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Abstract . ,

Table 1: Parameters of the ring, a coasting beam, and the
Electron-cooling bunching of a {3 ion beam at 150 electron cooling.
MeV/u was simulated, the space-charge impedance, the

broad-band impedance, and the resistive wall impedance Ring
being taken into account longitudinally. It has been int Circumference 260 m
vestigated how the broad-band impedatige/n = 5 2 Momentum compaction factor 0.03772
affects the bunching under the dominant space-charge imBetatron tunex}, /v, ) 7.38/5.8
pedanceZ,./n = 1600: ~ 18507 Q. It has been inves- | Natural chromaticityqj, ) -35
tigated whether the dispersion relation applied to coastingTwiss parameters at the cooling section
beams is applicable to cooled bunched beams or not. ast =g 0
5 = Bce 7m
1 INTRODUCTION RF harmonics, 87
Inner radius of the vacuum chambier 4cm
Collision experiments with ion-ion beams and ion-electron Coasting beam
beams are planned in the double storage rings (DSR) of Riyiomentum spread (6rms) 103
beam factory project. Bunched ion beams will be formed torms transverse emittance, (= «,) 10-6x m-rad
obtain a high luminosity. Previous simulations of electron- Electron cooling
cooling bunching of beams[1] showed that even if the bet&Ejeciron current 5A
tron tune spread of a cooled bunched beam is over 0.5, the 5thode temperatuel, 0.1eV
transverse emittance is not enlarged by ions’ trapping imOLength of the cooling section 3m
rosonances, and that the force induced through the transz|ectron-beam radius at the section 25 mm
verse space-charge impedance has effects on increasalﬂingitudinal magnetic field at the section 1kG

the transverse emittance in the equilibrium.
In the simulation where coupled-bunch phenomena aty applying the RF voltage. The RF voltage is increased

neglected, forces induced through the broad-band inwntil the bunch length reaches a given length. After then,

pedance and the resistive wall impedance have newly betfye beam goes to an equilibrium. The simulation of such a

taken into account longitudinally as forces acting on ionshunching process shows the following results.

The broad-band resonator model has been used to estimat&he transition of the bunching is shown in Figure 1,

the broad-band impedance: which is for the simulation case with consideration of
the broad-band impedance and resistive wall impedance.
R, = @“’_’“’ Wy = f, Q=1, There is no remarkable difference between the results of
n owo b the simulation cases with the consideration and without the

Wherewo is the revolution frequench the resonance fre- ConSideratiO!']. At the end of the simulation, or at 37 ms
guency of the impedanc@l’ the harmonic number Qt)Or of the bUnChlng, the bunch |ength hardly decreases, but the
¢ the light velocity, and the inner radius of the vacuum momentum spread decreases still. The peak currenr
chamber. As the beam is planned to be injected into evef§€ current at the bunch center is 23 mA. The RF voltage
RF bucket, the simulation has been carried out on the a§-16.3 kV. The horizontal emittance is larger than the ver-
sumption that every beam intensity per bunch and evefigal one because the transverse space-charge impedance
bunch behavior are equal, respectively. The parameté¥as taken into account only horizontally. There is no more
listed in Table 1 have been used as input data of the sirfiterest in continuing of the simulation alone, because the
ulation program. The parameters of the electron Coo“ni@tra'beam Scattering is not taken into account in the simu-
have been shown by the simulation to be such that a fail@tion.

coasting beam is cooled with the cooling times of 5 ms for

the momentum spread a2d ~ 22 ms for the transverse 2.1 Distortion of the RF wave form

emittances. . )
Bunch profiles of space-charge dominated beams are

known to be approximately parabolic and to be coupled

2 BEAMBUNCHING with the distortion of the RF wave form[2]. The bunch pro-
A coasting beam is electron-cooled, and after the momefile at 37 ms of the bunching is shown in Figure 2-a. As the
tum spread reaches a given spread, the beam is bunclelike voltage induced through such a parabolic profile is
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6- 112 10° . parently signals with the amplitude 10~3, signals with
__E  the amplitude< 10~3 are cut out in the Figure where the
2 s 110°2 3 spectrum is normalized in such a way that the DC compo-
= KW = . . . .
°s, 8 104 € E nentis one. The spectrum has the following characteristics.
EX =, e main signals & = nwy are derived from Fourier
E S & 1) Th Is & derived from F
c = % [} . .
523 6 1040 & components of the parabolic-like-shaped bunch.
S ® o ©
o S e £ 2) The signals displayed as 'V’ in the Figure means that
Q 4 . . . .
cu? & 41072 2 the line density at the frequenay, is modulated with the
® ) , 104§ s frequencyAQ = Q—nw, and the amplitude of some 2.
= The dispersion relation applied to coasting beams shows
0! 019 F  thatneglecting the momentum spread the disturbance with
0 _ 5 10 15 T_ir_ﬁeolmslz 5 30 35 40_ Fhe frequgnc;@ is created on the beam line density by self-
Figure 1: Transition of the beam bunching. induced fields[4]:
é 1200 [ F _ [ denl q 7
é 1000 |- 10% £ = nwo = Fnwo 2n32E A n
g . g
5 800 [ 107 . .
2 eob The equation showA ) = £nw(8.3 x 10~°, the peak cur-

rent7,=23 mA being substituted intbunder the dominant
space-charge impedanég/n = 1850: 2. On the other
hand, the spectrum data shaw) = +nwe6.8 x 10~° at

_1 n/h = 255. The disagreement is resolved when the aver-
Dplp x16 age current, /3 within the parabolic-like-shaped bunch

is substituted td. The agreement suggests that the longitu-
dinal behavior of the cooled bunched beam under the great
distortion of RF wave form is similar to that of a coasting
beam of the current of7,, /3.

The incoherent synchrotron tune for faint beams is 0.016
under the RF voltage 16.3 kV. There is, however, no syn-
chrotron satellite with the amplitude 102 along the
50 " Y S04 main signals. This suggests such a longitudinal behavior,
03 ol e 0 sp/px10°  t0OO.

C R lom 3) Over the frequency of /L = 150, the signals expand
on AQ) = 4wy, too, because the line density is modulated
once per turn as the RF voltage is applied on the beam at a
position along the ring.

estimated at -14.8 kV, the effective RF voltage seen by ions 4) There is no enhancement around or n/h = 23.

is 1.5 kV. The ratio of the ordinary RF voltage to the ef-This means that the broad-band impedance is not strong
fective voltage is 11, which is considerably high compareénough to induce instability under the dominant space-
with Ref[3]. charge impedance and the strong electron cooling.
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Figure 2: Longitudinal phase-space distribution.

2.2 Momentum spread 2.4 Longitudinal stability

The momentum spread at 37 ms is 0<12~3 as 6xrms. ) o

The momentum distribution shown in Figure 2-b has lond he above suggestion of the similarity encourages one to
tails on both sides, and can be represented by a brofgcuss the stability of the bunched beam at 37 ms by us-
Gaussian distribution with 6rms spread of 0.1810-3 "9 the Krook model and the dispersion relation applied to

and a core distribution with:6rms spread of 0.02510-3, ~ €oasting cooled beams[5]. The stability diagram is shown
only 7% of the beam belonging to the broad distributionin Figure 4, which was made by using the momentum dis-
The core distribution shown in Figure 2-c¢ shows that th&ibution in Figure 2-b and parameters of the average cur-

momentum spread is the largest at the center along tHeNt 0f27,/3, the cooling time of 5 ms for a faint coasting
bunch. beam, and: = 2001 atw,. The diagram predicts that mi-

crowave instability is induced with the growth time of 2.7

. . ms through the broad-band impedance even if the beam is
2.3 Spectrum of the line density cooled by the electron cooling, and that the frequency shift
The beam line density at 37 ms of the bunching has this AQ = +nw;6.7 x 10~°. The above simulation results
spectrum shown in Figure 3. For the sake of displaying ato not support the prediction of the growth time.
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the equilibrium.

Near the equilibrium, or at 44 ms the peak current, the
bunch length, and the momentum spread are 0.80, 1.8, and
4.8 times, respectively, compared with before weakening of
the electron cooling. 26% of the bunch profile is approxi-
mately represented by a parabolic distribution of length of
0.44 m, and the rest by a broad Gaussian distribution. As
the RF-like voltage induced through the profile is estimated
at -16 kV, the effective RF voltage seen by ions is nearly 0
kV on the region except the Gaussian-shaped tails.
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Figure 5: Transition on weakening of the electron cooling.
The long curves are for the case with the broad-band im-

% 1500 pedance considered, and the short curves for the case with-
N out it.
I=4 1000
= 4 CONCLUSION
500 By using the simulation of electron-cooling bunching of
0 a Uj2d ion beam, the following is remarked as conclusion.
10 Near the equilibrium the broad-band impedadgg/n = 5

Re(z/n) [Q] Q has little effect on an electron-cooled bunched ion beam
Figure 4: Stability diagram. The solid curve represents that 150 MeV/u under the dominant space-charge impedance
stability limit under the electron cooling of the coolingtime Z,. /n = 1600: ~ 1850: £ and the electron cooling of
of 5 ms. The dashed curve represents the instability of thRe cooling time of 5 ms or 50 ms. Just after the cool-
growth time of 2.7 ms under the cooling andrat= 2001.  ing is weakened, as effects of the broad-band impedance
The closed circle represents the assumed impedance of the bunch length and the momentum spread increase faster
ring atn = 2001. than in the simulation case without the broad-band im-
pedance considered. The spectrum of the line density pre-
dicts that the cooled bunched beam behaviors like a coast-
3 WEAKENING OF THE ELECTRON ing beam horizontally under the great distortion of the RF
COOLING wave form. The dispersion relations applied to coasting
. , beams predicts the same disturbance frequency of the line
Exposition of ion beams to a large-current electron bea'@ensity of cooled bunched beams as the simulation does,

of the cooler for a long time is not preferable, because thg ; 4o not the same growth time as the simulation does.
radiative electron capture limits the life time of ion beams.
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