Section 6 VLER Beam Dynamics

INTRABEAM SCATTERING

In an electron storage ring, the multiple Coulomb scattering of the charged electrons within
a bunch leads to the growth of emittance in all three dimensions. The gateghare proportional
to the fourth power of the inverse loéamenergy (for example, sdeef. 7). Hence, ahelower
end of the energy range (150MeV), this effect could become the dominant factor in determining the
equilibrium beam size.

To estimate the effect of the intrabeam scattering, we compute the growth ratettarice
in all threedimensions as a function of energy usiM@D [8] (formulated by Bjorken and
Mtingwa [9]). The latest “low” emittance desidgttice isused inthe calculation, as it is the more
problematic case for this effect. &l energiesthe bunch length is fixed at km, the horizontal
emittance is kept at the constant value of 260 nm, andettieal emittance isssumed as 10% of
the horizontal one. The values of the chargebperch at different energiese interpolatethased
on the table of the main parameters infire section.The results ofthe calculation are plotted in
Figure 6-1 and Figure 6-2. They show ttia growth rate is small compared to the dampratg
due to the synchrotron radiation whitxe energy is larger th&200 MeV, and it increases rapidly
once the energy drops below 200 MeV. This result indichtesheenergy of thdbeamhas to be
larger than200 MeV to maintain a reasonable beam semed beam lifetimesince there is no
equilibrium distribution if the growth rate is larger the dampimigg. However in thigstimate the
larger beta excursions that the 150 MeV lattice presents, that can help in decreasing the growth rate,
were not taken intaccount. Otherwise, to lowdhe energybelow 200MeV, we may need to

make bending magnets stronger or make the ring smaller.
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Fig. 6-1: IBS horizontal growth rate as a function of Energy (Lows,).
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Fig. 6-2: IBS longitudinal growth rate as a function of Energy (Lowe,).



TOUSCHEK EFFECT

The lifetime of the electron beadue to theTouschekeffect is estimated as a function of
energy usinghe simple formula by Le DuffL0] for flat beams. Atall energiesthe momentum
acceptance is calculated with a fixed RF voltage of 100 kV. Two casesparéed,the “low” and
“high” emittancesconsidered irSec. 5,with their values fixed atll energies.The result of
calculation isshown in Figures 6-and6-4, as dunction of the number of particles peunch.
Each curveefers to an energy value, ranging from M€V (the lowest) up td00 MeV in 50
MeV steps. Given the charge per bunch tabulated in the lisamfparametersthe shortestoeam
lifetime is larger than 10 hours when the beam energy is 150 MeV for the low emittance lattice.

Touschek lifetime for VLER -High emittance - Vrf =1 00 kV
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Fig. 6-3: Touschek lifetime as a function of N. particles/bunch (Higke,).
Each curve is a different energy, from 100 MeV (lower) to 500 MeV (upper).



Touschek lifetime for VLER -Low emittance - Vrf =1 00 kV
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Fig. 6- 4: Touschek lifetime as a function of N. particles/bunch (Love,).
Each curve is a different energy, from 100 MeV (lower) to 500 MeV (upper).

COLLECTIVE EFFECTS

Consideration otollective effects may beneffrom comparison to PEP-Hnd SLC DR.
The comparison is not straightforward for the SLC DR, for example, as ¢ohgsarable size and
energy, but higher bunch current, faster damping and fewer bunches.

Without an precise vacuumesign wecan only estimate the machinenpedance. From
analogy withthe SLC DR, wecan expect a machine inductance of aboutn#) The main

contribution to the narrow-band (NB) part of the real part of impedances is given by the RF cavity,



while thebroad-band (BB) islominated by the resistive wdlRW) impedanceThe 35 m long
aluminum beam pipevith resistivity p = 16 nm-Ohmgives & = 1.9 kOhm/m at thefirst
revolution harmonic.

The transverse coupled bunch instability driven by the RW has growth rate:
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ort=7.8ms (heam= 80 MA, E = 50MeV, Bt = 50 m) forfractional part of the tune not too

close to an integer. This has to be comparetiegacdampingime 14 = 43 ms. A strongransverse

feedback is needed to suppress this instability. The quadrupole CB transverse instability is usually

(ch/b)2 slower and should not be a problem. The damped RF cavity has still few NB modes with a

shunt impedanceR= 350 kOhm/m at £ 1.5 GHz.They arestrongerthan theRW, but can be

suppressed by a dedicated feedback.

The growth rate of CB longitudinal instability is dominated by the NB HOM cavity modes:

1: Ibeamaco‘)HOM %%L
T 4mQs E/e

For the PEP-II cavity,the most dangerousiodehas(R/Q)Q = 6 kOhms atjom = 1.3 Ghz.

: -4
Thent = 0.3 ms(momentum compactioa. = 0.066, energy spread = 3.51 , and rms bunch

lengtho; = 1 cm correspond to the synchrotron ture=@.013). The growtiime requires strong

longitudinal feedback comparable with that of PEP-II.

Single bunch effects are less damaging. The SLC damping ring has problertiewétv-
tooth instability at the bunch current only about 2.5 mA. This is much higher than in VLER but still
need to be checked because of lthhe damping time.The usual criterionfor the microwave
instability limits the effective impedance (Z{g)< 6 Ohms. This isnuch larger than ifPEP-II
where there are no microwave problems and damping time is comparabteemthER one. The

transverse microwave instability and the mode coupling instabilities should not give problems.



Some bunch lengthening should dgectedwith an inductance of L = 40H, the bunch
lengthening is about 30%, but this is beneficial for the IBS and Touschek lifetimes.

The potential well of the beam ghallow, 10-20times smaller than ifPEP-II. Both ion

frequencies and ion velocities doaver, scaling asvlpesm for comparable beartransverse rms

sizes. lons irthe ring have a frequency of about MHz (lpegm = 80 MA, o = 0.5 cm),

comparable to the revolutiofrequency. In this casethe beam-ion interactiomas distinct
resonances when betatron frequency and ion frequency are integer of the revolution frequency. The
resonances do not overlap even with frequency spread caudbd bgtatron modulation in the
ring. Hence, there will be no fast ion instability, and resonances can be déthaesfo gapised
in PEP-II here will not clear ions, but still reduces the ion density. A careful choice of tunes should
eliminate ion effects.

Because the gaps in both ringgnnot be madequal, somedditional adversbeam-beam

PACMAN type effects may be induced in the trains and have to be studied.



