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Accelerator Mission

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

A The Accelerator Mission is to advance the capability of
Jefferson Lab to carry out world-class nuclear science
and, more broadly, to deve
In technologies associated with high-power
superconducting linacs

A The 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 Labds core a
support DOE Office of Science projects and other partnerships

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?

A Operate and upgrade the JLab accelerator facilities
A Maintain energy capability
C-50 program
A Improve beam quality for Users
Parity quality
Maximum current
A Support the 12 GeV Upgrade Project
Accelerator physics design
Construct ten C-100 cryomodules
Extraction system design

Prepare to meet the 12 GeV project commissioning milestones
A Prepare 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?

A Prepare the future evolution of nuclear physics
experimentation at Jefferson Lab

A Design a Medium-energy Electron lon Collider (MEIC) which
could be built at Jefferson Lab

A Collaborate with BNL and MIT on generic electron-ion collider
R&D

A Develop the capability to produce positron beams (PEPP0)
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Scope of Current Activities 3

What is it that your division does, what is your current scope of work?

AExpand Jefferson Labés core
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
reguirements

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
Develop new cavity types for different uses

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?

A Attract and educate the next generation of accelerator
scientists and engineers

A Provide opportunities for high school and undergraduate
science students to be exposed to accelerator science

A Maintain the number of doctoral students in accelerator science

A Strengthen collaboration with the Center for Accelerator Science
at ODU and the Idaho Accelerator Center at ISU

A Provide instructors at the United States Particle Accelerator
School

A Attract female and minority students to accelerator science
Successful for females
Actively 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?

A Only high-power CW electron accelerators in the world
A CEBAF
A FEL

A Injector test stand
A Will be expanded during the Test Lab refurbishment
A High-polarization, high-current beams
A New SRF facility (TEDF), which incorporates and
Improves the capabillities of the existing Test Lab
A Highly experienced SRF workforce
Scientists, engineers and technicians

A Track record in delivering large SRF projects
SNS superconducting proton cavities
C-100 cryomodules for the 12 GeV Project

A \World-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?

ADevel opermiamdo capabilities t

A Beamline design and commissioning for new experiments

A Improvements in parity quality of beams

1 kHz polarization reversal

A Operations and SRF support to FEL

A Could be augmented
A SRF training of young engineers

A Hiring production engineers rather than design engineers

A We should improve mentoring of engineers in SRF technology
A Bringing Cryogenics Group into other projects
A Cryogenics and SRF could (and should) work closer together
Integrated 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

A Continue with 12 GeV and succeeding on-site facilities

2 Prepare the future evolution of nuclear physics experimentation at
Jefferson Lab

A Continue MEIC design

A Prepare alternatives
3 Expand Jefferson Labo6s core acce
DOE Office of Science projects and other partnerships
A Be the provider of choice for SRF accelerators world-
wide
A Associate other core competencies with SRF to expand
our capabilities
4  Attract and educate the next generation of accelerator scientists and
engineers

A Continue at about the same level |
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Proposals

1 Operate and upgrade the JLab accelerator facilities
A Positron Brainstorming i Arne Freyberger

2 Prepare the future evolution of nuclear physics
experimentation at Jefferson Lab
A JLab Upgrades i Geoff Krafft

3 ExpandJef ferson LaboOos core acce
support DOE Office of Science projects and other partnerships

AD Town Meeting T Bob Rimmer

CASA Geoff Krafft

Source Group 5-year plan i Matt Poelker

Multi-droplet demo T Alex Bogacz

Neutron Program i Andrew Hutton

4  Attract and educate the next generation of accelerator

scientists and engineers

A Strategic Planning Education i Hari Areti
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positron_brainstorming.ppt
Krafft_JLabUpgradesTalk.pptx
Rimmer_ADTown Meeting_draft.pptx
Krafft_CASA Department.pptx
Poelker_Source Group 5-Year Plan.rv2.pptx
Poelker_Source Group 5-Year Plan.rv2.pptx
Poelker_Source Group 5-Year Plan.rv2.pptx
Bogacz_MultiDroplet_Demo.ppt
Bogacz_MultiDroplet_Demo.ppt
Bogacz_MultiDroplet_Demo.ppt
Hutton_Neutron Program.pptx
Areti_SP_Education_AH_Rev.2.pptx

Positron Brainstorming

Arne Freyberger
Director, Accelerator Operations
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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.

5

12 GeV NP Physics:
¢ Deep Virtual Compton Scattering
¢ Two Photon Exchange
¢ Heavy Photon Searches
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" Source ConcEpT
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Positron Timeline

E Positron parameters and plan defined by May
2012

E Material Science parameters
E Nuclear Physics parameters
E Rough plan from parameters to realization

E Dec. 2013 Conceptual Design Complete
E Rough cost estimate $(30 +/- 30)M
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Injector Upgrade

E Strongly desirable to test new components,
200keV Wiens, ¥4 cryomodule, PSS before
installing on CEBAF

E Timeline
E Before 12GeV commissioning, 0L03/0L04 upgraded to deliver
130MeV
E20156i sh Parity Quality Upgrade ¢
facility

E 2016 Parity Quality Upgrade installed on CEBAF

E Three Wien concept still too exploratory to commit to a date, but
initial modeling looks promising.
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Low Energy Electrons for NP

There have been several new ideas for NP experiments
that require electrons in the 10-200MeV range:

E Heavy Photon search with 10mA internal gas target
E Bubble chamber experiment at 10MeV
E Parity measurements with 100-200MeV electron beams

E Positron Source Development (PEPPO0)
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Two Birds and One Stone

(NP experiments with <200MeV electrons) + (need for a
10+MeV capable injector test facility) = FEL

E Incremental cost of operating the FEL would be small,
power/cryogens are already paid for.

E It would diminish the need to upgrade the TEST Lab
Injector cave.

E FEL injector would need to be upgraded to a polarized
source

E (May be) Incompatible with Light Source developments:
Is it time to move on?
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Nuclear Physics
Beyond the 12 GeV Upgrade

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

Jefferson Lab User Workshop
Strategic Planning Exercise
December 19, 2011

Ry : . Offlce of
_ / orn % I Thomas Jefferson National Accelerator Facility —
C Sc:ence
Strategic Planning Exercise U.S. DEPARTMENT OF ENERG
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OUTLINE

A MEIC

A Fixed Target Possibilities
A Nuclear Physics at the FEL
A Conclusion

v Office of
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MEIC Layout
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MEIC Design Goals

KEnergy

d Full coverage in s from a few hundreds to a few thousands

Bridges the gap between 12 GeV CEBAF and HERA/LHeC
d Electron 3to 11 GeV, proton 20 to 100 GeV, ion 12 to 40 GeV/u
d Design point: 60 GeV proton on 5 GeV electron

Alon species
0 Polarized light ion: p, d, *He and possibly Li
d Un-polarized ions up to A =200 or so (Au, Pb)

ADetectors
d Up to three interaction points, two for medium energy (20 to 100 GeV)
0 One full-acceptance detector (primary), 7 m between IP & 15t final focusing quad
d One high luminosity detector (secondary), 4.5 m between IP and 15t final focusing

guad
SN AN SN SN -
— — . . Office of
] OC/%/MAM Sgd/v I Thomas Jefferson National Accelerator Facility ﬂ Science
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MEIC Design Goals

ALuminosity

0 About 1034 cm s1 (e-nucleon) per interaction point
0 Maximum luminosity should optimally be around s = 2000 GeV?

APolarization

d Longitudinal at the IP for both beams, transverse at IP for ions only
A Spin-flip of both beams
A All polarizations >70% desirable

AUpgradeable to higher energies and luminosity
d 20 GeV electron, 250 GeV proton and 100 GeV/u ion

APositron beam highly desirable

d Positron-ion collisions with similar luminosity

SN AN SN SN -
— — . . Office of
] OC/%/MAM Sgd/v I Thomas Jefferson National Accelerator Facility Science

- W W W W
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Full Acceptance Detector Parameters

_-

Beam energy

Collision frequency MHz 750 750
Particles per bunch 1010 0.416 2.5
Beam Current A 0.5 3
Polarization % >70 ~ 80
Energy spread 104 ~3 7.1
RMS bunch length cm 10 7.5
Horizontal emittance, normalized pumrad 0.35 54
Vertical emittance, normalized um rad 0.07 11
Horizontal b* cm 10 10
Vertical b* 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 cm2st 5.6

AN AN A AN PP—=S" Office of

wl I Thomas Jefferson National Accelerator Facility P
N’ gv A Science
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MEIC/ELIC Site Plan By Jlab Facilities

LEGEND

[ Existing Buildings

Il Existing Ponds

Bl Existing Property Lines

Il Existing Owned by others
[] Future Electron lon Collider

Y] Future Ponds
Il Fotore R & D Buildings

[] Future Support Buildings

[ Foture Technical Buildings
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Transverse Emittance* and Energy Spread”

wea [ | e : DBA option
[x109] [nm] [nm]
Chicane 0.5 4.00 4.00 P
Arc 1 0.05 0.41 0.41 Damping
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 N
Arc 6 0.090 0.58 0.31
Arc 7 0.104 0.79 0.44 sync. Rad.
Arc 8 0.133 1.21 0.57
AU oRte & oRe * Emittances are geometric
Arc 10 0.194 2.97 0.95 AQuantities arerms
Hall D 0.18 2.70 1.03
-“12/: Em @”ZD— Thomas Jefferson National Accelerator Facility r y 4 %,Z::gﬁ c‘::
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Cases Explored

A 24 GeV Recirculated Linac in present tunnel

0 Average current de-scoped another factor of 2 (40
LA/hall) due to dump (get it back with new dump?)

0 Magnet layout and types roughly the same as now,
but now completely new!

0 Need 20 "C150s" and 10 C100s, and 20 C50s,
yielding just 2.5 GeV per linac pass

A 50 GeV Site Filler

0 Same dumps 20 pA/hall maximum, for 100 pA/hall
must energy recover or build 5 MW beam dumps

d Arcs are Th. Min. Emit. (TME), Normal Conducting

d Optimize shape, pass #, and cryomodule energy
gain (C200s?) for lowest cost, as done for CEBAF

stern Universities Research Association for the U.S. Department of Energy Strategic Planning Exercise
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SITE PLAN Jefferdon Lab

JEFFERSON AVENUE

CANON BOULEVARD
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Polarization Loss

A Spin precession per 180 degree bend

_0-2E,..4
D F= en
2 mczp

A For 9 arcs

D Fo 4[:9 2 EIlnaC
mc2

A Polarization angle spread yields dilution

[ S ~
Sg © og@ F—Eg
C E -
o S. O
P>F, COSﬁ) F—o % correctionto P? oaé) F o
¢ E-= ¢ E-=
A Fixed By Vertical Polarization in Accelerator?
v Office of
T 4 Science™
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Expected Beam Parameters

—-

Energy @ A, B, C

Energy @ D GeV NA 12 27 NA
Mode CW CWwW CWwW CW
Total Current HA 200 85 40 20
80 with 2 100 with
MW Dump ERL?
Beam Power/Dump MW 1 1 1 1
Emittance nm-rad <1 2.7 86 40
(unnormalized,rms)
Relative Energy Spread 1073 0.025 0.2 1.1 2.2
(rms)
Dilution Parameter % 0.5 2.4 26 110
(6¢/m)
Spot Size (rms) mm 0.2 0.2 0.7 0.6
‘:;:Jq:#:%zw @%:;—Thomas Jefferson National Accelerator_FaciIi.ty | r %f:::g'e':ef

Operated by the Southeastern Universities Research Association for the U.S. Department of Energy Strategic Planning Exercise U.S. DEPARTMENT OF ENERGY



JLAB Hal l NEO
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Comments on Hall E

A An appropriately retrofitted injector could provide
polarized beam

A Machine 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)

A Dipoles 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

A Likely need a couple dozen quads, power supplies,
diagnostics, etc. Maybe 5M$ total plus building and
detector

= 7/ / I . -
] ¢ son falh I Thomas Jefferson National Accelerator Facilit —
C
Operated by the Southeastern Universities Research Association for the U.S. Department of Energy Strategic Planning Exercise
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Conclusions

A Efforts on MEIC collider continue and rapid progress
IS being made

A A 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

A The 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

A The FEL may have promising low energy nuclear
physics applications

Office of
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EIC Advisory Committee Report

AfnJefferson Lab has made signific
the hadroni nj ect or and storage ringo

A APerformance deliverabl es n

i ter
| umi nosities have convergedo (be
Brookhaven designs)

Recommend look at space charge effects
Recommend examine electron cloud effects
Dynamic aperture of chromaticity correction schemes
Generic Comments
d The ion sources required are beyond the state of the art

0 Beam cooling is required for both projects and is highly non-
trivial. MEIC uses a more conventional system.

To Io o Ix

A We will be putting more effort into beam cooling studies

Y W e W W NP N r
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From 6 GeV to 12 GeV
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Emittance Growth By Scaling

A Beam emittance growth over a section of beam line due to synchrotron
radiation (ODU Lectures) 2
5Cg>(mc2)

De =
“ 640/3

u

. H
g ffs—
I
A For a FODO lattice

nls_:_ 7. ~
re.r Ib,og rq H
where Uis the bending angle of the beam line, equals to ~ for a half

circle, «= 1./} is bending angle of a dipole, I, /l,, is the packing factor of

th?I FODO cell, [<H>/} &] only depends on phase advance of the FODO
ce

A In this case
3 5
pe, -9~ &
r rtor
A Comparing the 12 GeV case and a potential 50 GeV accelerator: E

increased by a factor of 45/11=4.09 and J increased by a factor of 3,
then emittance growth scales by a factor of 4.09°/3%~ 14

o W W W e W e

| N aon EZ“ I Thomas Jefferson National Accelerator Facility ‘ P
\2.!\..« ' e’ LJ Science
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Energy Spread by Scaling

A Energy spread after passing a section of circular beam line with
uniform 180 degree bend

(E) _ 55, > . .ds_ 55, > ¢°
E2 4830 m@° 12 2430 mé r?

A Thus,

£ E5/2
E i r

A Comparing 12 GeV and 50 GeV CEBAF, after last arc
E increased by a factor of 45/11=4.09,
} Increased by afactor of 3,
then
UE/E increased by a factor of 4.09°2/3=11.3

o W W W e W e
— — Office of
¢ EZM@ I Thomas Jefferson National Accelerator Facility —‘§
Jv ' N e’ Sc:ence
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AD Town Meeting

Robert Rimmer

Director, Institute for SRF Science &
Technology

..leffers)on Lab @ EJSA



1. Reduce the cryogenic requirements

A Why?
A Cryogenic systems represent a major fraction of capital and operating
(energy) costs of SRF based facilities.

A For large facilities the way forward is via increased Q, at 2K or lower,
more efficient SRF structures, more efficient cryogenic plant.

A For small projects operation at 4K with low-frequency, high impedance
structures may be viable, significantly reducing the capital costs.

A Where would we like to be?
A 5years: Qo = 2x10%0 at 2K, 1.5 GHz, 20 MV/m with Nb
A 10 yr: Qo = 101! @ 2K, 1.5 GHz, 20 MV/m, 101° @ 4K-> new materials
A 20 years: HTS materials @ 77K with low residual resistance

A How do we get there?

A Short term: Process improvements (EP, elimination of Q slope and field
emission, furnace treatments), design changes, magnetic shielding

A Long term: new structures, new materials e.g. Nb,Sn, HTS materials

Who benefits? Everyone!
.jeffergon Lab @€JSA




Low field Qo at 2K, 1.5 GHz

History plot of the highest Q,( 2 K, ~10 mT, 1.5 GHz)
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Low field Qo at 4K

History plot of the highest Qy(4.2 K, ~10 mT, 0.06-3 GHz)

Chart by Gigi Ciovati

#0.06-0.088 GHz MW0.1-0.16 GHz X0.2-0.225GHz ®0.35-04GHz A0.5-0.7GHz @15GHz X3 GHz
1.0E+11 Best results typically from compound materials
Potential application to BES-ICS
< Nb;Sn
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E.g.: Q, improved by ingot material and furnace treatment

Work in progress

Large Grain G1-G2 (RRR ~ 200, Ta ~ 1375 wppm) CEBAF OC shape single-cell,
1.474 GHz

1E+12
e 15um BCP 1:1:2, T=2.0K

4 1000°C/8h Ar purge, O2 vent, HPR, T=2.0K

o 1000°C/6h Ar purge, O2 vent, HPR, T=1.5K “‘ 4 \
3 ! T |
\ -»-f =
1E+11 A 3 : _—
Large Grain N
=] p= =~
) T ] v
- \ : i :
1E+10 AN Quench _| i 3 oy B
Note improved performance : | e
Blue baseline vs Red New Process ok 2 1R E
1E+00 Induction coil used
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 for heating the cavity
P. Dhakal, G. Ciovati, G. Myneni, Jefferson Lab . to be published B p [ITIT]

Cavity in Fixture prior
to furnace treatment
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1b. Low frequency 4K solution (ICS)

A Why : Simplified cryogenics and reduced capital cost
A potential for R&D in Universities & Industry
A Target Specification
A 5 year "proof of Principle" Dynamic 35W CW/cavity
A 10 Year i goal is to get first machines in use
A 20 year i Commercialization
A How :
A new Cryostat Design + low frequency Spoke Cavity
A Evaluate new materials, plasma cleaning
A End users include :
A Universities, Industry, National Labs
A Photons, Neutrons, lon Therapy, Isotope Production
Funding : ARRA, BES, WFO RF photo o

operating at 300

Partnerships 1 ODU, MIT, PKU, IHEP, ESS = "***

RF amplifiers

Electron beam of ~1 mA
average current at 10-30 MeV
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2. Increase the maximum gradient, with equal or
lower cryogenic requirements

A Why? : Gradient drives machine size for high energy facilities
A Maximizing gradient minimizes capital cost
A Pushing the limits of gradient expands design options in other areas
A Target Specification:
A 5year - 45 MV/m in 9 Cells, VTA Qo >1.0E+10 (100MV/m surface field, 190 mT)
A 10 Year-100MV/mi n R&D, @ C2 0 Orgomdiale/(35tMV/m s4x18.0)
A 20vyear i yet to be determined (historically doubles every ~10 years)

A How : through development of improved and more robust Chemical Processes, new
structures and new materials

A End users include :

A all accelerators worldwide, particularly energy frontier machines (ILC, Muon
collider)

Funding & Partnerships : ILC, and NP
A In future new sources of funding needed

.jeffergon 1) b @ gJSA



Historical trends in cavity gradient

L-Band SRF Niobium Cavity Gradient Envelope
and Gradient R&D Impact to SRF Linacs

60 " v ' ' I ' T 1
- CEBAF: CW SRF Linac
- XFEL & ILC: Pulsed SRF Linac
I i e e =
- ILC 1 TeV Upgrade
R. Geng 2011  Very High Gradient R&D
- | W L
40 | Single-cell cavity @ g - @@ 82 g ‘- [
[ - C2@0 CEBAF
N £ PXFEL1 C 50
'E Ar , - module 250 G CZOO
i Multi-cell cavity 2 O ] -
SO, . SOOI | 0 F SIS o S oL o SO = W oo  ——
E 30 A =23 —I
8 : TTF SASE FEL run FLASHET({@H” XFEL 17.5 Ge\ linac
© | H =
L | CEBAF 12 GeV Upgraffe C100 CEBAF 12 GeV |
............................................................................ C 100desgg£2x 1.1 GeV linac -
_ o #
! - - C50 CEBAF |
- module rework
i - =
""""""""""""""""""" " ¢l P i CEBAF o CEBAF T
design goal” 4 GeV physics run 6 GeV physics run |
-
L] B
\ L L L L I 1 L L L |
1990 2000 2010 2020

Year
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2. Improve Gradient - Photo Gallery

Horizontal Electro Polish : — =

Vertical test o |
Jefferson Lab @ @M



3. Collaborate on projects using SRF
technology to grow our capabilities

A Why ?:
A Supplement and expand our core competencies
Electrons, protons, ions, positrons, muons, 2K and 4K, CW and pulsed
A Maintain staffing levels and skills on challenging tasks
A Continuous improvement of capabilities and facilities

A Highest Priority: FRIB, MEIC

Beam Delivery
System To Target

B=0.085 Matching p=0.29 Matching  =0.29 Matching B=0.53 Matching  Superconducting
Cryomodule Cryomodule Cryomodule Cryomodule Folding Segment

Room-Temperature  B=0.085 Matching 13 B=0.29 Cryomodules 18 p=0.53 Cryomodules 10 m Vertical Drop from
Folding Segment Cryomodule lon Sources (above ground)

FRIB - entering production phase

12 GeV CEBAF

MEIC - in R&D phase
..leffergon 1) b @EJSA



E.g.: FRIB at MSU

*Photos Courtesy Matthaeus Leitner, MSU
A Why :
A In support of an NP Project
A Gain expertise in half-wave cavities and box cryostat
A Target :
A Prototype Cavity Process & Production Proposal FY 12

A Production Cavity Process could start FY 14 (147 b=0.53)
A Potential for Cryomodule assembly starting FY 15 (18 b=0.53 CM)

FRIB 322 MHz 3=0.53 Cryomodule

p-Metal Central Vacuum
Shield Cryogenic Vessel

Interface
. Ay Resonator
Y with Helium

Vessel

F RI B Faclllty for Rare lsotope Beams
iniversi M. Leitner, JLAB Visit, 8/30/2011, Slide 41
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Other projects we are watching:

A Exploring opportunities for collaboration

( Project-X
R&D $)

35111 MH: T MHz
elimep AT mep gl D gl T e ] me— g5 me— ] 5 me— 130 m 1]
Soairce LEET RFC MERT ¥ Spokes [ High HEET & Upgrade Tarpet
i i i it 1 it (
75 ke 1 Mo 50 Ma¥ 140 Ma¥ 590 MV 500 MW
ESS (Funded 0)
0.8

Reactor
(600 x\ff[e:a"rr ton) « subcritical mede (50-100 Mth)
& P « eritical mode (~100 M)

-—mﬁ
MYRRHA 3
(Funded 0)

Multipurpose
flexible
irradiation
facility

n-factory/muon collider
(R&D T MAP program)

Electrons £ 4 .
Positrons

L I I |

Damping Rings Main Linac

Jetteron Lah ,',’,': (R&D 1 GDE/ ART program) 51 @E.JSA



