
Toward the ERL, a Brigh ter X-ra y Source

Georg H. Ho�staetter �

Department of Physics, Cornel l University, Ithaca, New York 14853

X-ray beams from charged particle accelerators have become an essential tool in today's inves-
tigation of all types of materials, from airplane wings to cell membranes and from pollutan ts in
leaves to matter under earth-core pressures. The development of a new type of accelerator, envi-
sioned and invented at Cornell, that provides more brillian t beamsin shorter pulseswill move such
investigations to new frontiers.

I. INTR ODUCTION

Today's X-ray sourcesare based on electron storage
rings, where the electronsget acceleratedonceand then
they circle billions of times while producing intense X-
ray beams. The Cornell Electron Storage Ring (CESR)
in Fig. 1 is an example in point. Like race cars on a
curvy road, theseelectronscannot stay on a narrow path
while they go around a large number of turns. The elec-
tron beams thus obtain an unavoidable width, and the
brightnessof the X-ray beam su�ers.

On straight stretches of their race, however, electrons
can be con�ned to a narrow path, and a straight elec-
tron accelerator could thus produce signi�cantly nar-
rower electron beamsand therefore brighter X-rays than

FIG. 1: The nearly 800 m long accelerator ring CESR under
Cornell's alumni �led produces X-rays for the Cornell High
Energy Synchrotron Source (CHESS). In the South (at the
bottom of the �gure) are 7 X-ray producing devices.
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the best sourcesin operation.

Insert: From electrons to X-ra y beams

Electrons that oscillate emit radiation. This is used to
emit signals from a cell phone, where electrons oscillate
up and down in the antenna. In an X-ray source,intense
electron beamsare forced to oscillate to the right and left
of their meanpath in an arrangement of many horse-shoe
magnets of alternating orientation called an undulator.
This motion stimulates emissionof intenseX-ray beams.
An example is shown below.
An arrangement of many horse-shoe magnets with al-
ternating orientation called an undulator lets electron
beamsperform horizontal oscillations while passing the
device. This motion stimulates emissionof intenseX-ray
beams.
A cell phone emits radiation in all directions from its
antenna. This is not the casefor an undulator through
which electronsmove with very high speeds.It is a com-
mon place experience that the engine of an approach-
ing car soundshigher pitched than that of a withdraw-
ing car, especially when the car is very fast. Similarly
the high frequency X-ray radiation is mostly observed
when the electron beamdirectly approachesan observer.
Since the electrons in X-ray sourceslike CHESS travel
at 99.9999995%of the speedof light, this leadsto a very
strong bundling of the X-ray radiation in the observer's
direction and thus to very bright X-ray beams.



2

I I. THE ENER GY RECO VER Y LINEAR
A CCELERA TOR (ERL)

Electromagnetic �elds in micowave cavities can accel-
erateaswell asdecelerateelectrons. In an ERL, electrons
are injected in these cavities at the proper time for ac-
celeration, which producesa high energy electron beam.
This beam loosesonly about 0.1% of its energy when it
is usedfor X-ray production in undulators. The 99.9%of
its remaining energycan be recaptured into the Electro-
magnetic �elds whenthe electronsare re-injected into the
linac at the proper time for deceleration. Subsequently
this energy is available for the acceleration of another
bunch of electrons.

Every bunch of electrons therefore �rst traversesthe
linac for acceleration, then a return loop containing un-
dulators leads it from the end of the linac back to its
beginning, and �nally the bunch traversesthe samelinac
for deceleration. While a conventional storage-ringX-ray
sourcerecycleselectronsat high energybillions of times,
unfortunately compromisingthe beamsize,the ERL thus
sends each bunch of electrons with its very small size
through the undulators only once, but it reusesits en-
ergy multiple times.

Because the energy of the electrons is periodically
takenof and then put back into the electromagnetic�elds
in microwave cavities, these cavities must constantly be
operated. Conventional cavities made of someconduct-
ing material, e.g. copper, cannot be operated constantly
with high �elds sincethey would becometoo hot. This is
the reasonwhy the ERL will employ novel superconduct-
ing microwave cavities which are cooled to -456 Fahren-
heit to produce hardly any heat when operated continu-
ously at high �elds.

Currently the ERL team of LEPP and CHESS is set-
ting up a protot yping facilit y to show that the desired
very small beam sizescan be produced and injected into
an ERL.

I I I. PLANS FOR AN ERL AT CORNELL

The designof the Cornell X-ray ERL should be made
cost e�cien t by reusing as much infrastructure of the
existing ring accelerator CESR as bene�cial. The oper-
ation of CHESS should be disrupted as little as possible
while building and commissioningthe ERL, and the facil-
it y should provide spacefor a su�cien t number of X-ray
beam lines. While it could have turned out that reusing
CESR imposestoo many constraints, quite contrary it
hasbeenfound that the 
exibilit y of CESR's magnet ar-
rangement holds several advantages for an ERL design.
In order to extend the spacefor cavities, to make space
for possible upgrades, and to minimize the impact on
CHESSoperation, the layout of Fig. 2 hasbeendevised.
It shows the CESR tunnel and the layout of a possible
linear ERL extension. Electrons from an injector that is
optimized for very narrow and short electron pulses(1)

FIG. 2: Layout of the upgrade of the existing ring accelerator
to an ERL.

would be acceleratedto the right in a �rst linac (2). A re-
turn loop (3) would sendthem into a secondlinac which
is located in the samestraight tunnel (4) and accelerates
to the �nal high energy. An arc (5) injects the electrons
into the CESR ring (6) where they travel counterclock-
wiseuntil another arc (7) injects them back into the �rst
linac, where they are decelerated to half their energy.
The return loop leads the electrons to the secondlinac
sectionwherethey aredeceleratedback to their low injec-
tion energywith which they are �nally dumped (8). The
South half of the CESR tunnel would contain undulators
and would reuse the current facilities of CHESS. Addi-
tionally , new user areas could be created in the North
sectionof CESR (at the top of the �gure) and in straight
sectionsof the linac tunnel. The location of the linac at
a hillside is chosenin such a way that no existing build-
ing foundations interfere and that X-ray beamlines with
easyaccesscan be added betweenthe linac and CESR.

A return arc is also shown which connectsthe arcs (5)
and (7) so that electrons can return to the linacs after
acceleration without passing through CESR. This con-
nection has beenchosenso that the ERL could be built
and commissionedwhile CESR is still usedas a storage-
ring x-ray source. Other advantagesof this upgradeplan
are that most of the CESR tunnel is reused,which creates
spacefor a large number of insertion devices.

The tunnel extension shown in Fig. 2 has a section of
250m with two linacs sideby side. A sketch of a possible
tunnel cross-sectionis shown in Fig. 3. A straight tunnel
housing two linacs, reduces tunnel cost as well as the
required length of cryogeniclines and cables. The tunnel
is laid out longer than required for the two linacs, sothat
an extension of the facilit y by extra undulators or by a
Free Electron Laser can upgrade the facilit y at a later
time.

IV. HIGH BRIGHTNESS ELECTR ON SOUR CES

LEPP and CHESShave obtained funding from the Na-
tional ScienceFoundation to setup a protot yping facilit y
to verify that the required very narrow and short electron
pulsescan actually produced.

This is a major challenge,sinceelectron buncheswith
the number of electrons that the ERL should acceler-
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FIG. 3: Sketch of a crosssection of a tunnel with two linacs.

ate have never been produced as short and as narrow
as needed. Furthermore the ERL needs1.3 billion such
pulsesper second,much more than any similar electron
sourcehas ever produced.

Furthermore we will test that these pulsescan all be
acceleratedto an energy at which they can safely be in-
jected into a Energy Recovery Linac X-ray sourceat Cor-
nell or elsewhere.

While successof research at this protot yping facilit y
would put Cornell in an excellent position to apply for
funding of the full ERL X-ray facilit y, it would also be
of great interest to other institutions who have devel-
oped interest in Cornell's ERL ideas. Dominant among
them are labs in England and in Japan who have already
decided that their next X-ray sourceswill be based in
the Energy Recovery principle that has beeninvented at
Cornell.


