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Equations of motion for both particles are [3]:
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Beam current at the VEPP-4M electron-positron yz"z:lZa@z'SfQ(%Elkylmos(mv9) 1)
collider is limited by transverse mode coupling (TMC) y'=dy/d6 a:ci;lab k:NZMSQ,KD
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instability, occurred due to wake fields. Threshold i ) ) .
current is decided mainly by transverse impedance Wheredis damping decremenf)Q.is coherent shit of
vacuum chamber. To study frequency dependence of tRgfatron tune,6=ayt. In the second half period of
longitudinal and transverse impedances at the VEPP-4f§§nchrotron - oscillation, - particles interchange by its
deviation of equilibrium RF phase and coherent betatrdfading and trailing roles so the equations should be
tune shift were measured in dependence of beam lengtf{erchanged also. _ _
Impedance distribution along the ring was studied, usin The oscillation ampl.ltudes of the head/tail particle and
measurements of closed orbit in dependence of bedththe center of mass in dependence of beam current are
current. Instability evolution after injection was observe@iven on Fig.1. These data were obtained by numerical
by a pickup using turn-by-turn measurement techniqug®lution of the equations (1) with the'(0)=y-'(0)=0,
Beam motion was also studied by computer simulatio¥t(0)=y2(0)=Yo initial conditions and with various
based on two particle model. Experimental results arRrametef\Q. proportional to beam intensity.

results of the simulation are presented. 1Y

3.018
1 INTRODUCTION 1
2.5+
The VEPP-4M is a 6 GeV racetrack electron-positron i
collider [1]. Relevant parameters of the VEPP-4M at the 204 1
energy of 1.8 GeV are given in Table 1: i 2
Table 1: The VEPP-4M parameters. 1.5
. ] A0
Circumference P 366 m 1.04 Ve
Revr?lutlon frequenbcy fo 818.936 kHz 0 02 04 06 08 10
RF harmonic number g 222 Figure 1: Oscillation amplitudes.
Betatron tunes Q/Qy 8.560/7.620 1-head/tail, 2- center of mass.
Synchrotron frequency v, 0.006-0.03
Compaction factor a 0.017 Note, that oscillation amplitudes of the head/tail
Damping times 5/T,/Ts 35/70/70 msec particle, which decide the transverse beam size, increase
RMS bunch length o 0.025-0.12 m with current more rapid than amplitude of the center of
Aperture in semirings ~ &x2a,  0.06x0.03 rf mass. The current threshold is reached wA@gz0.8vs.

. . At the VEPP-4M, beam motion, when average current
To get a design luminosity at energy 5 GeV, the bearr] f iniected b ds the threshold/listrated
current is to be more than 20 mA in one bunch. But jt o' 'Mj€cted beam exceeds the thresholdjlustrate

was discovered that the captured current had thresh &F|g.2. Bunch lengtiws Of, ',[th' injected beam was made
around 12 mA. Current limitation is due to TMmctWice more than the equn.lbrlum one. Whep the bunph
instability of vertical betatron oscillations, which causeéength has been decreasing due to ra§|at|on damping,
large coherent shift of betatron frequency. amplitude value of the beam curredf =7(P/-/270,
A feedback system for suppress this instability hasaches the threshold, and the TMC instability occurs
been developed [2]. The system provides increase thed causes beam losses.
captured current up to 25 mA. Beam current and vertical center of mass position,
measured by pickup during 1600 turns since 100 ms after
2 TMC INSTABILITY injection, are shown on Figg2 One can see coherent
For beam motion analysis, when the TMC instabilitfpetatron oscillations and beam losses occurring at the
occurs, two particle model was used. The beam w&gme time. Computer simulation given on Rigr@akes
considered as two macro-particles: head and tail. clear the reason of the beam losses. Turn-by-turn vertical
In the first half period of synchrotron oscillation, thePositionyc u. of the center of masg, of the head, ang

head (1-st) particle excites by its wake fields transvergé the tail, are plotted. One can see that oscillation
oscillations of the tail (2-nd) one. amplitudes of head and tail twiceomed the center of
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mass amplitude, which can be measured by pickup, atehgtho, exceeds considerably the vacuum chamber
just these head/tail oscillations which increase theertical sizea,. Inductive longitudinal impedance results
transverse beam size, cause the loss of transveisebunch lengthening. Thus, the normalized impedance

distribution periphery electrons. |Zy/n| can be calculated with the expression [5]:
O, -0,0, = ;7 3)

6 e * o qUgp cos @
0 using measured;, |, and RF parameters, and
g.y,mm calculated r.m.s. bunch length at zero curmpt
Y R e Measured values of the longitudinal loss faé¢torand
- the normalized impedan¢®/n| in dependence of bunch
-4 lengtho; are given on Fig.3.
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Figure 2: Developing of TMC instability. G cm
3 IMPEDANCE CALCULATION AND Figure 3: Longitudinal loss factor (1) and impedance (2).
MEASUREMENT 3.2 Transverse impedance.

~ An impedance approach is used to analyze the Transverse impedance of the VEPP-4M has also both
interaction between beam and wake fields. The vacuuggactive and resistive components, the resistive one

chamber components are considered as frequeng@guses fast damping of betatron oscillations. One can

depended impedances. calculate decrement of the damping with the formula [4]:
For the VEPP-4M, impedance is formed mainly by jggmgyc

about 50 inhomogeneities of the vacuum chamber. There A v e (4)

are 16 vertical and 3 radial separators (pairs of strip-lines SEQE/Q) Wya

matched to 5@ through capacitor), resonance cavitieswhere 75 is the impedance, &=AQ)/(Aplp) s
and sharp cross-section changes. Analytical expressicomaticity. For the VEPP-4M, the measured values of

[4] can be used for impedance calculation for thesgrtical and horizontal decrements are shown on Fig.4 in

simple cases. Calculations give a possibility to evaluatfspendence of the chromaticity, for beam current
both a total value of the impedance and the impedancg-7 ma, energyE=1.8 GeV.

distribution along the ring. s

All measurements described below were carried out in 6-10, 1/sec
a vertical plain, as the vertical size of the vacuum
chamber is less than the horizontal one, and the TMC
instability is caused practically by the vertical transverse
impedance only.

3.1 Longitudinal impedance.

The longitudinal impedance has both resistive and Lo 23 456
reactive components. The resistive component results in Figure 4: Fast damping decrement.
beam energy losses. Total longitudinal loss faktowas

obtained by measurement of current-dependent shift Bf For §=0, decrement.|s determined by s_trlp—lmes.
e - ecrement value foN pairs of matched strip-lines can
equilibrium RF phasdgJ/A |I:

be calculated using the expression:

KL:folﬂJRplﬁospSM\q)S/A_ . (2) N ol
. o = L fo
For the VEPP-4M, the reactive component of the 3 —IaD_Z ) E(E/e)’ (5)
longitudinal impedance is inductive, as the bunch e
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whereL; andp; are length and wave impedance of eacdepends on beam current. When the beam position in the
strip-line of the paii, d; is a distance between the strip-magnet is non-zero, the beam trajectory angle gets

lines. increase org:

Resistive component of the VEPP-4M transverse 1,
impedance, calculated using these measurements is i—m@ow (8)
Zp[B.5 MQ/m.

Reactive component of transverse impedance results n!f & local bump of closed orbit has been created just at
coherent shift of betatron tune. Tune shift can b€ impedance location, then the orbit deviation appears

evaluated using the formula for a small betatron detuninfnile varying the beam current. The orbit deviation is

caused by additional defocusing force: proportional to the local impedanZg, current
1 _AG! differenceA |, and the bump amplitudg;:
Q:_HT % )L—.B- (6) ATZ,
P YS) = L nmp, VBB Do, €)
In frameworks of two particle model, one can use an ¥y

expression for betatron detuning caused by transverseDue to finite length of orbit bump, only a total value of

impedance: the impedance distributed along the bump can be
_ 1 £QB< Z5 B> measured. Lets suppose the distribution of impedance
AQ= 87T (E/e) ’ 7 within the bump is uniform, and introduce specific

impedanceA<Z[B>/As, whereAs is the bump length.
The value of the specific impedance is some average

factor, Bis beta function at the impedance location. lectromagnetic characteristic of the vacuum chamber
For the VEPP-4M, measured coherent shift of vertlca(jecﬁon

i - 4 —-
betatron tune isAQJ/AI[A+6(10", when =39 cm. For the VEPP-4M, the impedance distribution

Total value okZ,[B>[22 MQ. _ measured using this method is shown on Fig.6.
A model impedance distribution was calculated usinn

. R A<ZeB> L /m
the formulae for simple electromagnetic structures [¢— g
placed at hypothesized locations of the impedance. -
test the model distribution, two experiments had bee
carried out. 200
The first one is based on measurement of cohere
tune shift deviation in dependence of beta functio 150
perturbation. The final focus quadrupole magnet EL 100
placed close to the interaction point, was used for be

perturbation.

where<Z-[B> is the impedance averaged wihweight
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Figure 6: Measured impedance distribution.
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