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Résumé :

L'idée du projet ELFE à DESY est de tirer parti de deux installations majeures qui
pourraient exister à DESY (Hambourg) dans les prochaines années pour produire des faisceaux
continus d'électrons de haute énergie destinés à la recherche en Physique Nucléaire : l'anneau à
électrons de 30 GeV du collisionneur e-p HERA déjà existant, le linac de haute énergie du
collisionneur e+ e" TESLA ou SBLC en cours d'étude à DESY.

Dans ce but, il a été proposé d'utiliser l'anneau a électrons de HERA pour transformer en
faisceau continu le faisceau puisé à faible cycle utile qui pourrait être délivré par une partie de
TESLA ou SBLC employée alors comme linac injecteur.

Suite aux recommandations du comité NuPECC, un groupe d'étude composé de
représentants de plusieurs laboratoires européens a été mis en place afin d'étudier la faisabilité
d'un tel scénario et de préciser les performances qu'on pouvait en attendre.

L'objet de cet article est de présenter les grandes lignes du projet ELFE à DESY et de faire
le bilan des travaux qui ont été effectués au cours du premier semestre de cette année.

Abstract :

In this paper, the main outlines of the ELFE at DESY project are described and the
problems associated with the scenario proposed in July 1995 are reviewed.

The results of the feasibility study recently carried out are presented and the achievable
performances of the extracted beam in terms of emittance, energy spread and duty factor are
given.

I) INTRODUCTION

The idea of the ELFE at DESY proposal is to take advantage of two major facilities that
might exist at DESY in the next years :

- the 30 GeV e - ring of the already existing HERA e - p collider
- the high energy linac of the foreseen 500 GeV e+ - e" linear collider TESLA (or SBLC)

Last year, a scenario for using HERA as a Pulse Stretcher Ring (PSR)«fed by the first part
of the TESLA (or SBLC) linac has been proposed by R. Brinkmann of DESY. [1]



The Nuclear Physics European Collaboration Committee (NuPECC) endorsed this
proposal and recommended to set up a study group in order to investigate the technical feasibility
of building ELFE at DESY.

Not long after, this study group composed of accelerator physicists coming from several
european laboratories (University of Bonn, LNS - Saclay, INFN-Frascati, ISN-Grenoble,
NIKHEF-Amsterdam) was formed and B. Frois (IN2P3-France) was asked to coordinate its
activity.

The main objectives were as follows :
- to identify and investigate the technical and accelerator physics problems

associated with the Brinkmann's scheme
- to evaluate the achievable performances of the extracted beam in terms of

emittance and energy spread.

H) OUTLINE OF THE ELFE at DESY PROPOSAL

The intent of ELFE at DESY is to convert the pulsed low-duty cycle (0.4 %, 0.01%) beam
delivered by a part of TESLA or SBLC into a continuous beam by using the HERA e* ring as a
PSR.

The basic concept of a PSR is the following :
- short pulses delivered at low frequency (10 .—» 100 Hz) by an accelerator (linac or

synchrotron) are accumulated in a storage ring
- the stored beam is then slowly extracted from the ring over the time period between

the accelerator pulses by switching-on nonlinear lenses in the ring which induce a
controlled beam instability (resonant growing of particle oscillation amplitudes)

- when the ring is empty, new pulses from the accelerator are stored and the
extraction process starts again

In the case of already operating facilities (ELS A at Bonn, AMPS at Amsterdam, EROS at
Saskatoon, SOUTH HALL RING at MIT-Bates, PSR-2000 at Kharkov), a new storage ring has
been constructed to improve the duty factor of the existing pulsed accelerator.

In our case, the ring is existing but it has been designed for e - p collisions, the linac is to
be built but its primary intent is to accelerate beams for e+ e' collisions.

Therefore, many constraints have to be taken into account.

The preliminary scenario elaborated and proposed last year by R. Brinkmann of DESY was
based on the following assumptions :

- the first (15 - • 30 GeV) part of the TESLA linac is operated at 15 (or 20) Hz
instead of 5 Hz for e+ e' collisions in order to fill HERA at a rate of 10 Hz

- the TESLA pulse length being 800 us, the injection into HERA takes places over
about 40 revolutions in the ring

- the 800 us linac pulses for HERA are divided into micropulses spaced by the
HERA revolution time plus a small gap for the injection kicker in order to allow
on-axis injection. *



- a new RF system operating at a frequency compatible with the R.F. frequency of
TESLA is installed in HERA.

- a beam current of 150 mA is stored in HERA
- a third integer resonance is used to extract the beam over a time of about 100 ms

(~ 5 000 revolutions in HERA)

Under these conditions, the external beam intensity could be 30 u,A with a macroscopic
duty factor of about 88 %.

HI) OUTSTANDING ISSUES

The proposed combination of TESLA (or SBLC) and HERA gives rise to many technical
and beam dynamics issues. There was a general agreement in the study group that the most
important problems to be studied were as follows :

• HERA e-ring

a) Modification of the actual straight section structure.
HERA straight sections have been designed for satisfying the requirements imposed by

e - p collisions. A complex system of bending magnets, collimators, spin rotators and strong
quadrupoles producing low-beta values at the Interaction Point has been installed.

The present layout has to be simplified and optimized for the needs of resonant
extraction.

b) Beam injection scheme.
The optics of the injection region has to be calculated and the feasibility of the fast

kicker allowing on - axis injection has to be analysed.

c) Beam extraction method.
There are some choices to be made : half or third-integer resonance, achromatic or

chromatic extraction. The one-third resonance is preferred for machines with low repetition rates
but its efficiency may fall in the presence of intense synchrotron radiation. Detailed simulations
must be undertaken in order to evaluate the extracted beam performances.

d) New RF system and stored beam intensity.
A new RF system compatible with the TESLA RF frequency is needed to compensate

for energy losses due to synchrotron radiation.
The problem of eventual multibunch instabilities driven by cavities and resistive walls

must be investigated ( I stored =150 mA, 12000 bunches)

• Injector linac
The first 15-30 GeV part of the TESLA linac has to be operated at 15 or 20 Hz instead of

5 Hz for e+ - e" collisions. That will impose some modifications of the present design in order to
cope with the higher cryogenic load.

Beamloading problems should be also investigated and solved in order to avoid a too large
voltage drop over the length of one micro-pulse.



• Beam transport lines
Beam transport lines connecting the injector linac to HERA and HERA to experimental

halls have to be studied.
There are no physical or technical problems in principle but the overall layout of the facility

should be specified and the matching of the TESLA beam emittances to those of the HERA ring
has to be analysed.

The available time for the studies being limited, efforts have been concentrated on the
following points.

- modification of the HERA e-ring lattice for the needs of slow extraction
- beam extraction : analysis of possible extraction methods, effects to be taken into

account, simulation of the extraction process, definition of the extraction channel
- beam injection : optics and hardware, feasibility of the fast injection kicker
- new RF system and multibunch instabilities
- time structure of the injected beam, compensation of beamloading in the injection

linac.

IV) STATUS OF STUDIES

Assuming that TESLA would be the injector linac for HERA, the main problems
associated with the scenario presented by R. Brinkmann have been studied and solved in most
cases.

a) Modification of the HERA e - ring lattice and optics.
The basic modifications of the straight section layout have been made after discussion

with experts of DESY.
All insertions have been replaced by a simple FODO array and two dipole doublets

have been installed at each arc extremity in order to preserve the existing tunnel geometry.
In the arcs, the original optics has been maintained because the phase advance of about

60° per FODO cell has the desirable effect of minimizing the non linear perturbations induced by
sextupoles dedicated to chromaticity correction.

The ring has a fourfold symmetry in order to reduce the number of systematic
resonances and the straight section optics is optimized for meeting the constraints imposed by
injection, extraction and eventual utilization of existing experimental halls.

The FODO array is a juxtaposition of matched optical modules performing specific tasks
and providing a great flexibility for machine tuning :

- dispersion suppressors ensure the transition between the periodic dispersion of arcs to
zero dispersion of straight sections.

- a high beta insertion produces large and constant horizontal beta function at the
extraction sextupoles and at the extraction septum

- a sequence of FODO cells provides the means of controlling the machine tunes.

Computer simulations have shown that this lattice presents excellent properties from the
point of view of beam dynamics.



b) New ring RF system.
The new RF frequency has been fixed to 433.33 MHz (one third of the TESLA RF

frequency).
This choice is a compromise between the request for a high duty cycle and the

possibility of adapting existing klystrons to the required power in CW operation (115 MV and 8.5
MW have to be supplied to the beam of 150 mA at 25 GeV).

Various types of cavities have been considered, single cell or multicell, normal
conducting or superconducting (SC).

SC cavities have been finally chosen because of their advantage from the point of view
of HOM damping and power dissipation.

The characteristics of the new RF system are as follows :
Voltage / cavity 2.75 MV
Number of cavities 40
Power/cavity 210 KW
Cavities / Klystron 4
Power / Klystron 1 MW

c) Time structure of the linac beam, repetition rate.
An extracted current of 30 u.A is needed. Therefore, a current of 142 mA has to be

stored in the ring if it is refilled at a rate of 10 Hz.

With the new ring RF system, the time structure of the linac beam is thus as follows :
- the TESLA pulse (800 us) is divided into 38 micropulses of 0.495 |is spaced by the

HERA revolution time + 60ns.
- each micropulse contains 215 bunches at a spacing of 2.3 ns (Ne/bunch = 2.3109)

As the linac must also produce electron pulses for e+ e" collisions and for eventual FEL
operation, the repetition rate has to be 20 Hz (instead of 5Hz for TESLA).

The increased repetition rate of 20 Hz will imply a larger cryogenic plant and possibly
more klystrons but there are no major difficulties in principle.

d) Injection into the ring.
The on-axis injection system has been studied and the associated optics has been

calculated. Good results have been obtained.
The only potential difficulty was the feasibility of the injection kicker which must be

pulsed at 47 KHz for one injection cycle.
Experts from NIKHEF and DESY have been consulted. The conclusion is that the

demands to this kicker are not out of the today's possibilities.

e) Beam current limitation in the ring, multibunch instabilities.
In storage rings, the beam current is limited by coherent bunched beam instabilities

arising from the interaction between the beam and the environment (cavities, vacuum chamber...)
In the case of ELFE at DESY, the needed high current and the large number of

bunches (8170) make collective effects important.



For longitudinal oscillations, HOMs of RF cavities are the main source of instabilities, for
transverse oscillations, both RF cavities and resistive wall (RW) of vacuum chambers are
important.

In the most pessimistic case, impedances of cavities have been estimated to be :
80 kQ (40 cavities) for longitudinal instabilities
800 kfi/m (40 cavities) for transverse instabilities.

Under these conditions, calculations have shown that, at 15 GeV, the foreseen intensity of
about 150mA was close to the limiting value.

For RW effects, the calculated impedance gives, at 15 GeV, an instability rise time which is
about 10 times lower than the radiation damping time.

The consequence is that a transverse bunch to bunch feedback is absolutely necessary.
According to experts of DESY, a lot of R and D has to be put into it. Fortunately such
developments are under way for B. factories (KEK, PEP2).

f) Beam extraction.
One of the most crucial problems of a stretcher ring is the beam extraction.
There are many choices to be made in order to define the optimal scheme from the

point of view of the extracted beam performances in terms of emittance, energy spread and duty
factor.

The method usually being applied is resonant extraction which consists in switching-on
nonlinear fields in the ring in order to excite a betatron resonance and to induce a controlled beam
instability.

Particles thus perform oscillations with growing amplitudes until they are intercepted
by an extraction septum and guided towards the extraction channel.

The betatron instability may be a half integer or a third integer resonance. In our case,
the third integer resonance has been chosen because it allows in principle a better control of the
spill over long extraction times. This choice implies that the working point is close to a non
systematic third order resonance driven by dedicated sextupoles.

The transverse phase space is thus divided into two parts :
- a stable region having a triangular shape enclosed by the so-called séparatrices
- an instable region located outside the séparatrices.

The area of the stable region is defined by the distance between the machine tune and the
resonant tune, the strength of sextupoles and the beta function at the sextupoles.

One way to extract all particles is to slowly move the tune towards the resonance. The
stable area thus shrinks to zero and all particles have unstable motion. The emittance of the
extracted beam is determined by the pitch at the septum and the angular spread of particles. A high
extraction efficiency (percentage of particles not intercepted by the septum) is obtained by using a
septum as thin as possible.

The beam is ejected towards the inner side of the ring because existing experimental halls
have more space in this direction.

The extraction parameters have been chosen in order to maintain the envelope of the beam
during extraction within the existing vacuum chamber of HERA, they also lead to a good balance



between the extracted emittance and the extraction efficiency (99% for a septum thickness of 50
urn).

At energies of 15 - 25 GeV, the effect of synchrotron radiation on beam charateristics is so
strong that it is impossible to neglect it and to use analytical models for calculating the
performances of the extracted beam.

The only way to estimate the emittance and energy spread of the beam extracted from
HERA is to use a computer code (MAD) which simulates nonlinear particle motion in circular
accelerators in the presence of synchrotron oscillations and photon emission.

For the calculation of the extracted beam performances, extensive particle tracking
simulations have been performed.

The injected beam was assumed to have the equilibrium emittances of the HERA e-ring
and to consist of 1000 particles. To simulate a complete extraction cycle, these particles were
tracked over 4700 turns.

Results obtained from several runs corresponding to various extraction conditions (zero or
finite chromaticity, constant or variable tune, constant or variable RF phase) have shown that the
following performances could be achieved (assuming that effects of eventual perturbations could
be corrected).

Energy (GeV) 15 20 25

Efficiency (%) 98 99 99

Horizontal emittance (nm.rad)
(90% of particles) 4 7 12

Energy spread
(90% of particles) 1.7 lO'3 2.2 10"3 310°

The emittance is thus well within the specifications of the original ELFE proposal (10 nm-
rad at 15 GeV) but the energy spread is larger than the foreseen values by a factor 4 at 15 GeV
and 2 at 25 GeV.

It has to be noticed that other extraction conditions (non-zero chromaticity) can be found
for reducing the energy spread by a factor 2 but the emittance is in this case very large (130 nm-
rad).

g) Miscellaneous problems.

• General layout and linac-to-ring transfer line.

The exact layout of TESLA in the HERA environment is not known at present.
However, based on some preliminary drawings, no fundamental problems are foreseen.
The matching of the TESLA beam emittances to the HERA ring emittances can probably

be done in the linac-to-ring transfer line which is expected to be very long (8 kms) if it is installed
in the tunnel to be built for TESLA and its positron damping ring presently under consideration.



• Experimental halls.

The extracted beam is supposed to be directed towards the inner side of the existing
experimental halls. As their maximum dimensions in this direction are about 25 m x 32 m (length x
width), it will be necessary to verify that the foreseen detectors fit into these halls.

V) CONCLUSION

The task of the machine study group was :
- to identify and solve the problems associated with the ELFE at DESY proposal

suggested by R. Brinkmann,
- to evaluate the achievable performances of the extracted beam in terms of

emittance, energy spread and duty factor.

These two objectives have been met within the foreseen time schedule :
- solutions have been found for all most relevant problems and no unsurmountable

difficulties have been encountered, (the control of beam instabilities being
nevertheless probably not easy)

- the achievable performances of the extracted beam have been calculated assuming
that the effects of machine imperfections could be corrected. They are
summarized hereafter.

Energy range 15 to 25 GeV
Maximum current 30 uA
Macroscopic duty factor ~ 88 %
Bunch spacing (433.33 MHz) 2.3 ns

Minimum horizontal emittance (90 % of particles) 4nm.radat 15 GeV
12 nm.rad at 25 GeV

Associated energy spread (FWHM) 1.210'3 at 15 GeV
2.210° at 25 GeV

Reference : [1] R. Brinkmann, on a continuous electron beam option at the TESLA and S-Band
linear colliders, DESY-TESLA-95-14.


