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Abstract 

The results of extensive investigation of beam dynamics 
with high current in BEP booster are presented. Strong 
bunch lengthening due to the potential well distortion by 
the inductive impedance was observed on the background 
of the multiple intrabeam scattering and of the ion accu- 
mulation (in the e- beam). The octupole and sextupole 
corrections enabled control of collective damping of the 
head-tail modes. Fast damping is also observed at zero 
chromaticity, this is attributed to the injection kickers act- 
ing as transmission lines. The proper tuning of the non- 
linearity corrections cures the t.ransverse instabilities and 
enables capability to store up to 0.8A current in a single 
bunch. 

I. INTRODUCTION 

The electron and positron accumulator ring BEP is re- 
cently built to upgrade performance of the e+e- collider 
VEPP-2M [I]. El ec rons t and positrons are accumulated 
alkrnately at t,he energy of 120 MeV. The injection rep- 
etition rate is 0.7 Hz, the machine is capable to capture 
150 /LA (0.75.10s) of positrons and 150 mA of electrons in 
a single-turn injection. The maximum accumulated cur- 
rents are 0.2 A of positrons and 0.8 A of electrons. 

Energy ramping time in BEP is about 8 s, its lower limit is 
mostly due to the effect of eddy-currents in the aluminum 
beam pipe. The maximum energy achieved is 775 MeV, 
and its upper limit currently results from shifting of the 
vertical betatron tune down to the int,eger resonance, while 
the available gradient correction strength is insufficient to 
oppose this tuneshift during the ramp. 

The beam parameters were measured at the energies of 
120, 360 and 510 MeV. 

For measurement of both transverse and longitudinal 
bunch dimensions we used the system of optical dissec- 
tors, as described in [2]. The resolution of the longitudinal 
dissector was - 2 cm, while the transverse dissector gave 
- 0.25 mm. In a series of measurements we also imaged t.he 
beam onto a CCD matrix, and obtained the same trans- 
verse resolution, which resulted from the realistic quality of 
the available mirror, window and lens optics, rather than 
from the image-scanning device. 

Indirect measurements of the vertical beam size below 
t.hat resolution were enabled by monitoring of the part,i- 
cle loss rate (frorn intra-beam scattering), which was per- 
formed with the scintillation counter and resulted in N GO 
ILrn of the vertical beam size FWIIM al the energy of 510 
MeV. The count rate was calibrated against the vertical 
beam size directly measured with the dissector, when the 
machine was operated at the betatron coupling resonance, 
and the dissector could reliably resolve the enhanced beam 
height. Direct measurement of the beam energy spread is 
described in [2]. 

III. DYNAMIC ,~PERTURE STUDY 

The correct choice of the machine operating point is im- 
portant for accumulation of intense beams. Due to low ra- 
diative damping at injection (rz N 1s) the particle motion 
is subject to influence of weak non-linear resonances, even 
those of the Gth order and above. Fig. 1 shows the positron 
beam capture efficiency as a function of the operating 
point. The injected positron beam has a large transverse 
emittance, so it is suitable for testing t.he dynamic aper- 
ture. The design operating point of v, = 3.18, v, = 3.61 
proved to be bad because of the neighbouring strong sum 
coupling resonances. 

Changing the lattice for v, = 3.2, v, = 3.45 resulted 
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Figure 2: Vertical beam sizes for electrons and positrons. 

Figure 1: Positron beam capture efficiency. 500- 

in capability to use practically whole beam stay clear sizes A/+---] 

of the vacuum chamber. For this lattice the horizontal i 
\7 

injection kicker pulse lasts during two turns and serves as 
$250 4 -L 

a pre-kicker at once. The lattice wit11 vZ N vZ = 3.27 also pi _ : 
provides for a large dynamic aperture, however it requires c 
a separate pre-kicker (which is also installed in BEP). 

Scanning of the operating point in a wider range demon- 0 ““‘I’ “‘ii”LriiJ 

strated relatively safe operation closely to the integer reso- 0 100 zoo 300 400 

nances v, 2= I, mA. , 3, and revealed wide stopbands surrounding 
the resonances v,,,= 4. The latter combine the effect of in- Figure 3: Current dependence of vertical beam size. 

teger resonances with the non-linear 12/3 ones, which are 
enhanced in the 12-fold symmetry of the machine lattice. 

ion rejection out of the beam because of tresspassing the 

IV. ION ACCUMULATION IN BEP 
BEAM 

The positive ion accumulation in the electron bean1 of the 
REP storage ring was mostly pronounced during the first 
days of the machine commissioning, resulting in the stored 
current limitation at a few milliamp level with the subse- 
quent shift of this limit up to dozens of milliamps. Wit.h 
an upgrade of the vacuum in the machine due to cleaning 
the vacuum pipe walls by irradiation with the synchrotron 
light,, the current limitation was no more imposed by the 
ions, other reasons were predominant, as outlined above. 
Itowever, the presence of a small positive ion concentration 
in the electron beam trace can be detcctcd even after a 
t,hree-year period of practically continuous operation with 
the average pressure of - lo-sPu. 

Fig. 2 shows the vertical beam sizes for electrons and 
positrons as functions of the operating point v,. The 
positron curve responds to the sum and difference reso- 
nances only, while the electron curve exhibits numerous 
one-dimensional resonances, which have a natural expla- 
nation in the framework of the ion accumulation hypoth- 
esis. With the current ramping the vertical beam size of 
the electron bunch grows much stronger than the positron 
beam size, the latter scales as I’/6 due to the multiple 
intrabeam scattering effect. Above 300 mA the vertical 
beam size shrinks (see Fig. 3) that is likely to result from 

ion stability limit,. This threshold current value agrees with 
the assumption that single charge Ar+ or CO: molecules 
dominate in the ion contents. 

The effect of ion rejection from the bcarn can also be 
observed whtn the resonance excitation of the vertical be- 
tatron oscillations is switched on wit,11 a certain small tune 
offset wit#h respect to the exact resonance tune. 

The estimate for the degree of the beam space charge 
compcnsal,ion of - 5 tom3 at 20 mA current has been 
obtained from the measured coherent tuneshift. of - 2.10e4 
at the injection energy of 120 MeV. This corresponds to 
the ion A?+ partial pressure of 6 10e7 Pa. At the energy 
of 510 MeV we did not observe any effect from ions on the 
hcam dynamics. 

v. CURRENT DEPENDENCE OF 

BUNCH DIMENSIONS IN BEP 

Experimental data on the current-dependent bunch dilnen- 
sions in BEP at the energy of 360 Me\, are presented in 

Fig. 4. We saw, t,liat: 
a) with ramping the current the longitudinal bunch profile 
was observed to deviate from the Gaussian and to approach 
the parabolic shape (Fig. 5); 
b) the bunch length scaled as the l/3 power of the beam 
current, while the beam energy spread scaled as the cur- 
rent to the l/6 power (Fig. 4), the latter dependence was 
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Figure 4: Current dependencies of total horisontal size Xl, 
betatron size X2, beam energy spread DE/E and bunch 
length (FWHM) A; the curves are 1’/6 and Ill3 fits to the 
rnesured data. 

due to the multiple intrabeam scattering effect (IBS); 
c) the bunch equilibrium phase shift was small (practically 
undetectable); 
d) the synchrotron tune shift with current was small 
(- 10% at 300mA) if measured with the coherent exci- 
tation, but the large incoherent iuneshift was observed by 
a special technique [3] and proved to be in agreement with 
the longitudinal potential well flattening; 
c) the longitudinal bunch size was independent of the rev- 
olution frequency displacement and insensitive to the po- 
sition of the cavity higher order modes’ tuners (apart from 
narrow bands where we had coherent Longitudinal instabil- 
ities), so the multi-turn wakes were ruled out. 

All this is consistent with the assumption of the static 
bunch lengthening due to the longit.udinal potential dis- 
torted by the inductive wake. For a quantitative analysis 
we used the Hai’ssinski equation, and the inductance value 
deduced from these measurements was about 50 cm. The 
incoherent synchrotron tuneshift resulting from t,lle IOII- 
gitudinal well flattening was measured for currents up to 
470 ma. The data agree with the bunchlength behavior. 

The data taken at the injection energy of 120 MeV showetl 
that: 
a) the bunch length below N 1OmA currents follows the 
I’j6 relation, i.e. this lengthening results from IRS ; 
b) at the currents of 2 150mA that slow energy spread 
hlow-up due to IBS is negligible, and the bunch lengt,h 
scales with the beam current as 11i3. 

The collective damping rates o( I were measured [3] using 
the blinded PhlT technique. tit positive chromaticity the 
damping rate was proportional to its value. However at 
zero chromaticity the collective damping did not vanish at, 
UEP, one should set av/dlny = -0.3 to eliminate the ef- 
fect. At zero chromaticities it is due to the 2’ terms in the 

Figure 5: Evolution of the bunch longitudinal profile with 
current; solid line - the profiles from the dissector; dashed 
lines are the Gaussians with the same height and same 
FWHM. 

transverse wake, resulting from the two injection kickers 
which are the transmission lines in their design. The reli- 
able evidence for this was given by the two-fold reduction of 
the measured damping rat.es result.ing from the elimination 
of one of the two kickers by a special mechanism envisaged 
in its design: the translnission line was grounded over its 
total length. This fast damping proved to be independent 
of the bunch length and t.he betatron tune. 

At the energy of 510 MeV the measurements of transverse 
beam emittances gave 2.5 10-s cm.rad for the vertical 
emittance and 6 10m6 cm,rad, which fairly well agree with 
their design values. 
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