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Abstract Cross sections,

Electron beam lifetimes in the Accelerator Test Facility oc=0gN +01E+IN + OEE. (2)
(ATF) damping ring are limited by elastic and inelastic ) ) ) )
beam-gas scattering as well as the Touschek effect, whic-H?e cross section for elastlc_ scattering off the gas nuclei
due to intrabeam scattering, transfers transverse into loff-N) of chargeZ - ¢ can be written as [2]

gitudinal momentum exceeding the momentum acceptance 211222 (B)

of the machine, thus leading to particle loss. Since the Tou- TEN N 25y 3)
schek effect depends strongly on the vertical beam size, it K 0

can be utilized to determine the vertical beam emittancgyhere r, is the classical electron radius,(3)
thus providing a cross-check for data obtained by differis the average g-function around the ring, and
ent methods, e. g. using the synchrotron radiation monitar?/3 is the radiusa of the limiting aperture squared
First results of beam lifetime studies and estimates of thdvided by the localg-function 5. v is the relativistic

vertical emittance are presented. ~-factor.
The cross section for inelastic scattering of the beam
1 INTRODUCTION electrons off the nuclei in the residual gas is [2]
Since all future Linear Colliders require very low emit- o A 16r5 2> L8, 1 5 @)
tance beams in order to achieve high luminosity, a proto- N 411 VA AE/E 8

type damping ring has been constructed at KEK to stud : I
the feasibility of the required beam parameters [1]. ThiihereAE/E s the longitudinal acceptance.

ATF damping ring came into operation in early 1997, an he cross section for elastic scattering off the electrons of

its performance has been studied and improved since. o residual gas (EE) reads [2]

this paper the measurement of the electron beam lifetime is 2mrgZ 1 5
presented. OBE N T T AE/E ®)
9 BEAM-GAS SCATTERING while for inelastic scattering off the gas electrons (IE) it can

be written as [2]
In general, the beam lifetime can be limited

by four different beam-gas scattering processes. oIE 16162 <1n 2.57 1_4).

First of all, the beam electrons interact with the nu- 411 AE/E

clei of the residual gas such that they are scattered (111 I §> 6)
elastically (EN). This leads to particle loss if the electrons AE/E 8)°

are scattered out of the transverse acceptance of the ma-

chine. Secondly, inelastic scattering off either the electrons 3 GAS DESORPTION
(IE) or the nucle (IN) of the resujual gas occurs, Ie‘f"den the case of an electron storage ring like ATF, the vacuum
to energy loss of the beam particle, which is lost if th

ressure” is not simply a constant but depends strongly on
energy loss exceeds the energy acceptance of the mach € beam current due to gas desorption induced by syn-
Finally, elastic scattering of the beam particles off the ga

Shrotron radiation hitting the vacuum chamber. This pro-

electrons (EE) primarily leads to loss of pa_rticles becaus&aeSS leads to a vacuum pressure which, in good approxima-
thgy exceed the energy acceptancg of the ring. tion, depends linearly on the beam current [2],
With o the total cross section of the beam-

gas interaction andP the vacuum pressure, the PI)=Py+k-1, (7
beam-gas lifetime, can be written as [2] . )
where P, is the static vacuum pressure at zero beam cur-
1 _ _1dN _ 7. 102815 sec—1 (1) rent, whilek is a constant. Figure 1 shows a measurement
Thg N dt ' m? Pa ’ of the average vacuum pressure in the ATF damping ring as

function of the beam current.

Together with equation 1, this leads to a beam lifetime
which depends on the beam current itself. Therefore, the
rBeam current cannot be described as a simple exponential
ONow at DESY, Hamburg, Germany decay as function of time anymore.

whereN is the number of electrons in the beam.
As already mentioned, the total cross sectiarf the beam-
gas interaction can be written as the sum of four differe
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Figure 1: Measured average vacuum pressure in the ATRgure 2: Inverse lifetime as function of the (initial) beam

damping ring as function of the beam current. current in each interval.
4 RESULTS From the pressure and beam current data, we get for the
current dependent pressure
To determine the beam lifetime in the ATF
damping ring, the electron beam current and the vac- PI) = B +k'I6 o
uum pressure data have been taken simultaneously over = 133-107"Pa+543-10""-
periods of roughly 10 minutes each. Since the vacuum I (10)
pressure depends linearly on the beam current, the beam ADC counts
lifetime as a function of the beam current reads Inserting this into equation 8 and comparing this with equa-
1 1 dN tion 9 leads to
ng(I) N di L — (97.102440.100—1
1drI Tbg ADC counts
a Idt ~125ec_1 (11
P I m
= 73 102812L sec™! ) T
m? Pa = (3.3 21073 + 7.7 1077>
o PBo+k-1 ADC counts
= 7310 — ————sec (8) 1
m?  Pa sec” . (12)

Here we assumed that the beam lifetime is purely deteResolving both the expression for the offset and the slope
mined by beam-gas scattering and not by such effects &8 o, we getr = 3.4-1072 m—2 ande = 1.9-10~2 m~—2,
intrabeam scattering, Touschek effect, etc. respectively. The discrepancy of a factor of about two
As can be seen from equation 8, the inverse beam lifetinteetween the two results might indicate an error in the
depends linearly on the beam current. Therefore each ggessure and/or the beam current measurement.

of measured data was divided into several intervals of equAs can be seen from equation 9, the measured
length. Each of these intervals was then fitted using an ekfetime is shorter than 5 minutes, while the
ponential function, and the resulting inverse beam lifetiméeam lifetime calculated from the cross sections for
within each interval was plotted versus the initial current ofhe IN, EE and IE process is larger than 10 minutes for the
each interval. As an example, figure 2 shows the result @brresponding measured vacuum pressures [3]. Therefore,
such an analysis. As can be seen from figure 2, the inverag& can neglect these contributions here and assume that
lifetime indeed depends linearly on the (initial) beam curthe beam lifetime is purely determined by the EN process.
rent, while for very small beam currents the errors due tResolving the expression for the EN cross section for the
measurement noise dominate. For sufficiently large beaaperture, we get an aperture radius of alkogt 1 mm at a

currents we have local 5y of 10 m.
1 .
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