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We present a scheme for positron beam acceleration in CEBAF antiparallel to the normal elec-
tron path, requiring no change in polarity of the magnet systems. This feature is essential to the
principal benefit: enabling extremely simple configuration changes between conventional (clockwise)
e− acceleration and counter clockwise e+ acceleration. Additionally, it appears possible to config-
ure the accelerating cavity phases to support concurrent acceleration of the electron and positron
beams. The last mode also may enable use of the higher peak current electron beam for system
diagnostics. The inherent penalty of the concurrent mode in acceleration efficiency and increased
energy spread may render this a commissioning-only diagnostic option, but the possibility appears
worthy of consideration.

PACS numbers: 29.20.Ej, 29.27.Eg, 41.75.Ht

INTRODUCTION

A positron beam of 1-2 µA intensity would open a
new dimension for hadron physics with electromagnetic
probes and also make JLab a most prolific antimatter fac-
tory. The JLab physics community proposed an exten-
sive physics program with a positron beam and organized
two workshops in 2009 and 2017 [1, 2]. Early studies for a
positron beam at JLab were summarized in Ref. [3]. The
physics topics are: positron-proton elastic scattering; ad-
ditional proton structure functions; Compton scattering
from a quark; virtual Compton scattering from a proton;
positron source technologies and application to linear ac-
celerators; polarized positron sources; positron beam po-
larimetry; applied research with slow positrons; and new
physics with positrons (including dark matter searches
and a test of special relativity). During the second
workshop, extensive studies were presented about prac-
tical aspects of the positron beam acceleration, see [4].
Antiparallel positron acceleration was also presented at
JPos2017 [5], motivated by the use of a positron beam in
a precision test for speed of light anisotropy, see also [6].

The most direct approach to a positron beam would be
to reverse the polarity of the CEBAF magnets, see [7, 8].
This choice maximally leverages the beam handling in-
frastructure supporting delivery to multiple experiments
in all four halls. This apparent virtue may be illusory
because there is a very large approved physics program
which requires beam current 10-100 times higher than is
possible for the positron case. Hall D houses essentially
photon-only experiments. The principal positron inter-
est lies with the original halls: A, B, and C. However, for
low positron current, a large solid-angle detector such as
CLAS12 is required to make use of the event rate.

In this paper we outline a system, extensible to Halls
A and C, but delivering positrons initially only to Hall
B. We examine use of a positron beam with no change of
magnet polarity, but a change in the direction of beam
motion. Such an approach has advantages operationally,

and possibly in capital cost:

• Fast transition between e− and e+ operation.

• Supports graded implementation of the e+ opera-
tion.

• Concurrent e−/e+ operation (with beam energy re-
duction).

These features minimize conflict between beam deliv-
ery to high luminosity halls and to Hall B (as best suited
initially for a positron beam program). Until sufficient
e+ current can be produced to provide high luminosity,
it will be available only to Hall B. Transition between
e− and e+ operation at the same energy should require
no magnet changes apart from some “beam switchyard”
region deflection magnets and the RF separators. The
separator cavities are not sited longitudinally to support
bidirectional operation and would be either turned off as
for static magnetic recirculation or re-phased as required
at e−/e+ transitions.

Items being opened for discussion here include:

• Antiparallel “counter-clockwise” e+ acceleration.

• Diagnostic capacity and requirements.

• Prospects for e−/e+ concurrent operation.

Operational/procedural tradeoffs for different positron
source and acceleration path will be compared, includ-
ing differences in required capital improvements.

OVERVIEW

The positron beam can be produced using the LERF
to provide electrons for e+ conversion local to LERF.
The e+ beam will be collected, re-bunched, accelerated,
and collimated for shielded, ground-level transport to the
west end of the South Linac. We propose injecting the
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e+ beam at an energy tunable up to 123 MeV (equal to
the energy of an electron beam injector) into the South
Linac. Due to the low beam energy and total power of the
injected positron beam ( 100-200 W), it appears possible
to transport the positrons at ground level from LERF
to the point from which they will be directed down into
accelerator tunnel for injection into what is the normal
exit of the South Linac. For projected 1% localized beam
current loss, about 100 cm of concrete shielding may be
adequate. The accelerator will have been configured and
all magnets set for the desired beam energy with standard
diagnostics, using the higher peak current electron beam.

The accelerating cavity phases must be set differently
for antiparallel acceleration (see below), but if concur-
rent e−/e+ acceleration proves possible, low duty-factor
“tune mode” electron beam current can potentially be
used with the positrons to track and correct system pa-
rameter drift. A small suite of supplementary diagnos-
tics will be required to monitor essential parameters of
the positrons. Synchrotron light monitors and viewers
are the simplest additions, but low-current capable Dig-
ital Receiver BPMs can be retrofitted as necessary. To
the extent that the magnetic system is static, it may be
possible to gain most of the necessary information from
electron beam signals. Synchrotron Light Monitors con-
figured for SR from the counter-rotating positrons can
be added to the system to verify beam position at crit-
ical points, following the general pattern of low-current
electron delivery to Hall B.

INJECTOR

An injector optimized for installation within LERF
has not yet been designed; however, analysis of possible
source configuration has been performed several times [9–
11]. For polarized positrons, the problem is strongly
constrained. The most straightforward production path
would be to collect positrons from the most densely pop-
ulated regions of phase space into a single “bucket” for
acceleration to high energy. For situations with no po-
larization requirement, however, redistribution of trans-
verse phase space into temporally adjacent buckets may
improve the yield of positrons per electron.

ACCELERATION OF THE BEAM AT CEBAF

The CEBAF beam travels from the injector through
the “Injection Chicane” into the North Linac. With a
nominal energy of up to 123 MeV, the electrons undergo
a series of 5.5 degree bends to exit the chicane along a tra-
jectory parallel to the linac. The higher-pass beams from
previous acceleration passes traverse a parallel “reinjec-
tion chicane” using magnets of the same

∫
B · dL). The

injection and re-injection chicanes share the same final

magnet, all beams entering the linac with parallel trajec-
tories. Separation and recombination of the various mo-
mentum beams are accomplished using vertical dipoles.
The system is designed for equal energy gain in the two
linacs. The tolerance to differential acceleration is useful
to maintain total beam energy in case of hardware out-
ages in one linac, or to improve the beam polarization
available to users on different acceleration passes.

As normally configured for electron acceleration, the
North and South Linac quadrupole set points track the
first pass beam momentum. The early North Linac
quadrupoles focus only weakly for the higher pass, much
higher momentum beams. The usual South Linac lat-
tice retains significant higher-pass focusing along its
length, but is far too strong for stable transport of
123 MeV positrons using antiparallel injection. During
the CEBAF Energy Recovery Demonstration in March,
2003 [12], the South Linac was configured to support
a decreasing beam momentum profile, decelerating the
beam to injector energy at the South Linac exit. This
is also required for a proposed 5-pass energy recovery
demonstration, for which an analogue of the injection
chicane has been designed [13] for extraction of the de-
celerated beam (see Fig. 2b). This design can support
antiparallel injection of positrons into the CEBAF South
Linac.

Geometry of RF system

Independent phase control for each CEBAF cavity al-
lows the acceleration to be maximized for each cavity
independently. The 5- and 7-cell cavities have “π mode”
fields, alternating in sign for each half-wave separated
cell. The time of flight delay between cells is synchronous
with the RF, and each cell maximally accelerates the
beam. The phase relationship works bidirectionally for
each cavity. However, this symmetry applies to multi-
ple cavities only if the cavities/cells are spaced at integer
multiples of half wavelengths. Consider a point along the
linac at which counter-rotating bunches cross. For conve-
nience, we will take this to be at the center of some cavity,
but this is not essential. Take the phase reference for each
cavity to provide peak acceleration (cos(0) = 1, maxi-
mum acceleration) for the bunch moving clockwise. At
a cavity centered a distance dZ from the crossing point,
the phase difference between the arrival of the two cross-
ing bunches is −2k ·dZ, where k is the RF wave number.
The relative phase (modulo 2π) can only be zero when
the physical separation from the crossing point is a mul-
tiple of λ/2.

Bi-directional acceleration Cavity phases can be set
for full acceleration in either direction. To provide si-
multaneous bidirectional acceleration if the phase differ-
ence described above is not zero, shift the cavity phase
set point by half of the relative phase to provide equal



3

crA tsaEcrA tseW

LAMBERTSON
MAGNET

"INJECTION CHICANE"

1E1S

3S

5S

7S

9S

3E

5E

7E

9E

0R0x

0L0x 2R

4R

6R

8R

2S

4S

6S

8S

T2

T4

T6

T8

BSY
Dump

DOGLEGS

AR
C 

2
AR

C 
4

AR
C 

6
AR

C 
8

CEBAF  BEAMLINE

G. Johnston
22 September 2008
File: TBD

DOGLEGS

ARC 1

AR
C 3

AR
C 5

ARC 7

ARC 9

1Cxx

2Cxx

3Cxx

3Hxx

4Cxx

9R

7R

5R

3R

1R

NORTH LINAC

SOUTH LINAC8E

6E

4E

2E

5TH PASS
RF SEPARATOR

1I0x

5MeV & Mott Line

   MBF0L07
Spectrometer

100/500keV Line(s)

8

2

1

3

5

7

9

SP
RE

AD
ER

RECO
M

BIN
ER

1Hxx

2Hxx

Gun #3 “South”

Gun #2  “North”
Polarized Gun

Beam Scrapers

3I0
x

Insertable Dumplettes

Insertable Dumplettes

East Arc Beam Stopper 

Pathlength BCM

Pathlength BCM
"YA's"MAW

DIPOLE

HALL
  "C"

HALL
  "B"

HALL
  "A" 

ENDSTATION
Insertable Dumplettes

e-

e-

RF SEPARATORS
FOR PASS 1-4

Polarized Gun

HALL
  "D"

6

4

AR
C 

10

Inline Dump

FIG. 1: CEBAF accelerator schematic, showing the injection chicane merging into the North Linac. Electron propagation is
normally clockwise, starting from the injector at the upper left corner. A chicane designed for extraction of an energy recovered
beam at the end of the South Linac (see Fig. 2b) would serve well as an injection point for positrons for antiparallel acceleration.

acceleration for both bunches. The CEBAF 5-cell cavity
and cryomodule spacing distribution is sufficiently broad
that the average acceleration is about 63% in the bidirec-
tional mode, independent of the choice of relative timing
between the counter-rotating bunches (assuming no cor-
relation due to gradient capability of the cavities). This
comes from 〈cos(θ)〉 =

∫ π/2
0

cos(θ)dθ)/
∫ π/2
0

(dθ) = 2/π.
The more favorably spaced 7-cell systems (five cryomod-
ules) can be configured in symmetric bidirectional accel-
eration for ∼ 77% of maximum energy gain with bunches
crossing at the center of the 7-cell cavity span, assuming
equal cavity gradients. It appears possible to increase the
separation between the C100s by 1.25 cm, which would
allow this 77% to be raised to ∼ 91%.

For each cavity, shifting the phase away from equal
acceleration results in a decrease in total energy gain for
the two bunches. The bunch gaining energy from the
phase shift gains less than is lost by the bunch which
loses energy. For symmetric distribution of cavity timing
before and after crest for the counter-rotating beams, a

global phase shift results in both bunches losing energy,
Therefore, for broadly uncorrelated cavity separations,
the procedure outlined above results in the net vector
sum of RF accelerating fields being on-crest. The energy
spread will be dominated by the incoherent phase noise
of the cavities.

Such a configuration opens the option of simultane-
ous electron and positron counter-rotating acceleration.
Many system tests can be made in CEBAF with no need
for a counter-rotating beam. The reduced acceleration
may appear self-defeating, but may enable the applica-
tion of electron beam diagnostics to solve problems en-
countered with positron acceleration while changing nei-
ther magnetic nor RF configurations. This may be espe-
cially useful during commissioning or trouble-shooting.

The phase change from maximal electron acceleration
in the conventional clockwise sense to either antiparal-
lel or bidirectional acceleration is a deterministic con-
sequence of the longitudinal placement of the cavities.
Download of phase shifts for bidirectional acceleration
should provide an on-crest RF vector sum, deviations
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FIG. 2: The injection chicane (a) provides for beam entrance
into the North Linac, propagating from left to right at the
top of the diagram. The chicane (b) designed to provide an
exit path for injector-energy beam (right to left) at the exit of
the South Linac for a proposed energy recovery linac demon-
stration also enables antiparallel positron injection.

from which can be measured using the RF global phase
shift. The 5-cell system energy gain should be approxi-
mately 63% of the maximal acceleration, and the energy
spread due to the RF incoherent phase flicker should be
measurable using existing accelerator diagnostics. The
new acceleration profile can be used to set the linac
quadrupoles. Full 5-pass acceleration can test feasibil-
ity of operating the system in this mode and would test
the capacity of CEBAF to accelerate and control high
momentum-spread beams.

The dipole magnet set points for maximal electron ac-
celeration are the same required for positrons at maxi-
mal acceleration with the condition of equal energy gain
for the two linacs. Transitioning between electron and
positron modes requires only changing the RF phases and
some beam delivery “beam switchyard” selections. The
electron and positron momentum profiles coincide in the
arcs, but the different profiles along the linacs may re-
sult in the need for small steering corrections. Selected
supplemental synchrotron radiation monitors (useful at
nanoAmpere average current) and viewers may be ade-
quate to guide re-steering of the beam. CEBAF Digital
Receiver BPMs provide useful signal at currents as low
as 30 nanoAmperes and could be installed as part of a
positron diagnostic supplement.

Acceleration of one beam

Consider the accelerator configured for multi-pass elec-
tron acceleration, with the exception of the quadrupoles
of the South Linac being arranged for the decelerating
momentum profile used for the 2003 Energy Recovery
Demonstration.

Acceleration of two beams

An injection chicane analog at the exit of the
South Linac supports antiparallel position injection at
MQL2L27. Such an insertion has been designed as part
of a study in support of a 5-pass energy recovery demon-
stration [14]. Positrons will be accelerated through the
South Linac as they propagate toward the 2L02 RF zone,
mirroring electron beam acceleration through the North
Linac, with the caveat that the phases of the SL cavities
must be altered to provide peak acceleration in each cav-
ity to the counter-rotating positrons. With equal energy
gain in the NL and SL, the positrons will enter Arc 1A at
the normal energy and propagate into the NL. With its
phases also altered to support antiparallel acceleration of
the positrons, the beam will continue into Arc 2A and on
through successive multiple passes through Arc 10.

Development plan

The project can be arranged in several stages:

• Stage 1: Demonstrate understanding of RF phase
and cavity locations

• Stage 2: Characterize CEBAF electron beam per-
formance with concurrent mode phasing (energy
spread/stability).

• Stage 3: Construct 123 MeV 1 µA cw positron
source.

• Stage 4: Construct positron transport and injection
line to CEBAF.

• Stage 5: Inject and accelerate the positron beam

• Stage 6: Accelerate positrons to 11 GeV.

• Stage 7: 1-pass (or other) positron extraction with
dedicated transport to Hall B (Hall A/C?) within
tunnel to support initial ∼ 2 GeV e+ experiments.

• Stage 8: Construct 11 GeV beam transport to BSY
for high-energy experiments.

SUMMARY

Delivery of a positron beam to Hall B and high in-
tensity electron beams to halls A, C, and D is proposed
with an “antiparallel” mode. The most expensive part
of the proposed approach would be the construction of
a beam transport tunnel conducting positrons from the
West Arcs to the BSY. Fast and reliable transition be-
tween electron mode and positron mode is the main ad-
vantage of our proposal. In the case where a lower beam
energy is acceptable for an experimental program, it may
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be possible to deliver electrons and positrons concur-
rently.
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