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Accelerator Mission 
What is or should be the mission statement of your division? 

ÅThe Accelerator Mission is to advance the capability of 

Jefferson Lab to carry out world-class nuclear science 

and, more broadly, to develop Jefferson Labôs expertise 

in technologies associated with high-power 

superconducting linacs 
 

ÅThe goals to achieve the mission deliver results in four 

strategic areas: 

1 Operate and upgrade the JLab accelerator facilities 

2 Prepare the future evolution of nuclear physics experimentation 

at Jefferson Lab  

3 Expand Jefferson Labôs core accelerator competencies to 

support DOE Office of Science projects and other partnerships 

4 Attract and educate the next generation of accelerator scientists 

and engineers 
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Scope of Current Activities 1 
What is it that your division does, what is your current scope of work?  

ÅOperate and upgrade the JLab accelerator facilities 

ÅMaintain energy capability 

ÅC-50 program 

ÅImprove beam quality for Users 

ÅParity quality 

ÅMaximum current 

ÅSupport the 12 GeV Upgrade Project 

ÅAccelerator physics design 

ÅConstruct ten C-100 cryomodules 

ÅExtraction system design 

ÅPrepare to meet the 12 GeV project commissioning milestones  

ÅPrepare to commission 12 GeV nuclear physics program  
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Scope of Current Activities 2 
What is it that your division does, what is your current scope of work?  

ÅPrepare the future evolution of nuclear physics 

experimentation at Jefferson Lab  

ÅDesign a Medium-energy Electron Ion Collider (MEIC) which 

could be built at Jefferson Lab 

ÅCollaborate with BNL and MIT on generic electron-ion collider 

R&D 

ÅDevelop the capability to produce positron beams (PEPPo) 
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Scope of Current Activities 3 
What is it that your division does, what is your current scope of work?  

ÅExpand Jefferson Labôs core accelerator competencies to 

support DOE Office of Science projects and other partnerships 

1. Reduce the electric power requirements for superconducting 

linacs 

2a. Increase the maximum gradient, with equal or lower cryogenic 

requirements 

2b. Develop reliable long-lifetime photo-guns that provide high-

current polarized and unpolarized electron beams 

2c. Develop advanced recirculated and energy recovery linac 

designs and technologies 

3. Collaborate on projects using SRF technology to grow our 

capabilities 

4. Develop new cavity types for different uses 

5. Exploit TEDF to maximize beneficial impact for SRF, Industry 

and the DOE complex 
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Scope of Current Activities 4 
What is it that your division does, what is your current scope of work?  

  

ÅAttract and educate the next generation of accelerator 

scientists and engineers  

ÅProvide opportunities for high school and undergraduate 

science students to be exposed to accelerator science 

ÅMaintain the number of doctoral students in accelerator science 

ÅStrengthen collaboration with the Center for Accelerator Science 

at ODU and the Idaho Accelerator Center at ISU 

ÅProvide instructors at the United States Particle Accelerator 

School 

ÅAttract female and minority students to accelerator science 

ÅSuccessful for females 

ÅActively seeking collaborations with minority-serving institutions 
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Unique Capabilities 
What facilities/capabilities/expertise does your group offer that is unique, world class? 

ÅOnly high-power CW electron accelerators in the world  

ÅCEBAF 

ÅFEL 

Å Injector test stand  

ÅWill be expanded during the Test Lab refurbishment 

ÅHigh-polarization, high-current beams 

ÅNew SRF facility (TEDF), which incorporates and 

improves the capabilities of the existing Test Lab 

ÅHighly experienced SRF workforce  

ÅScientists, engineers and technicians 

ÅTrack record in delivering large SRF projects 

ÅSNS superconducting proton cavities 

ÅC-100 cryomodules for the 12 GeV Project 

ÅWorld-leading cryogenics group 
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Synergy 
Discuss how you think your division contributes to the missions of other parts of the lab. Can you do more?   

ÅDevelop ñon-demandò capabilities to meet CEBAF user needs 

ÅBeamline design and commissioning for new experiments 

ÅImprovements in parity quality of beams 

Å1 kHz polarization reversal 

ÅOperations and SRF support to FEL 

ÅCould be augmented 

ÅSRF training of young engineers 

ÅHiring production engineers rather than design engineers 

ÅWe should improve mentoring of engineers in SRF technology 

ÅBringing Cryogenics Group into other projects 

ÅCryogenics and SRF could (and should) work closer together  

ÅIntegrated cryogenic/SRF designs for new projects 
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Vision for the Future 
What do you see your division contributing to/doing in the future? What could you be doing? 

1 Operate and upgrade the JLab accelerator facilities 

ÅContinue with 12 GeV and succeeding on-site facilities 

2 Prepare the future evolution of nuclear physics experimentation at 

Jefferson Lab  

ÅContinue MEIC design 

ÅPrepare alternatives  

3 Expand Jefferson Labôs core accelerator competencies to support 

DOE Office of Science projects and other partnerships 

ÅBe the provider of choice for SRF accelerators world-

wide 

ÅAssociate other core competencies with SRF to expand 

our capabilities 

4 Attract and educate the next generation of accelerator scientists and 

engineers 

ÅContinue at about the same level 
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Proposals 
1 Operate and upgrade the JLab accelerator facilities 

Å Positron Brainstorming ï Arne Freyberger 

2 Prepare the future evolution of nuclear physics 

experimentation at Jefferson Lab  

Å JLab Upgrades ï Geoff Krafft 

3 Expand Jefferson Labôs core accelerator competencies to 

support DOE Office of Science projects and other partnerships 

Å AD Town Meeting ï Bob Rimmer 

Å CASA Geoff Krafft 

Å Source Group 5-year plan ï Matt Poelker 

Å Multi-droplet demo ï Alex Bogacz 

Å Neutron Program ï Andrew Hutton 

4 Attract and educate the next generation of accelerator 

scientists and engineers 

Å Strategic Planning Education ï Hari Areti 
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Positron Brainstorming 

 

Arne Freyberger 

Director, Accelerator Operations 



Positron Facility at JLAB 

 ̧Parallel to  existing Injector:   

 ̧Simultaneous Low energy Positron beam for MS and CEBAF electron 

operations for NP 

 ̧Positron beam quality sufficient for insertion into the North Linac for 

acceleration up 12GeV for NP positron program 

 ̧Duplicate Gun -> 100MeV, 1mA (100kW) 

 ̧CW  polarized positron source with currents in the  microAmpere range. 

12 GeV NP Physics: 

É Deep Virtual Compton Scattering  

É Two Photon Exchange 

É Heavy Photon Searches  





Positron Timeline 

É Positron parameters and plan defined by May 

2012 

É Material Science parameters 

É Nuclear Physics parameters 

É Rough plan  from parameters to realization 

É Dec. 2013  Conceptual Design Complete 

É Rough cost estimate $(30 +/- 30)M 

 









Injector Upgrade 

É Strongly desirable to test new components, 

200keV Wiens, ¼ cryomodule, PSS  before 

installing on CEBAF 

É Timeline 

É Before 12GeV commissioning, 0L03/0L04 upgraded to deliver 

130MeV 

É 2015ôish Parity Quality Upgrade components fully quality in external 

facility 

É 2016 Parity Quality Upgrade installed on CEBAF 

É Three Wien concept still too exploratory to commit to a date, but 

initial modeling looks promising. 



Low Energy Electrons for NP 

There have been several new ideas for NP experiments 

that require electrons in the 10-200MeV range: 

É Heavy Photon search  with 10mA internal gas target 

É Bubble chamber experiment at 10MeV 

É Parity measurements with 100-200MeV electron beams 

É Positron Source Development (PEPPo) 



Two Birds and One Stone 

(NP experiments with <200MeV electrons) + (need for a  

10+MeV capable injector test facility) = FEL 

É Incremental cost of operating the FEL would be small, 

power/cryogens are already paid for. 

É It would diminish the need to upgrade the TEST Lab 

injector cave. 

É FEL injector would need to be upgraded to a polarized 

source 

É (May be) Incompatible with Light Source developments: 

Is it time to move on?  
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Strategic Planning Exercise 

G. A. Krafft, D. Douglas, Y. Roblin, 

and Y. Zhang 

 

    

Jefferson Lab User Workshop 

Strategic Planning Exercise 

December 19, 2011 
 

 
Nuclear Physics 

Beyond the 12 GeV Upgrade 
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Strategic Planning Exercise 

OUTLINE 

 

ÅMEIC 

ÅFixed Target Possibilities 

ÅNuclear Physics at the FEL 

ÅConclusion 
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Strategic Planning Exercise 

MEIC Layout 

Prebooster Ion 

source 

Three Figure-8 

rings stacked 

vertically 

Ion transfer 

beam line 

Medium energy IP with 

horizontal crab crossing 
Electron ring 

Injector 

12 GeV CEBAF 

SRF linac 

Warm large booster 

(up to 20 GeV/c) 

Cold 97 GeV/c 

proton collider 

ring 

medium energy 

IP 

low energy IP 

Three compact rings: 

Å3 to 11 GeV electron 

ÅUp to 20 GeV/c proton (warm) 

ÅUp to 100 GeV/c proton (cold) 
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Strategic Planning Exercise 

MEIC Design Goals 

ÅEnergy 
ðFull coverage in s from a few hundreds to a few thousands   

       Bridges the gap between 12 GeV CEBAF and HERA/LHeC 

ðElectron 3 to 11 GeV, proton 20 to 100 GeV, ion 12 to 40 GeV/u 

ðDesign point:   60 GeV proton on 5 GeV electron 
 

ÅIon species 
ðPolarized light ion: p, d, 3He and possibly Li 

ðUn-polarized ions up to A = 200 or so (Au, Pb) 
 

ÅDetectors 
ðUp to three interaction points, two for medium energy (20 to 100 GeV) 

ðOne full-acceptance detector (primary),  7 m between IP & 1st final focusing quad 

ðOne high luminosity detector (secondary), 4.5 m between IP and 1st final focusing 

quad  
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Strategic Planning Exercise 

MEIC Design Goals 

ÅLuminosity 
ðAbout 1034 cm-2 s-1 (e-nucleon) per interaction point 

ðMaximum luminosity should optimally be around s = 2000 GeV2  
 

ÅPolarization 
ðLongitudinal at the IP for both beams, transverse at IP for ions only 

ÅSpin-flip of both beams 

ÅAll polarizations >70% desirable 
 

ÅUpgradeable to higher energies and luminosity 
ð20 GeV electron, 250 GeV proton and 100 GeV/u ion 

 

ÅPositron beam highly desirable 
ðPositron-ion collisions with similar luminosity 
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Strategic Planning Exercise 

Full Acceptance Detector Parameters 

Proton Electron 

Beam energy GeV 60 5 

Collision frequency MHz 750 750 

Particles per bunch 1010 0.416 2.5 

Beam Current A 0.5 3 

Polarization % > 70 ~ 80 

Energy spread 10-4 ~ 3 7.1 

RMS bunch length cm 10 7.5 

Horizontal emittance, normalized µm rad 0.35 54 

Vertical emittance, normalized µm rad 0.07 11 

Horizontal ɓ* cm 10 10 

Vertical ɓ* cm 2 2 

Vertical beam-beam tune shift  0.014 0.03 

Laslett tune shift 0.06 Very small 

Distance from IP to 1st FF quad m 7 3.5 

Luminosity per IP, 1033 cm-2s-1 5.6 
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Strategic Planning Exercise 

MEIC/ELIC Site Plan By Jlab Facilities 
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Strategic Planning Exercise 

Transverse Emittance* and Energy SpreadÀ 

Area  dp/p 

[x10-3] 

ex 

[nm] 

ey 

[nm] 

Chicane 0.5 4.00 4.00 

Arc 1 0.05 0.41 0.41 

Arc 2 0.03 0.26 0.23 

Arc 3 0.035 0.22 0.21 

Arc 4 0.044 0.21 0.24 

Arc 5 0.060 0.33 0.25 

Arc 6 0.090 0.58 0.31 

Arc 7 0.104 0.79 0.44 

Arc 8 0.133 1.21 0.57 

Arc 9 0.167 2.09 0.64 

Arc 10 0.194 2.97 0.95 

Hall D 0.18 2.70 1.03 

* Emittances are geometric 

À Quantities are rms 

DBA option 

Sync. Rad. 

Damping 
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Strategic Planning Exercise 

Cases Explored 

Å24 GeV Recirculated Linac in present tunnel 

ðAverage current de-scoped another factor of 2 (40 

µA/hall) due to dump (get it back with new dump?) 

ðMagnet layout and types roughly the same as now, 

but now completely new! 

ðNeed 20 "C150s" and 10 C100s, and 20 C50s, 

yielding just 2.5 GeV per linac pass 

Å50 GeV Site Filler 

ðSame dumps 20 µA/hall maximum, for 100 µA/hall 

must energy recover or build 5 MW beam dumps 

ðArcs are Th. Min. Emit. (TME), Normal Conducting 

ðOptimize shape, pass #, and cryomodule energy 

gain (C200s?) for lowest cost, as done for CEBAF 
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Strategic Planning Exercise 
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Strategic Planning Exercise 

Polarization Loss 

ÅSpin precession per 180 degree bend 

 

 

ÅFor 9 arcs 

 

 

ÅPolarization angle spread yields dilution 

 

 

 

 

ÅFixed By Vertical Polarization in Accelerator? 
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Strategic Planning Exercise 

Expected Beam Parameters  

6 GeV 12 GeV 24 GeV 50 GeV 

Energy @ A, B, C GeV 6 11 25 50 

Energy @ D GeV NA 12 27 NA 

Mode CW CW CW CW 

Total Current µA 200 85 40 

80 with 2 

MW Dump 

20 

100 with 

ERL? 

Beam Power/Dump MW 1 1 1 1 

Emittance 

(unnormalized,rms) 

nm-rad <1 2.7 86 40 

Relative Energy Spread 

(rms) 

10-3 0.025 0.2 1.1 2.2 

% 0.5 2.4 26 110 

Spot Size (rms) mm  0.2  0.2 0.7 0.6 
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Strategic Planning Exercise 

JLAB Hall ñEò 
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Strategic Planning Exercise 

Comments on Hall E 

ÅAn appropriately retrofitted injector could provide 

polarized beam 

 

ÅMachine design energy is 210 MeV, but energy reach 

with C100s would be 300 MeV (Magnets have 

considerable reserve, running at only 7 kG at 210) 

 

ÅDipoles exist (LIPSS at the moment) for the short arc 

to be used for spectrometer/energy stabilization. No 

modification to the UV  transport would be required 

 

ÅLikely need a couple dozen quads, power supplies, 

diagnostics, etc. Maybe 5M$ total plus building and 

detector 
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Strategic Planning Exercise 

Conclusions 

ÅEfforts on MEIC collider continue and rapid progress 

is being made 

ÅA 24 GeV CEBAF-like machine in the present tunnel 

should be possible. Would require further upgrades 

to the beam acceleration system and a completely 

new (normal conducting) complement of magnets 

ÅThe CEBAF site could support a larger 50 GeV scale 

fixed target machine. Polarization and emittance 

dilution imply completely new layout is required. 

Transverse polarization may be needed in the 

accelerator. Would be better performing at 24 GeV 

ÅThe FEL may have promising low energy nuclear 

physics applications 
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Strategic Planning Exercise 

EIC Advisory Committee Report 

Å ñJefferson Lab has made significant advances in the design of 

the hadron injector and storage ringò 

Å ñPerformance deliverables in terms of energies and 

luminosities have convergedò (between Jefferson Lab and 

Brookhaven designs) 

Å Recommend look at space charge effects 

Å Recommend examine electron cloud effects 

Å Dynamic aperture of chromaticity correction schemes 

Å Generic Comments 

ðThe ion sources required are beyond the state of the art 

ðBeam cooling is required for both projects and is highly non-

trivial. MEIC uses a more conventional system. 

 

Å We will be putting more effort into beam cooling studies 
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Strategic Planning Exercise 

From 6 GeV to 12 GeV 
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Strategic Planning Exercise 

Emittance Growth By Scaling 

ÅBeam emittance growth over a section of beam line due to synchrotron 
radiation (ODU Lectures) 

 

 

ÅFor a FODO lattice 

 

  

 where Ŭ is the bending angle of the beam line, equals to  ́for a half 
circle, ◒= lb/ɟ is bending angle of a dipole, lb/lb0 is the packing factor of 
the FODO cell,  [<H>/ɟ◒3] only depends on phase advance of the FODO 
cell 

ÅIn this case 

 

 
 

ÅComparing the 12 GeV case and a potential 50 GeV accelerator: E 
increased by a factor of 45/11=4.09 and ɟ increased by a factor of 3, 

 then emittance growth scales by a factor of  4.095/34 ~ 14 
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Strategic Planning Exercise 

Energy Spread by Scaling 

ÅEnergy spread after passing a section of circular beam line with 

uniform 180 degree bend 

 

 

 

ÅThus, 

 

 

 
 

ÅComparing 12 GeV and 50 GeV CEBAF, after last arc 

    E increased by a factor of    45/11=4.09, 

  ɟ increased by a factor of    3, 

 then  

  ŭE/E increased by a factor of  4.095/2/3=11.3 
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AD Town Meeting 

 

Robert Rimmer 

Director, Institute for SRF Science & 

Technology 



1. Reduce the cryogenic requirements 
Å Why? 

ÅCryogenic systems represent a major fraction of capital and operating 

(energy) costs of SRF based facilities. 

ÅFor large facilities the way forward is via increased Qo at 2K or lower, 

more efficient SRF structures, more efficient cryogenic plant. 

ÅFor small projects operation at 4K with low-frequency, high impedance 

structures may be viable, significantly reducing the capital costs. 

Å Where would we like to be? 

Å5 years: Qo = 2x1010 at 2K, 1.5 GHz, 20 MV/m with Nb 

Å10 yr: Qo = 1011 @ 2K, 1.5 GHz, 20 MV/m, 1010 @ 4K-> new materials 

Å20 years: HTS materials @ 77K with low residual resistance 

Å How do we get there? 

ÅShort term: Process improvements (EP, elimination of Q slope and field 

emission, furnace treatments), design changes, magnetic shielding 

ÅLong term: new structures, new materials e.g. Nb3Sn, HTS materials 

Å                           Who benefits? Everyone! 
41 
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Low field Qo at 2K, 1.5 GHz 



History plot of the highest Q0(4.2 K, ~10 mT, 0.06-3 GHz)
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Best results typically from compound materials 

Potential application to BES-ICS 



E.g.: Qo improved by ingot material and furnace treatment 

Slide 44 

Induction coil used  

for heating the cavity  

Note improved performance 

Blue baseline vs Red New Process  

Large Grain  

Cavity in Fixture  prior  

to furnace treatment 

Work in progress 



1b. Low frequency 4K solution (ICS) 

Slide 45 

Å Why : Simplified cryogenics and reduced capital cost  

Å potential for R&D in Universities & Industry 

Å Target Specification  

Å 5 year "proof of Principle" Dynamic 35W CW/cavity 

Å 10 Year ï goal is to get first machines in use  

Å 20 year ï Commercialization 

Å How :  

Å new Cryostat Design + low frequency Spoke Cavity 

Å Evaluate new materials, plasma cleaning  

Å End users include  :  

Å Universities, Industry, National Labs  

Å Photons, Neutrons, Ion Therapy, Isotope Production  

Å Funding : ARRA, BES, WFO  

Å Partnerships ï ODU, MIT, PKU, IHEP, ESS  

PKU spoke cavity 

RF amp RF amp RF amp 

Superconducting 

RF photo injector 

operating at 300 

MHz and 4K 

RF amplifiers 

1 MeV 30 MeV 

Electron beam of ~1 mA 

average current at 10-30 MeV 

JLab double spoke cavity 



2. Increase the maximum gradient, with equal or 

lower cryogenic requirements 

Å Why? : Gradient drives machine size for high energy facilities 

Å Maximizing gradient minimizes capital cost  

Å Pushing the limits of gradient expands design options in other areas 

Å Target Specification:  

Å 5 year - 45 MV/m in 9 Cells, VTA Qo >1.0E+10  (100MV/m surface field, 190 mT)  

Å 10 Year- 100 MV/m in R&D, ñC200ò Cavities & Cryomodule (35 MV/m, 4x1010) 

Å 20 year ï yet to be determined (historically doubles every ~10 years)  

Å How : through development of improved and more robust Chemical Processes, new 

structures and new materials  

Å End users include  :  

Å all accelerators worldwide, particularly energy frontier machines (ILC, Muon 

collider)  

Å Funding & Partnerships :  ILC, and NP 

Å In future new sources of funding needed   
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Historical trends in cavity gradient 

Slide 47 

C200 

R. Geng 2011 



2. Improve Gradient - Photo Gallery  

Slide 48 

Horizontal  Electro Polish 

Vertical Electro polish Cabinet  

Barrel polisher 

Ichiro 

Seamless 

Vertical test 



3. Collaborate on projects using SRF 

technology to grow our capabilities 
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ÅWhy ?: 
ÅSupplement and expand our core competencies 

ÅElectrons, protons, ions, positrons, muons, 2K and 4K, CW and pulsed 

ÅMaintain staffing levels and skills on challenging tasks 

ÅContinuous improvement of capabilities and facilities 

ÅHighest Priority: FRIB, MEIC 
 

FRIB - entering production phase 

MEIC - in R&D phase 



E.g.: FRIB at MSU 
*Photos Courtesy Matthaeus Leitner, MSU 
 

Å Why :  

Å In support of an NP Project 

Å Gain expertise in half-wave cavities and box cryostat 

Å Target :  

Å Prototype Cavity Process & Production Proposal FY 12  

Å Production Cavity Process could start FY 14 (147 b=0.53 ) 

Å Potential for Cryomodule assembly starting FY 15  (18 b=0.53 CM) 

 



Other projects we are watching: 
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Project-X 

(R&D $) 

ESS (Funded ú) 

MYRRHA 

(Funded ú) 

NGLS (R&D) 

ÅExploring opportunities for collaboration 
 

n-factory/muon collider 

(R&D ï MAP program) 

(R&D ïGDE/ ART program) 


