF & MC (MICE (4D Cooling))
RF R&D - NF & MC (MuCool, MCTF, Muons Inc.)

Investigate operation of vacuum RF cavities in presence of high magnetic fields
Investigate Gas-Filled RF cavities
- Operation in B field and Beam-Induced Effects
While obtaining high accelerating gradients (~16MV/m)
Intense 6D Cooling - MC (MCTF, Muons Inc.)
RFOFO "“Guggenheim”
Helical Channel Cooling (Manx Proposal)
Parametric Resonance Ionization Cooling

High Field Magnets
HTS magnet R&D (in collaboration with National HTS Collaboration)
Bunch Recombination

Acceleration- A cost driver for both NF & MC, but in very different
ways
FFAGs  (Electron Model with Many Applications - Applicable for Muon Acceleration )
Multi-turn RLAs
Storage Ring(s) - NF & MC

Theoretical Studies NF & MC (Joint NFMCC & MCTF)

Analytic Calculations
Lattice Designs Note: Almost all R&D Issues

Numeric Simulations for a NF are currently under
theoretical and experimental study

17
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Targetry R&D: Mercury Intense Target Experiment
(MERIT)

Co-Spokespersons: Kirk McDonald, Harold Kirk
Tonization Cooling R&D: MuCool and MICE

MuCool Spokesperson: Alan Bross

US MICE Leader: Dan Kaplan
Simulations & Theory

Coordinator: Rick Fernow

Collaborating on EMMA

Collaborating on the International Design Study for a Neutrino Factory
(IDS-NF)

Fermilab Muon Collider Task Force
V. Shiltsev, S. Geer

# Fermllab Alan Bross MUTAC Review April 2009
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MERIT

Mercury Intense Target
Liquid-Hg Jet

2= Fermilab



(N0 Fg
e@\)"\. C'{bﬁ

7@[ The Experiment Reached 30TP @ 24 GeV
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Beam pulse energy = 115kJ

B-field = 15T

Jet Velocity = 20 m/s

Measured Disruption Length = 28 cm

Required "Refill" time is then 28cm/20m/s = 14ms
> Rep rate of 70Hz

=> Proton beam power at that rate is 115kJ *70 = 8MW

# Fermilab Alan Bross MUTAC Review April 2009 20
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Muon Ionization Cooling R&D

MuCool and MICE

2= Fermilab
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Muon Tonization Cooling
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Dipole (bend)
| u_beam U
T T T = -_'——-+
-~ —
——-
- - Do #5011/ e s
. dieparsion.in) reduces energy spread
>~
' —
i, — Incident Muon Beam Incident Muon Beam
mall emittance -m’,ilﬂi";‘i..
Large
emittance =
Absorber Accelerator

Momentum loss is Momentum gain

opposite to motion, is purely longitudinal o nl i IR o
D, Py, by, AE decrease F Muons,

Inc.
Innovation in Research
Transverse Longitudinal -

Emittance Exchange

# Fermilab Alan Bross MUTAC Review April 2009 22
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e MuCool

MuCool
Component R&D

Component testing: RF, Absorbers, Solenoids
With High-Intensity Proton Beam
Uses Facility @Fermilab (MuCool Test Area -MTA)

Supports Muon Ionization Cooling Experiment (MICE)

MuCool Test Area

2= Fermilab

42 cm J Be RF window

MuCool
201 MHz RF Testing

MuCool
LH, Absorber
Body

Alan Bross

MUTAC Review

April 2009
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MuCool has the primary responsibility to carry out the RF Test
Program

e Study the limits on Accelerating Gradient in NCRF cavities in
high magnetic field

e It has been proposed that the behavior of RF systems in general
can be described (predicted) by universal curves

Tensile Stresses are important in RF Breakdown events

Study of RF cavity performance with different materials
- Coatings, base materials (Cu, Al, Be), Temperature effects

e This applies to all accelerating structures

e Fundamental Importance to both NF and MC - RF needed in
Muon capture, bunching, bhase rotation
Muon Cooling Arquably the single most critical
Acceleration Technical challenge for the NF & MC

# Fermilab Alan Bross MUTAC Review April 2009 24
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MICE Provisional MICE Schedule
Measurement of Muon Cooling J!1|<I STEP I fix DS + new target
Emittance Measurement @ 10-3 Run: Sep0?
First Beam February 2008 ———IC_] || STEPII e Q4 2009

Deliv S5-2 Sep09
S II STEP LIVIIL1  PgivS5:2 Sep
]
11— I' [T Deliv FC-1 Feb10
BT steey R

STEPV
II Run: 2011

=
o L |IISTEP VI
T

Run 2011-2012

# Fermilab Alan Bross MUTAC Review April 2009 25
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International Design Study for a Neutrino
Factory

The IDS- NF

2= Fermilab
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e Takes as starting point - International Scoping Study v-Factory
parameters

~4MW proton source producing muons, accelerate to 25 GeV, Two
baselines: 4000km & 7500km

e IDS Goals

Specify/compute physics performance of neutrino factory
Define accelerator and detector systems

Estimate cost and schedule

Identify necessary R&D items

e IDS Deliverables

Interim design report (c. 2010)
Engineering designs for accelerator and detector systems
Cost and schedule estimates
Work plan to deliver reference design report
- Report production itself
- Outstanding R&D required
Reference design report (c. 2012)

Basis for asking for the transition into a Project

# Fermilab Alan Bross MUTAC Review April 2009 27
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e Fermilab to DUSEL (South Dakota)

baseline -1290km Proton
. . Source
e 4 GeV muons yield appropriate L/E,
e Use a magnetized totally active Accumulate
. .- & Rebunch
scintillator detector
Geer, Mena, Pascoli
Phys. ReV D 75, 093001 (2007) [ ] Hg-Jet Target
Bross, Ellis, Geer, Mena, Pascoli Decay
Phys. ReV D 77, 093012 (2008) Channel
Buncher
e Linear
Gooler Shordas
Pre Accel g
-grator

Acceleration
0.9-4GeV

J

Ankenbrandt, Bogacz, Bross, Geer, Johnstone, Neuffer, Popovic
Fermilab-Pub-09-001-APC; Submitted to PRSTAB

|llinois

# Fermllab Alan Bross MUTAC Review April 2009 28
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Design Studies

Muon Collider

2= Fermilab
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e Muon Collider Design and Simulation work
has reached a new level of intensity

Design Studies

Work in all areas

Cooling
Acceleration
Ring and IR

Start on Detector design considerations

# Fermilab Alan Bross

MUTAC Review

April 2009
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# Fermilab Alan Bross MUTAC Review April 2009

Muon Collider Design Progress

B
Muon Collider designs = S ———
start with a NF fl"on'r' = Phase rotate
end, but require a much £ 100 | to 12 bunches
more ambitious cooling 3 Merge to
channel (6D cooling ~ £ single burch
O(é(();% g)f . 4D cooling = / 4D cooling
~ M 10 -
In the last 5 years g L 6D coolin
CO"CCPTS for a COﬂ'\p'eTe 2 2:2:1E;a?:v ¥  before mgrge-
end-to-end self con- %D | L BOT solenoids ~————aftermerge |
sistent cooling scheme e T T T,
have been deve|oped Transverse Emittance(mm rad)

Requires beyond state-of-art components: need to be developed

Hardware development and further simulations need to proceed

together to inform choices between alternative technologies
Also progress on acceleration scheme & Collider ring design,
but the cooling channel presently provides the main Muon
Collider challenge

FRONT
~END

31
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Multilayer scheme o 6D emittance
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T'\}( y  Parameters of Different MC options
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Low Emit.* High Emit.*MCTFO7 MCTFO8
Vs (TeV) 15
Av. Luminosity (103%/cm?/s)* 2.7 1 1.33-2
Av. Bending field (T) 10 6 6
Mean radius (m) 3614 500 500 = 495
No. of IPs 4 2 2
Proton Driver Rep Rate (Hz) 65 13 40-60
Beam-beam parameter/IP 0.052 0.087 0.1
B* (cm) 0.5 1 1
Bunch length (cm) 0.5 1 1
No. bunches / beam 10 1 1
No. muons/bunch (101) 1 20 11.3
Norm. Trans. Emit. (um) 2.1 25 12.3
Energy spread (%) 1 0.1 0.2
Norm. long. Emit. (m) 0.35 0.07 0.14
Total RF voltage (GV) at 800MHz 407x103a, 0.21** 0.84** — 0.3
Muon survival Npu/NpO 0.31 0.07 0.2
u+ in collision / proton 0.047 0.01 0.03
8 GeV proton beam power 3.62*** 32 19-28 ?

*Muons Inc.

**Palmer et. al.

Alan Bross

MUTAC Review

April 2009
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e Neutrino Factory

Compelling case for a precision neutrino program

With present assumptions Neutrino Factory out-
performs other options. However, more is needed
before concluding this is the right path

- What the on-going Neutrino Physics program tells us
- Process must include cost and schedule considerations
- International Design Study

e Muon Collider

New concepts improve the prospects for a multi-
TeV Muon Collider

Advanced concepts for 6D muon ionization cooling

Front-end is the same (similar) as for a Neutrino
Factory

# Fermilab Alan Bross MUTAC Review April 2009 35
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e Technical Progress
The MERIT experiment has come to a successful completion
Analyzing Data

MuCool is preparing for an exciting new phase

MICE is moving ahead
With some bumps along the road
We have strong participation in the IDS for a Neutrino Factory

e Major Progress on the MC

December 2008 Submission of a joint NFMCC - MCTF 5 Year
Proposal to DOE

Produce Muon Collider Feasibility Design Study
- First Defendable costing

e Resource Limitations

The collaboration is still funding limited and progress in a
number of areas is considerably slower than is technically
possible

Our 5 Year Plan Proposal Addresses this
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e We believe ~2013 will be a pivotal time in HEP

LHC Physics Results

Neutrino Data from Reactor and Accelerator Experiments

Double Chooz Daya Bay
MINOS, T2K ,Nova

Major Studies for Frontier Lepton-Colliders Completed
ILC EDR
CLIC CDR
e There are likely to be many exciting results that
will point us in Some Direction

We Don't Know Which One Yet - But a robust program in
Muon Acceleration R&D will permit the NF and the MC to
be a credible part of the discussion

5 Year Plan Proposal is time critical

# Fermilab Alan Bross MUTAC Review April 2009 37




	Neutrino Factory and Muon Collider Collaboration�
	NFMCC Mission
	Current Organization
	Collaborating Institutions
	Executive Board
	Technical Board
	Theory & Simulation Board
	Motivation for Muon Acceleration R&D
	Evolution of a Physics Program
	Footprint and the Energy Frontier
	Neutrino Factory Þ Muon Collider
	NF Motivation - Physics Reach (ISS)� arXiv:0710.4947v2 [hep-ph]
	Muon Collider - Motivation
	 Evolution of Muon Facility @ Fermilab
	Needs Common to NF and MC Facility 
	But there are Key Differences
	Key R&D Issues
	Scientific Program
	MERIT
	The Experiment Reached 30TP @ 24 GeV
	Muon Ionization Cooling R&D
	Muon Ionization Cooling
	MuCool �Component R&D
	RF Test Program
	Muon Ionization Cooling Experiment (MICE)
	International Design Study for a Neutrino Factory
	IDS-NF
	IDS-NF Option: 4 GeV n-Factory
	Design Studies
	Design Studies
	Muon Collider Design Progress
	A Muon Collider Cooling Scenario
	Slide Number 33
	Slide Number 34
	Muon Accelerator R&D�Conclusions
	The Way Forward
	Road Map to the Future 


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /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 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /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 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



