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Abstract where Ny is the bunch population @ = 0, P(t) the av-

The purpose of the ATF damping ring is the developmen%rage vacuum pressune, the normalized partial pressure
. . . ando; the scattering cross section for each gas component.
of technologies for producing a low emittance beam '€/ iearation of E (1) yields
quired in future linear colliders such as JLC. The lifetime 9 q-by
of the damping ring is very short (typically a few minutes). 4 v n_ SR
It is limited by elastic beam-gas scattering along with an(t) =1 a_ o dt’ P(t)n(t') Trouw Jo dt'n(t)), (3)
small dynamic aperture, and by single intra-beam scatt@iharen (i) = N () /N, is the normalized bunch popula-
ing (Touschek effect)[1]. The Touschek lifetime strongly-On n(®) (B)/No Pop
depends upon the charge density of the beam, especially,
the size of the vertical emittance. In this paper, we re-

port the results of beam lifetime measurements in the ATF 2 TOUSCHEK BEAM LIFETIME
damping ring and the estimation of the vertical emittanc&he Touschek lifetime at the initial curreff, is deter-
from these measurements. mined by the momentum acceptance and described by [3]
1 Ve riN,
1 INTRODUCTION = —LF(ea)  (4)
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The beam lifetime in the ATF damping ring is limited pri-
marily by elastic beam-gas scattering and by the Touschek Vieam = 873/2%09@ (5)
effect; the latter is intra-beam scattering with a momentum 00 exp(—eq u)
transfer into the longitudinal plane that exceeds the lon- £'(€4) = / du 2u—2-lnw)—p—5—. (6)
J1
herec, 7., Ap/p, Voeam, 0w are the speed of light, clas-

gitudinal acceptance. The quantum lifetime is negligible
compared with these two effects. For a constant vacuulr '

||9_al electron radius, momentum acceptance, beam volume
d horizontal beam divergence, respectively. The angular

pressure, the lifetime caused by elastic beam-gas scattg
ing would be constant. However, the ATF vacuum pressur"’én ;
&rackets denote an average over the circumference, and

varies with beam current, especially in the arc sections A
the ring, as shown in Fig. 1. The reason for the current B Ap 2 2
dependent pressure is photodesorption due to synchrotron €A = 7
radiation. Assgmlng_ that the residual-gas composition % a factor defined by the ratio of the momentum accep-
constant, and including the effects of both Touschek an : .

. . . o tance and the horizontal beam divergence. The momen-
gas scattering, the differential equation is [2]

tum acceptancép is given either by the height of the rf

V2o me

1 dN(@) 1 N@) l:.)uckeF or by the (physical_ or dyngmic) aperture_ at a posi-
= Pt - —— (1)  tion with nonzero dispersion, whichever value is smaller.
N(t) dt TTou NU . . . .
Eq. (4) shows that the Touschek lifetime is proportional
a=72x10% ZPiUi[Pa_l 571, (2) to the beam volume. Since this volume varies with the
i beam current due to effects such as potential well distortion
and (multiple) intra-beam scattering, in general the factor
() Time Dependence (B) Time Dependence (Nu7rew) is Not independent of the beam current.
of Bunch Population of Averaged Vacuum Pressure
10 — 2
3 of 2 3 BEAM LIFETIME MEASUREMENT
z z 3.1 Experimental Apparatus
E g o1t . . .
2 g Parameters of the ATF damping ring relevant for this mea-
5 % P v Seeton ] surement are shown in Table 1. The beam current and vac-
8 b T 3 GpEnieRng uum pressure were recorded simultaneously as in Fig. 1.
40‘?’ime [31300 oo = o o e [81800 1200 The beam current was measured with a DC Current Trans-

formar (DCCT), and the vacuum pressure was measured

with 28 Cold Cathod Gauges (CCG). For the lifetime cal-
Figure 1: Time Dependence of Beam Current and Vacuugulations we used an average of the pressure readings
Pressure: these two data was taken simultaneously. weighted by the distance between individual CCGs.
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Table 1: DR Main Parameters in This Measurement

Vertical Dispersion in ATF damping ring

0' T T T T T T T T T
RF Frequency fRF 713.996 MHz ' ° After Dispersion Correction

RE Voltage er 280 kV E i = Before Dispersion Correction ]

Harmonic Number h 330 s s S L
Natural Emittance €x 1.122 nm R I ol J AP

Natural Bunch Length o, 5.211 mm T
Natural Momentum Spread ¢ 5434 x 1071 s F ' ) S0
RF Momentum Acceptance Ap/p 0.01236 > . '_ '
Momentum Compaction  ayp;  2.141 x 1073 0l ——5"30 30 40 50 80 70 80 90
BPM Number

3.2 \ertical Dispersion

The vertical dispersion in the damping ring was reduced to
about 1 cm after dispersion correction [4]. Fig. 2 shows the
vertical dispersion before and after the correction. From a
simulation reproducing the measurggl by vertical steer-
ings, the vertical emittance was evaluated. The results are
shown in Table 2, which includes the contributions to the
equilibrium emittance both from the vertical dispersion ané.4  Evaluation of Vertical Emittance

from Fhe betatron coupling that is cgu;ed by_ an Of-f'cem%quation (4) can be solved for the vertical emittance,
orbit in the sextupoles. However, it is not included any

Figure 2: Vertical Dispersion in ATF Damping Ring

Table 2: Evaluated Emittance from Dispersion Data

Before Dispersion Correction Data  0.062 nm
After Dispersion Correction Data  0.002 nm

other errors. ¢y =G (NoTrow)’ (10)
3.3 Estimation of Touschek Lifetime 2

2
The lifetime data were taken before and after the disper- G = cry Flea) (11)

sion corr_ectio_n described in Sec. 3.2. The fi_tteq values 873 <0w%/ \/3_y>00 (%)z
of «, defined in Eqg. (2), and of the Touschek lifetime are

shown in Fig. 3 (a) and (b) as a function of the initial bunchAssuming that the momentum acceptance is given by the rf
population. The fitting was carried out with Eq. (3). Thebucket height and using the design optics, the factas
value of« in Fig. 3(a) should be independent of the bunci8-797 x 10~%¢ ms™. From Egs. (9) and (10), the natural
current; however, the figure clearly shows some residudPrtical emittance is estimated:

beam-current dependence. We conjecture that the main
source of this phenonenon was the change in the Touschek
lifetime, Eq. (4), due to an intensity-dependent bunch vol-

ume, whereas the integration of Eqg. (1) assumed a constaiese values are 2 times or more larger than the evaluated
value of(No77,,). An improved estimate of the Touschekvertical emittance quoted in Sec. 3.2. Thus, there is some
lifetime in the ATF damping ring was obtained employinguncertainty in this estimate of the vertical emittance. One

the following procedure. At first, using the fact that theexplanation might be differences between the actual and

Touschek lifetime is extremely long at small current, thehe design optics, which were also evidentin measurements
factora was determined from a linear extrapolation to zero

beam current:

Before Correction ¢, = 0.1636 [nm],

After Correction ¢, = 0.0243 [nm]. (12)

(a) Factor a at Zero Current

(b) Touschek Beam Lifetime
as a Function of Beam Current

as a Function of Beam Current
5000 s aae Rt

Ly

Before Dispersion Correction «(0) = 1876,
After Dispersion Correction «(0) = 1767 .

& o Before Correction
= After Correction -

-=-Before Correction
-=- After Correction

2400

(8) 4000F 4

2200

For the next step, the Touschek lifetime was fitted agait
this time keepingy in Eqg. 3 constant, equal ta(0) of

Eq. (8). The fitted result afNo77r,.,) IS shown in Fig. 3(c),

as a function of the initial beam curreiy,. From a linear
fit to the data in Fig. 3(c),No7r..) Was determined:
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= 4.31 x 10'2 4 365Ny,
= 1.66 x 10" + 184Ny. (9)

So, the productNy7r,,) increased with the initial beam
current. As mentioned, we attribute this increase of th

Touschek lifetime to an increase of the beam volume ..
higher current, possibly caused by intra-beam scattering

and potential well distortion.

Figure 3: Results for Measurement of Touschek Lifetime
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of beta functions and dispersion[4]. Systematic errors i
the fitted value of«(0), which was determined using a lin-
ear extrapolation, represent another possible error souree=
However, Fig. 3 (d) depicting the vertical emittance for var-_' < kvl | Ap/p[%] a(0) NoTrou [?]2 ¢y [nm]
ious values o (0), shows that, for the corrected dispersion 0.99 1801 0.96 x 10 0.0185

;Lable 3: Results of Cavity Voltage Dependence : () shows
the estimated acceptance due to the transverse aperture.

12
case, small changesr(0) do not much change the result. ~ 390 1.29 1774 1.63x 10>  0.0197
400 1.54 1779 1.84 x 10'2  0.0130
3.5 Effect of Dynamic Aperture (1.41) (0.0209)

As indicated above, the calculated emittance would be dif:'avity voltage, suggesting that here the momentum accep-
ferent, if the longitudinal acceptance were limited by thgance was limited by the transverse aperture. In Fig. 4(b),
transverse aperture at a location with nonzero dispersigfe solid line shows the vertical emittance calculated for an
and not by the rf bucket height. Since the transverse ap&fzceptance determined only by the rf bucket height, while
ture of the ATF damping ring was found to be extremeljne gashed line shows the vertical emittance calculated as-
small [5], such a transverse limitation of the longitudinak,ming as longitudinal acceptance the lower value of ei-
acceptance is not inconceivable. The cross section for Pafer the rf bucket height or the estimated transverse aper-
ticle loss due to elastic scattering on a gas atom of chargee givided by the average dispersion. In the latter case,

Zje is written as the estimated emittance is almost independent of the cavity

272 4, voltage.
oy 2204 5) (13)
72 A

4 SUMMARY
where A is the (radial) transverse acceptance, which can b% e L
related ta of Eq. (2) via The Touschek lifetime in the ATF damping ring was mea-

sured, and from the measured Touschek lifetime the ver-
N 95 {3) 2 1272 tical emntgncg was estlmateq. It seems that this method
AxT.2x10 a Zpl 42 : (14)  was effective in the lower emittance region, where the es-
¢ timated vertical emittance was abdut2 nm (2% of the

Assuming that the main constituents of the residual gas ah@rizontal). However, for more precise measurements of
Ny orCO molecules, and Considering an average horizoﬁhe vertical emittance with this methOd, a better model of
tal beta function of< 3, >= 3.87 m (the vertical beta the real machine optics will be required. Futhermore, we
function was slightly larger, about 3, >= 4.46 m), the plan to compare the result with a direct measurement of the

measured value af(0) corresponds to a full aperture in €Mittancej.e., a wire-scan emittance measurement for the
the horizontal direction of.37 mm. Since the average hor- €xtracted beam, to verify the reliability of this method.
izontal dispersion i§.0972 m, this aperture, which corre-

sponds to the bucket height of 1.41%, which is comparable 5 ACKNOWLEDGEMENT
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Figure 4: Vc Dependence for Touschek Lifetime
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