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DELTA Group, University of Dortmund, FRG

bstract

DELTA ia a test facility for development of accelerator components and
various FEL devices operating from visible to XUV regimes. The maximum
electron energy is 1.5 GeV. The subjecta to be investigated with DELTA
are improvement of accelerator beam quality by developing mode-damped
cavities, monitora, and undulator devices.

The present statue of the accelerators (racetrack microtron, bouster
eynchrotron and storage ring) and the first FEL experiment are described
and the time achedule is given [1].

Introduction

The Dortmund ELectron Test Accelerator facility DELTA is funded
since Novemnber 1989, It consists of 2 100 MeV racetrack microtron, a full-
energy booster synchrotron (BoDo) and a storage ring (SR-DELTA) with
an energy variable from 500 MeV to E,,4; = 15 GeV (Fig. 1).

The storage ring ie a "Lthird generalion light source”. Its emitlance is
variable from e(JGeV) = 4-107° to 1077 rad - m (uncoupled) by chang-
ing the optice. The circumf{erence 18 1152 m. Two arcs with triplet-cell
structure are separated by two 20 m dispersion-free straight sections for
experimental ingertions. Various FEL's with wavelength from the visible to
the XUV tegime can be placed there ag an experiment. Furthermore, inves-
tigations of mode-damped cavities, monitor development, and beam-quality
improvement by feedback systerns and apecial accelerator components are
planned.

BoDo is designed as a ramped storage ring with FODO lattice. Special
problems, like accumulation of high current and ion effects at low energies
(<20 MeV), will be inveatigated.

The racetrack miceotron with a 5 MeV injector is pulsed with a repeti-
tion rate of 100 Hz. Its output energy is stepwise variable belween 20 MeV
and 100 MeV (maximum) by a extraction magnet which can be mounted
at different return paths.

Besides our own experimental program, DELTA ehould serve g a test
facility for external groups using the storage ring for ahort-term single-user
experiments utilizing very special beam qualities.
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Fig. 1: The DELTA facility

The Storage Ring SR-DELTA

The lattice of SR-DELTA haa a fourfold eymetry. The two long,
atraight sections are ured for experiments, whereas, the arcs with a triplet-
cell magnet structure remain untouched. Fig. 2 shows the optical functions
for operation of an optical klystron (FELTICITA 1) irstalled in one of the
experimental sections. The various optics guarantee zero dispersion in the
straight sections. [2);

A list of machine parameéters ia given in Tab. 1. To compensate the
natural chromaticity 2-4 families of separate sextupole magnets are fixed

at the yoke of the quadrupoles (Fig. 7). With correction to § = +1 the
horizontal dynamic aperture is 0, = 37.5 atandard deviations at 1.6 GeV.
The accelerating frequency is 500 M Hz. For the start-up phase a one-cell
DORIS-type cavity is foreseen.
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Fig. 2: The optical functions of SR-DELTA operating with the optical klys.
tron (one half of the ring).

SR-DELTA BoDo
Circumference L [m] 1152 60.4
Nutuber of Dipoles ny 22 20
long 110m 18 16
short 0576 m 6 4
Bending Aadius Riend [tn] 33 33
Number of Quadrupoles e 13 M
long 04m 8 -
short 0.2m &5 "
Tunes Qs 9.285 3107
Q. 2613 3226
Natural Emittances:
0% roupling £y [m-rad] 1.1-107* 38.10°7
100%, coupling [ {in-rad] 06-10* 1.90-10-7
Maotentunt Compaction It 4.75 - 1072 9.0.107?
Nuturad Chrotnutivity [ -19.41 -6.38
£, -6.49 -5.43
Damping Tinies:
horizontal T {msec| 8.668 4.75
vertical T {insec] 8.45 an
Synchotron Damping Time r, [msccl 417 1.67
Revolution Frequency Ir {kHz] 2602.37 5948.26
Encrgy Spread AEJE 7.00. 104 672104
Enecrgy Loss / Turn AE eV] 136.48 136
Accclerating Frequency far MHz] 500 500
Harmonic Number . q 192 84
Nuiuber of Cavities n. 1 (1 cell) 1 (3celt)
Rf Power Pew W) 60 60

Tab. 1: Parameters of SR-DELTA (optical-klystron operation) and BoDo
for 1.5 GeV.

The Booster Synchrotron BoDo

BoDo, the booster synchrotron, is designed as a ramped storage ring,
to allow experiments on low energy injection and accumulation (from 20 to
100 MeV) and investigation of ion effects, respectively. The energy varies
from 100 MeV (20 MeV) 1o 1.5 GeV. Al a first stage BoDo is operated
with a repetition rate of 1/5 Hz as preaccelerator for SR-DELTA. At a
later time this will be raised to 3/2 Hz [3].

The lattice has a fourfold symetry for which the same magnets are usea
ag for SR-DELTA. The optical functions are ehown in Fig. 3 and the
parameters are listed in Tab. 1. At 1.5 GeV BoDo has an emittance of
€=18-10"7 rad - m (uncoupled). Racanre of the weak sextupole strength
noccesary for correcting the chromaticity (Mmee = 1.4 1/m?) rextupoles
are integrated in the quadrupoles by additional coils. Using the same vac-
uum chamber a8 for S-DELTA the dynamic aperture of BoDo is 14.7
standard deviations at 1.5 GeV. The RF aystem (Fig. 9) is the same as
used for SR-DELTA but the accelerating structure is 8 3-cell DESY-type
cavity.
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Fig. 3: The optical functions of the booster synchrotron BoDo (one half of
the ring).

The Racetrack Microtron

For preaccelerating to an energy of Eyar = 100 MeV a racetrack mi-
crotron with an injector LINAC section of 5 MeV is foreseen. It has 19
parallel return pathe separated by 3.18 cm. The energy gain is 5 MeV
per revolution by using of 3 GH 2 accelerating structure. The layout of the
machine is shown in Fig. 4, the parameters are listed in Tab. 2.
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Fig. 4: Layout of the racetrac microtron.
Output Evergy Eout IMeV] 100
1. Orbit Parameter v 1
2. Orbit Prarameter H 50
Injection Energy Ei, [MeV) 5
Total Number of Orbits 19
Magnetic Ficld Strength B [} 1.048
Spaciug between Ocbite d {em] 3.18
Dinineter of First (lnner) Orbit & fem] 6.37
Dinneter of Last {outer) Orhit dis [em] 61.66
Total Orhit Length frnd 112.18
Ocbiting Tine:
Firnt Orhit t) |nacc] 16.68
Last Orhit te [nsec] 22.68
Total Liotal [nsec] 374.08
Magnet Gap Width feru) 5
Distaace hetween Magnets [m] 24
(effective field boundary)
Rf-System:
Number of Klystrona t
Structur-Type Standing Wave g=1 x-Mode
Operating Wavelength A fewi] 10
Energy Gain per Tum AE [MeV} 5
Eniittance ] [x mm mrad] ~1

Tab. 2: Parameters of the racetrack microtron .

Control System

One goal of DELTA is the integration of an expert systern into the
control system to simplify machine handling, However, for firat operation
a modular control system will be available (Fig. 5). The level of display,
shown in the upperline of Fig. 5, allows a status control of the machines and
enables the operator to quickly change the various machine parameters. For
these purpores OSF-MOTIV and InterView {4] is usnd. The level of control
represents o database containing all informations of the machines. For the
process level VME crates are used to contro! all devices of the field level
via ARCNET or BITBUS. The three levels shown at the top of Fig. 5 are
connected by an ETHERNET bus system
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Fig. 5: Block diagram of the DELTA control systemn.

Monitors at DELTA

For the necessary control during operation the beam parameters are
permanent]y measured by various monitors. For this aim, beam position
(BPM) and intensity monitors are implemented, as well as pick-up elek-
trodes for determining betatron tunes and synchrotron frequency. The
BPM’'s are of the 4-button pick-up type (Fig. 6) with a relative resolu-
tion of 10 pm and an absolute accuracy of better than 150 um rms. By an
electronic circuit {block diagram in Fig. 6) the signals of the four buttons
are amplified sequently but only the 500 M H z component is used to get the
position information. For the intensity measurement two types of monitors
are installed in SR-DELTA and HoDo. One measures the DC component
of the electron beam only, whereas the other is used for fast single-bunch
detection. For this purpose the monitor developed by K. Unser {5} is im-
plemented. The tunes and synchrotron frequency are measured by using
BPM-type pick-ups after exciting transverse and longitudinale beam oscil-
lations (6).
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Fig. 8: Beam position monitor with block diagram of the electric circuit,

Magnets of SR-DELTA and BoDo

For SR-DELTA and BoDo magnets of identical design are used (Fig.
7). Straight dipoles are constructed with a length of 1.10 m, & gap height
of 6 crn and a gap width of 24 cm. The magnetic field is 1.52 T at 1.5 GeV.
For this field the current of the magnets ia 995 A at 17 V (64 windings).
The quadrupoles of 20 cm and 40 cm length have & pole radius of 35 mm
and coils with 188 windings. For maximum excitation the current is 57 A
at 26 V and 37 V, respectively.

Vacuum System of SR-DELTA and BoDo

The stainless-steel vacuum chambers of SR-DELTA and BoDo have
an antechamber at the inner side of the ringa for installing integrated pumps
(Fig. 8). In SR-DELTA non-evaporable getter pumps (NEG) and dis-
tributed ion getter pumps (DIP) are implemented, whereas in BoDo, dis-
tributed NEG pumps and separateion getter pumps are foreseen, To obtain
the operating pressure of these pumps (10=3 Fa) movable turbo molecular
pumping units are used sector-wise. With this concept an absolute pres-
sure of 1077 Pa can be reached at operation with maximum beam current,
which ia necessary to achieve beam lifetimes of the order of 10 houres.
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Fig. 7: Combined view of dipole, quadrupole, and seztupole with vacuum
chamber in place.

Fig. 10: The first FEL experiment, FELICITA I, inserted in one of the
straight sections of SR-DELTA.
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Bram Fuergic [ MoV} 500 1000 500 1000
Resonant Wavelength A ) s 104 IL) 104
Average Cucrent (4 bunches) A| 120 240 120 240
g Peak Content ! [A]] :g . ::os :00 ;s:
g Max Can [ %) }
BoDo NEG Qhin / Peok Curtent el 10°4) e st s 22
Average Oulput Tower ot wi [13-] 13 ] 165 328

Tab. 3: Parameters for FELICITA 1 for FEL and optical-klystron opera-
tion and erpected data (worst case estimates).

Time Schedule

Construction of the buildings will start at the end of the year. It will
be ready for installation of the accelerators in autumn 1991. The different
For heoth machines the same type of klystron with Pow = 60 kW is used. machines will be built up in parallel. The microtron is expected to go into
To save costs for installing circulators, we might use electronic switches in operation at the end of 1992 In July 1993 BoDo will be finished and the

order to avcid damage of klystrons by power reflection. A block diagram of total facility enters the test phase at the end of 1993.
the RF system in given in Fig. 9.

Fig. 8: Vacuum-chamber cross sectton and ditrtbution of pumps for SR-
DELTA and BoDo, respectively
RF System
The accelerating frequency for SR-DEUTA and Bolo is 500 M Hz.

Conclusion
The storage-ring project DELTA has overcome most of the planning
phase and hardware quotations are asked for. Therefore, a status report is
under preparation which gives more detailed information. (1]

cavity
MG tuning
Rferences
camparator control (1} DELTA Group; Status Report; in preparation.
To other PS: Phase shifter {2} D. Schirmer, DELTA; Entwicklung von Strahloptiken fiir den Test-
components MG: Main generator speicherring DELTA aul Basis der Triplett-Struktur; Diploma Thesis
PM: Phase modulator PA: Preamplifier 1989,
AM: Amplitude modulstor PID: PID-regulator [3] W. Bothe, DELTA; Magnet Circuite for DELTA; presented at this
H conlerence.
Fig. 8: The RF system of SR-DELTA or BoDao. [4] A. Lipton et al.; Composing User Interfaces with InterViews; IEEE
The First FEL Experiment FELICITA 1 Software 1989. ) o {« BEAM Intensit
To study the behaviour of SR-DELTA with FEL operation and to get 15 s U‘r:ser,'(il‘ilt‘hll’; rggﬁ;ﬂ%g‘s;%‘;ﬁ; Testsofa D nlensity
. . . ’ . O O] 271 i 5 - - .
expenence, & firet expe}'lment, FELICITA 1, is under ?onstructlon (F}g. (6} U‘O(g‘el'tzger DEL:I‘A' Entwicklung eines Verfahrene tur Bestimmung
10). Itfa main part consists of 2 4 m long, electromagnetic undulat.or wvlth des Arbeitspunktes fiir Teilchenbeschieuniger; Diploma Thesie 1990.
16'permds of 25 em length each. FEILIC]TA I can be o?erated with l‘ng,h {7] F. Brinker ct al; DELTA, a New Storage-Ring FEL Facility at the
grin and low-output power ag an optical klystron (for which only 7 periods U- iversity of Do,rtmund' lto be published in Nucl. Instr. and Meth.
are uned) and with low gain and high-output power in a FEL mode (using n ¥ ! P ’ '

all periods equally powered) (Tab. 3) [7]. Depending on storage-ring energy
the resonant wavelength is 418 nm at 500 MeV and 104 nm at | GeV,
respeclively. In alater stage of development SR-DELTA shall drivea 14 m
long permanent magnet undulator with gain values of 3-5 in the wavelength
regime below 100 nm (FELICITA 11) [7].



