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Abst ract 

HISTRAP is a proposed synchrontron-cooling
storage ring optimized to accelerate, decelerate, 
and store beams of highly charged very-heavy ions at 
energies appropriate for advanced atomic physics 
research. The ring is designed to allow studies of 
electron-ion, photon-ion, ion-atom, and ion-ion 
interactions. An electron cooling system will pro
vide ion beams with small angular divergence and 
energy spread for precision spectroscopic studies and 
also is necessary to allow the deceleration of heavy 
ions to low energies. HISTRAP will be injected with 
ions from either the existing Holifield Heavy Ion 
Research Facility 25-MV tandem accelerator or from a 
dedicated ECR source and 250 keV/nucleon RFQ linac. 
The ring will have a maximum bending power of 2.0 T·m 
and have a circumference of 46.8 m. 

I nt roduct ion 

The success of the antiproton beam cooling work 
at the high-energy physics laboratories has greatly 
increased interest in synchrotron-cooler-storage 
rings for lower-energy atomic and nuclear physics 
studies. This interest has resulted in the ring pro
jects at Aarhus,! Stockholm,? Heidelberg,' Tokyo,4 
and Darmstadt,S which are mostly for heavy-ion physics 
research. Other ring projects at Indiana,h Uppsala,7 
and Julich R exist for light-ion physics research. 
HISTRAP, Heavy-Ion Storage Ring for Atomic Physics; 
is a proposed 2.0-T·m synchrotron-storage-cooler ring 
to be located at Oak Ridge National Laboratory (ORNL). 
HISTRAP will be injected with ions from either the 
existing Holifield Heavy Ion Research Facility 
(HHIRF) 25-MV tandem accelerator q or from a dedicated 
electron cyclotron resonance (ECR) source and 250 
keV/nucleon radio frequency quadrupole (RFQ) linac. 

The following desired capabilities for atomic 
physics research controlled the ring design: the need 
to accumulate, store, accelerate and decelerate 
highly charged very-heavy ions; the need for electron 
beam cooling to provide beams with extreme angular 
and energy resolution for precision spectroscopic 
studies; the need to study interactions between the 
circulating ion beam and internal fixed targets; the 
need to study interactions between extracted ion 
beams and external fixed targets; the need to study 
electron-ion interactions with circulating beams; the 
need to study photon-ion interactions with circu
lating beams; and the desire to store beams with 
multiple charge states separated by up to ± 4%. This 
charge state requirement is equivalent to a momentum 
acceptance of t 4%. 

The proposed HISTRAP facility shown in the lower 
left of Fig. 1 fulfills these needs. The ring has a 
circumference of 46.8 m and is designed for beams 
with magnetic rigidities between 0.1 and 2.0 T·m. 
The lattice, shown in Fig. 2, consists of four 90 0 

achromatic bends connected by dispersionless straight 
sections. Each achromat consists of two 45 0 dipoles 
separated by a quadrupole triplet. The magnet aper-
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tures were chosen for an injected-beam acceptance of 
40'lf mm·mrad in both the horizontal and vertical planes. 
The four long straight sections are each 4-m long. 
One straight section is required for the injection 
septum and the rf acceleration/deceleration cavity. 
Another straight section contains the electron beam 
cooling system. Eventually, another straight section 
will contain apparatus for a future resonant slow
extraction system to feed external beam lines. The 
last straight section has been kept completely free 
of accelerator hardware to allow space for apparatus 
to do in-ring experiments with stored ions. 

Lattice 

A four-sided lattice was chosen because of space 
constraints. Because it is desirable to have injec
tion, acceleration, extraction, cooling, and most 
internal experiments in dispersionless regions, all 
four 90 0 bends were chosen as achromats giving only 
dispersionless straight sections. The resulting lat
tice shown in Fig. 2 is four-fold symmetric and each 
achromat has reflection symmetry about its center. 
The achromats consist of two 45 0 dipoles separated by 
FDF quadrupole triplets. This lattice appears to 
minimize the number of quadrupoles, gives a small 
vertical p function in the dipoles, and gives a small 
dispersion function in the quadrupoles. The disper
sion function must be small if more than one charge 
state is to circulate in the ring with reasonable 
quadrupole apertures. More complicated lattices seem 
to give no overall advantage. The horizontal and 
vertical tunes of the ring were chosen to be near 7/3, 
which avoids structure resonances and facilitates 
extraction by slow excitation of a sextupole reso
nance. In particular, Vx = 2.3088 and Vy = 2.2744 
were used in the lattice calculations. The resulting 
p functions and the dispersion function are shown in 
Fig. 3. The lattice parameters are listed in Table 1. 

A maximum dispersion function of 1.5 m occurs in 
the F quadrupoles. This dispersion corresponds to a 
displacement of ~ 6 cm for cocirculating charge states 
separated by + 4%. The maximum vertical p function 
occurs in the dipoles and is 5.7 m. In the straight 
sections the horizontal and vertical p functions are 
about 10 m and 5 m, respectively. About p ~ 10 m 
gives an optimal cooling rate for ions with an energy 
of 50 MeV/nucleon, an emittance of 40'lf mm·mrad, and 
an electron thermal temperature of 0.1 eV. 

As listed in Table 1, the natural chromaticity of 
the lattice is given by rx = -6.1. In order to have 
cocirculating charge states of the same species in the 
storage mode, it may prove necessary to cancel this 
chromaticity by using families of sextupole and higher 
order correction magnets. Since all the quadrupoles 
are in dispersive regions, this cancellation can be 
achieved locally as shown in Fig. 2 by placing a sex
tupole magnet next to each quadrupole magnet giving 
four sextupole families. 

Tandem Injection 

The highest-charge-state beams for HISTRAP will 
be obtained with tandem injection. Table 2 summarizes 
the expected properties of tandem beams injected into 
HISTRAP. To calculate the number of injected ions 
per pulse or cycle in Table 2, Ninj, a source inten
sity of 200 uA for the tandem was assumed. About half 
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Fig. 1. Plan View of the proposed HISTRAP facility as an addition to the HHIRF. The 
storage ring in the lower left will be injected with ions from either the exist i ng 25-MV 
tandem accelerator or from a ded i cated ECR source and RFO preaccelerator. 

Table 1. Parameters of the Synchrotron Lattice 
Obtained from SYNCH Calculations 

Magnetic rigidity 
Circumference 
Long straight (4) 
Dipole (8) 

Ouadrupo1e (12) 
OF (8) 
00 (4) 

Tune 
Chromat i city 
Beta function 

Dipole 
Ouadrupole 
Straight 

Dispersion function 
Dipole 
Ouadrupo1e 
Strai ght 

Bp = 2.0 Tm 
C = 46.7577 m 
9. s = 4.0 m 
p = 1.6666 m 
A = 45° 
9.0 1.309 m 
9.0 0.5 m 
GF 3.6977 T/m 
GO -4.1769 T/m 
\Ix 2.3088 
r x -6.1846 

11.4 m 
12.2 m 
10.5 m 

0.49 m 
1.51 m 
o m 

2.2744 
-1.5242 

5.7 m 
5.0 m 
4.9 m 

of this intensity level has recently been demonstrated 
with the tandem accelerator operating in a pulsed 
mode suitable for HISTRAP injection. IO For these 

tests an ax i al geometry cesium plasma sputter nega
tive ion source was used. II In addition to the 
charge fract i ons from the two stripper foils, a 
transmi ss i on of 40% through the tandem was assumed, 
and a 20% loss was allowed for rf capture. Since the 
~xpected emittance of the beam from the tandem in a 
pulsed mode is about 2n mm'mrad and the acceptance of 
the synchrotron i s 40n mm'mrad, i t is believed that 
at least ei ght turns can be i njected allowing a 40% 
filling of the synchrotron betatron phase space. The 
space-charge limit per pulse, Nsc • was ca l culated 
using a bunch i ng factor of 50% and A\I = 0.08 . The 
Keil-Schnel1 limi t per pulse, Nks. was calculated 
us i ng AP/P values resulting from straggling i n a 
200-ug/cm2 carbon stripping fo i l. The number of 
injected ions corresponds to a time averaged current 
of 0.3 pnA for light ions and 0.03 pnA for very heavy 
i ons. Figure 4 shows the ma xi mum energy for these 
i ons in HISTRAP. Light ions with O/A = 1/2 wi ll be 
accelerated to 48 MeV/nucleon. whereas the very-heavy 
i ons will be accelerated to about 7 MeV/nucleon. 

Inject i on i nto HISTRAP from the tandem accelera
tor will requi re rotat i on of the exi st i ng 90° energy
analyzer magnet to the new transfer l i ne shown in 
Fig. 1. The energy-analyzer magnet produces a double 
wa i st at wh i ch i mage slits control the tandem voltage 
and hence beam energy. The 23-m long transfer l i ne 

1~h 

is div ided into three sections: a stri pping section, 
an achromatic section, and a match i ng sect i on. The 
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Fig. 2. The synchrotron-cooler-storage ring con
sists of four 4-m-long straight sections connected by 
90° achromatic bends. Each achromat consists of two 
45° dipoles separated by a quadrupole triplet. 

fo i l at the double waist interfacing the strippi ng 
and achromatic sections wi ll stri p the ions to the 
charge states listed in Table 2. Sl its in the center 
of the achromat, dispersion = 1.5 m, will select the 
desired charge-state for injection. The aperture at 
the double waist interfacing the achromatic and 
match i ng sections will separate the 10-q Torr tandem 
accelerator and transfer line vacuum from the 10- 12 
Torr HISTRAP vacuum. Mult i turn i njection wi ll be 
achieved by using an orbit bump in the horizontal 
plane. 

Table 2. Properties of Beams from Tandem at Injection 

Beam Charge E/A "P/P Nint Nsc Nks 
(MeV/ (%) --- particles/pulse)---

nucleon) 

12C 6 4.0 0.058 3.2 10 9 1.3 10 10 1.5 109 
160 8 4.0 0.058 1.3 109 0.9 10 10 1.2 10 9 

32S 15 7 .6 0.031 8 .1 lOll 1.0 10 10 3.6 lO ll 
40Ca 18 6.6 0.035 6.3 lOll 7.7 109 3.4 lOR 
51lNi 24 5.3 0.042 4.6 lOR 5.1 10 9 3.3 lOR 
79Br 27 3.9 0.053 4.0 lOll 4.0 10 9 4.1 lOll 
127 I 36 2.8 0.070 3.3 lOR 2.6 10 9 4.6 lOA 
ISONd 38 2.4 0.079 3.3 lOA 2.3 10 9 5.3 lO A 
197Au 40 1.9 0.098 2.9 lOR 2.2 109 7.8 lOA 

ECR-RFO Inject i on 

Since the HHIRF tandem accelerato r is the primary 
instrument for the heavy-ion nuclear physics program 
at ORNL, its availability for HISTRAP injection wi ll 
be limited. Consequently, a dedicated injector con
sisting of an ECR source and RFO linac preaccelerator 
is included i n the HISTRAP proposal. Th is second 
injector will produce 250 keV/nucleon beams with a 
lower charge-state than can be obtained from the 

tandem accelerator. In add i tion, the number of ions 
per pulse which can be injected into HISTRAP with the 
ECR-RFO source will be smaller than that with the 
tandem accelerator. The beam from the RFO, as shown 
in Fig. 1, will be merged into the tandem transfer 
line before the common match ing section. 

The multicharged ion source will be almost iden
t i cal to the ORNL ECR ion source which has been i n 
operat i on since March 1984, reliably producing ion 
beams of a wide range of atomi c species and charge
states. 12 Ions from the ECR source will be charge
state analyzed and transported to an RFO linac. The 
conceptual design for this RFO was developed in collab
oration with the Lawrence Be rkeley Laboratory group, 
which has successfully built two heavy-ion RFO's.13 
Some parameters of th i s RFO are listed i n Table 3. 
It will accelerate i ons with O/Abetween 0.50 and 
0.17 from 5 keV/nucleon to 250 keV/nucleon over a 
length of 2.4 m with a peak rf power input of 30 kW. 
The strongly diverging exit beam from the RFO will be 
focused onto the entrance aperture of a debuncher 
located 110 cm down beam. This debuncher will be 
used to match the longitud i nal emittance of the i on 
beam to the longitud i nal acceptance of HISTRAP and i s 
sized to reduce the momentum spread from about 1.0% 
to about 0.3%. The number of ions the ring will hold 
with injection with the RFO is substantially less 
than l i sted in Table 2. The maximum acceleration 
energies for these ions in HISTRAP are also shown i n 
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Table 3. Summary of RFO Linac Parameters 

Design ion 
Frequency 
Input ene rgy 
Output energy 
Vane length 
Average bore radius (ro) 
Maximum surface field 
Vane-vane voltage 
Peak rf power 
Cavity radius 

lQ7Au+ 33 

228 MHz 
5 keY/nucleon 
251 keY/nucleon 
236.6 cm 
1.42 mm 
28 MV/m 
29 kV 
30 kW 
13.7 cm 

ends and all laminations will be parallel requiring 
22.5° beam entrance and exit angles. Each of the 
eight dipole cores will be 120 cm long, 89 cm high, 
77 cm wide, and weigh about 7 tons. Each magnet will 
be excited by 40 turns of 4.5 cm x 1.6 cm copper con
ductor with a peak curent of 1760 A. At full excita
tion each dipole will require 16 kW for the resistive 
loss and contain 20 kJ of stored energy. The pro
posed design and construction closely follow that 
used for the BNL NSLS VUV dipoles. 14 

The most stringent quadrupole aperture require
ment occurs for the F lens with the ring operating in 
the multiple-charge-state storage mode. In this mode 
it is assumed that three beams with AO/O = -4%, 0%, 
+4% must be stored and that each beam has F = 13n 
mm·mrad with AP/P = ±0.10%. Figure 5 shows the F 
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Fig. 4. Maximum ion energy from HISTRAP as a func
tion of mass number with injection from either the 
tandem accelerator or injection from the ECR and RFO 
preaccelerator. For injection from the RFO two cases 
are shown: a high-charge-state low-current case (1 
nA) and a low-charge-state high-current case (1 uA). 

Magnet System 

The "CD type dipoles will allow merged ion-laser 
beam experiments and easy access to the vacuum 
chamber. A 7.0-cm dipole vertical gap is required: 
4.5 cm for betatron motion and closed-orbit errors 
and 2.5 cm for beam pipe, bakeout insulation and 
shims. THe maximum horizontal good field re~uire
ments of 12 cm occurs for slow extraction of a full 
40n mm·mrad beam. Because of the 12.7-cm sagitta 
the dipoles will be curved to follow the central tra
jectory. For simplicity of construction, the magnet 
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Fig. 5. Aperture requirement in the F quadrupole. 
The beam centered at +6.0 cm (AO/O = ±4%) has £ = 13n 
mm·mrad with AP/P = 0.1%. This beam requires a good 
field at 8.5 cm which in turn determines the bore of 
18 cm and pole-tip width of 15 cm. For comparison a 
central full beam of F = 40 n mm·mrad with AP/P = 

250 0.3% is also shown. 

137 

quadrupole aperture requirement for this case. The 
± 4% charge-state beam centered at x = +6.0 cm has 
F = 13n mm·mrad as required. The aperture required 
for betatron oscillations, momentum spread, and 
closed-orbit errors is shown. This beam requires a 
good field radius of S.5 cm, and a field derivative 
accuracy of ±0.05% out to this radius requires a 
quadrupole with an 1S-cm bore. Space for beam 
pickups, beam pipe, and bakeout insulation is also 
shown. For illustration, a central beam with £ = 40 
n mm·mrad with AP/P = 0.3% is shown. At the nominal 
tunes, the quadrupoles require a gradient near 4.2 T/m 
with an effective length of 50 cm. The quadrupoles 
will have a cross sectional area of SO cm x SO cm 
a core length of 42 cm, and will weigh 1.S tons. ' 
Each pole will require a peak current of 165 A in 95 
turns. Both the dipole and quadrupole magnets will 
be constructed from from 1.5-mm-thick laminated 
magnet steel. 

Proceedings of the Eleventh International Conference on Cyclotrons and their Applications, Tokyo, Japan

137



The power supply requirements are dom i nated by 
the power converter needed to excite the di poles. 
Th i s power converter has been sized at 700 kVA, the 
approximate level used to drive the BNL NSLS booster 
dipoles. Wi th the ei ght dipoles connected i n seri es, 
wi th the ma xi mum res i stive power, and with a 20% 
safety marg i n, th i s 700-kVA supply can dri ve the 
i nduct i ve load at a rate equivalent to a B of 1.7 
T/s. Th i s supply can thus ramp the di poles from the 
0.6-T i nject i on level to the max i mum 1.2-T level in 
0.35 s. Wi th the assumption of 0.1 s for i njection 
and rf capture and a 50% experimental duty factor, 
a mi ni mum total cycle time of 1.6 s is estimated. 
The twelve quadrupoles have been div i ded i nto three 
circuits wi th 56-kVA power supplies per ci rcu i t. 

RF Acceleration/Deceleration System 

The rf system wi ll accelerate and decelerate ions 
i njected from ei ther the ·tandem or the RFO l i nac. 
The rf cav i ty voltage requ i red for accelerat i on, the 
rf cavity voltage requ i red to capture the beam energy 
spread, and the rf frequency range all depend on the 
inject ion mode , charge-to-mass rat i o, ki netic energy 
per nucleon, and stripp i ng fo i l configurat i on. These 
rf needs were analyzed in terms of the reference ions 
listed i n Table 2. Analysis showed that a peak rf 
voltage of 2.5 kV/turn i s more than adequate for all 
appl i cations. A frequency range of at least a factor 
of ten i s needed, part i cularly to decelerate the 
heav i est ions. To use the same cav ity for all appli
cat i ons, the harmon i c number must be vari ed to match 
the spec i f i c case. Ions i njected from the tandem and 
RFO wi ll normally be accelerated wi th the first and 
second harmon i cs, respect i vely, whereas decelerat i on 
wi 11 requ i re much hi gher harmon i cs. 

A frequency range of a factor of ten requ i res the 
use of MnZn ferr i te wh i ch i s noted for i ts wi de Per
meab i lity range. Th i s ferr i te select i on restricts 
the pract i cal tun i ng range to a maximum frequency of 
about 2.5 MHz. Cavity parameters wh i ch meet these 
criteria are listed i n Table 4. A cav i ty conf i guration 

Table 4. rf Cav i ty Characteri st i cs 

Tun i ng range 
Overall 1 en gth 
Inner conductor OD 
Outer conductor ID 
Beam tube ID 
Ferri te ri ngs 

Materi al 
ID 
OD 
th i cknes s 
number 

Cool i ng for ferr i te 
Cooling for copper 
Number of accelerat i ng gaps 
Peak rf voltage per gap 
Total peak rf dr i ve power 
Ferr i te permeabi l i ty range 
Peak ferr i te bias current 
Peak bi as supply voltage 

0.2 to 2.5 MHz 
1.2 meters 
0.3 meters 
0.5 meters 
0.2 meters 

MnZn 
0.3 meters 
0.5 meters 
0.025 meters 
32 
forced ai r 
water 
2 
1250 volts 
3600 watts 
12 to 1800 
3000 amperes 
16 volts 

was selected which i s very similar to the BNL AGS 
de si gn. Th i s cavity is a full-wave coa xial resonator 
with acceleratirig gaps at the one-quarter and three
quarter wave poi nts. IS A cross-sectional vi ew of the 
cavi ty is shown i n Fi g. 6. The gap voltage requ i res 
a ferrite power loss of less than 40 mW/~c allowi ng 
ai r cool i ng. The ferr i te rings wi ll probably be TDK 
type PE7B wh i ch was fabricated for BNL tests. A 
total of 32 rings wi th a wei ght of 552 kg wi ll be 
needed. The cavi ty requ i res about 4 kW of power; 

R. F. CAVITY 

HOUSI NG !SEP .... RA 8 l E AT VACUU M CHAMBEA CENTER 
LI NE AND AT HOUSING ENO$I 

COOLING SUPPLIED BETWEEN FERRITE RINGS BY AIR SYSTEM NOT SHOWN. 
INSULATORS BETWEEN FERRITE RINGS DESIGNED TO AllOW AIR FLOW BETWEEN RINGS. 

Fig. 6. Cross sect i on of the rf accelerat i on/ 
decelerat i on cavity. The frequency wi ll be varied 
from 0.2 to 2.5 MHz wi th 500 kg of bi ased ferrite. 
A total voltage of 2.5 kV/turn i s needed. 

therefore, a 10 kW power ampl i f i er will be used after 
cons i deri ng the uncerta i nties i n cav i ty losses, 
ferrite losses, load mi smatch, and voltage require
ments. 

Vacuum System 

The vacuum requirement to decelerate and store 
hi ghly charged very-heavy i on i s severe. Heavy ions 
pass i ng through residual gas can ei ther capture 
electrons from gas molecules or lose electrons by 
collid i ng wi th gas molecules. Est i mates of beam 
lifetimes in HISTRAP from charge-changing collisions 
were made using the electron capture cross sections 
of Schlacter lfi and electron loss cross sections of 
Alonso and Gould. 17 The vacuum requ i rements resulting 
from these calculations for a tandem-injected Au 40 + 
beam, one of the worst cases, i s summari zed i n Fig. 7 
wh i ch shows the surv i val fract i on as a funct i on of 
HISTRAP chamber pressure for vari ous operating modes 
wi th Au 4 0+ ions beam i n a residual gas of 90% H2 and 
10% Nz• The upper panels are for accelerat i on from 
1.9 MeV/A to 7.9 MeV/A and for decele r at i on from 1.9 
MeV / A to 0.10 MeV/A. The rema i ni ng panels are for 
one-second coasts (one-second storage times) at 7.9, 
1.9, 0.10 and 0.02 MeV/A. Wi th a vacuum pressure of 
1 x 10- 12 Torr, about 50% of a coasting 20 keV/A 
Au 40+ b.eam would be lost in one second. For acce
leration and storage at high energies pressures i n 
the order of 5 x 10- 11 Torr are acceptable. 

The vacuum system will be des i gned to eventually 
reach a base pressure of 10- 12 Torr. All major com
ponents must be fabricated of electropol i shed 316 LN 
stainless steel. All sta i nless components will be 
vacuum baked at 950°C before assembly. The stainless 
must have a spec i f i c outgassing rate of less than 
10- 13 Torr 1/s/cm2• All components wi ll be designed 
and tested to wi thstand a 300°C bakeout in s i tu for 
24 hours. Each octant of the ring wi ll be equ i pped 
with an extractor ion gauge, a 60- 2/S magnetic sputter
ion pump and a titan i um sublimator pump. Residual gas 
analyzers wi ll be made a permanent part of the vacuum 
system. An experimental vacuum program will be carried 
out before the final preparat i on method, chamber 
materi als, and other components are specif i ed. 

Electron Beam Cooling System 

An electron beam cool i ng system wi ll be used i n 
HISTRAP to reduce the energy spread and angular 
di vergence of ions used for hi gh-resolution spectro
scopi c studi es. In add i t i on, as a practical necess i ty, 
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Au beams as a function of vacuum system pressure for 
various HISTRAP operating modes. The residual gas 
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respectively. 
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beam cooling is required prior to deceleration since 
decreasing the ion velocity will increase the angular 
divergence and relative energy spread of the beam 
which in turn will increase the beam size beyond the 
aperture of the machine. The electron cooli ng system 
is shown in Fig. 8 and the corresponding parameters 
are listed in Table 5. 

Table 5. Parameters of the Electron Cooling System 

Length of the cooling region 
Cathode diameter 
Electron beam diameter 
Acceleration 
Deceleration in collector 
Electron energy, maximum (minimum) 
Electron current loss 
Beam current, maximum (minimum) 
Magnetic field, maximum (minimum) 
Magnetic field stability, ABIB 
High voltage stability, AVIV 
Toroid deflection angle 
Toroid bending radius 
Magnetic field alignment to 

the ion axis 

1.00 m 
5 cm 
5 cm 
resonant 
nonresonant 
60 keV (1 keV) 
< 1% 
5 A (10 mA) 
0.2 T (0.02 T) 
5 x 10-5 

5 X 10- 6 

48 degrees 
0.5 m 

<2 X 10-4 rad 

The system will consist of three major components 
immersed in a solenoidal magnetic field: an electron 
gun, a drift region, and collector. Two i dentical 
toroi dal magnets wi ll deflect, by 48 degrees, the 
electron beam in and out of the 1-meter-10ng drift 
reg i on where the ion cooling takes place. In order 
to produce the minimum possible angular divergences 
and cooling times, the drift region requ i res a sole
noidal magnetic field uniform to 50 ppm in space and 
time. The electrons will be accelerated with a 60 KV 
precision high-voltage supply. In the collector the 
electrons will be decelerated to less than 3 keV 
which will greatly decrease the power requirements of 

ORNL - DWG 85-15501 

1m 
·1 

11 
5 

Fig. 8. The electron beam cooling system showing the location of : 1. electron gun, 2. NEG pumps, 3. pick-up 
station, 4. toroid, 5. central drift tube or interaction reg i on, 6. solenoid, 7. toroid chamber, 8. collector 
drift tube, 9. collector, 10. pump port, 11. valve, 12. correction di pole, and 13. pumpi ng station. 
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this supply and also decrease the outgassing problems 
associated with stopping the intense electron beam. 
The electron beam cooling system operated with 
unmatched electron and ion velocities will provide an 
in-ring experimental device for electron-ion interac
tion studies. 

Future Extraction System 

The HISTRAP proposal contains no apparatus to 
extract beam for use in external beam lines. 
Initially, only in-ring experiments with circulating 
beams will be performed. However, to allow for 
future expansion, it is necessary to insure that an 
extraction system can be accommodated in the ring. 
Four additional elements are required for a third 
order resonant slow extraction system: one trim 
quadrupole to provide fine control of the tune, one 
extraction sextupole to establish a separatrix and 
drive the resonance, one electrostatic septum to 
separate e~tracted beam from circulating beam; and 
one magnetlc septum to remove the extracted beam from 
the ring. A simple extraction system in which all 
these elements are located in a single straight sec
tion has been designed. A straight section will be 
reserved for such a future system. 

Ream Instrumentation and Controls 

The main in-ring beam instrumentation will con
sist of a horizontal and vertical electrostatic 
pickup system and at least one beam current trans
former. The electrostatic pickups will measure the 
deviation of the bunched beam from the central orbit 
and provide correction signals to various feedback 
control devices. One pickup will be built in each 

quadrupole. As shown in Fig. 5, two centimeters of 
space has been reserved around the beam in the bore 
of each quadrupole for these pickups. This space 
largely exists because of the horizontal good-field 
requirement to hold multiple-charge-state beams and 
does not require an increased quadrupole aperture. 

Cost and Schedule 

As shown in Fig. 1, the ring will be housed in a 
new 72' x 58' shielded room to the south of the HHIRF 
tandem accelerator and to the east of the Atomic 
Physics and Applications Annex presently under con
struction. A major 16" water line will be relocated 
to allow construction of this building. Also as 
shown in Fig. 1, the 46' x 60' Atomic Physics and 
Applications Annex wi 11 be ideal to house the tandem 
transfer line and ECR-RFO injection system. The pro-

posal contains a second floor addition to this annex 
to house power supplies, a 2 MVA substation for 
pulsed loads, and a 1 MVA substation for cw loads. 

The escalated cost for this project totals $14.6M 
spread over a five-year construction schedule. Of 
the total, $1.6M (15%) is for engineering design and 
inspection, $2.5M (20%) for contingency, and $10.5 M 
for construction. About $1.7M of the construction 
cost is for buildings and utilities and about $8.8 M 
is for accelerator facilities. If funding started in 
FY 1988, the facility would be ready for atomic phys
ics experiments at the end of FY 1992. 
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