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* enhancement of the nonlinearity (a;) due
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" "Abstract

The nonlinear momentum-com action factor a; has been
obtained in the AGS by Mmeasuring transition energies at
different radial orbits using a low-intensity slow-ramped
Au”* beam. The beam loss during the transition cross-
ing is found to increase with increasing rf voltage, and
that the effect of chromatic nonlinearity (Jghnsen effect)

dominates the transition crossing. The experimental mea-
surement of beam loss agrees very well with TIBETAN

computer simulation.

1 INTRODUCTION

During the past several decades, the crossing of transition

* wse (ow mtencity Ay

2 EFFECTS OF CHROMATIC
NONLINEARITIES

In the low-intensity limit when the multiparticle effects are

negligible, the longitudinal motion of the particle can be

described in terms of its rf phase ¢ and energy deviation
W = AE/hw, by the equations

v .
Wapr = W, + %—(sin ¢n —sin é,.1)
'277hi s Wa
¢ﬂ+1 = ¢n + e 1]( +1) Wn+1 + és,ﬂ-}-l e ¢s,n

E‘ z
i (1)

where &,, w,, B.c, E, are the éynchronous phase, revo-
lution frequency, velocity, and energy, respectively, and &
and V are the rf harmonic and voltage. Here the slip factor
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PEERULH ) I LirC Imax1innum momcnti}m:ad al transilion.
Beam loss occurs when the particle escapes the of hucket,
and when the momentum exceeds the aperture.

3 EXPERIMENTAL SETUP AND
’ DATA REDUCTION

We perform the experiment in the AGS with Au™+ beams
at an intensity of about 1x108 jons per bunch. The beam
was made to cross transition (70 = 8.3) at various rates

=0.05, 0.1, and 0.5 T/s.
measured through the wall current monitor were recorded
at 5 ms time intervals on a LeCroy 7200 digital oscillo-
scope with 1 ns sampling resolution triggered by the gauss-
clock event which corresponds to a specified B field. The
recorded data (Fig. 1) was then transferred into SDS (Self-

T — S
Lo 2 3 lel - [horeetons o] e
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Figure 1: Typical digitized beam-profile data.

Describing Structure) format along with various beam and -

machine parameters, including beam intensity, V, B, B,
71, and the trigger delay time.

Signal deterioration due to system bandwidth limitation
and cable attenuation was determined by analyzing the sig-
nals on the LeCroy Scope generated by a series of pulses of
various time duration, inserted at the wall-current monitor
terminal. For pulses of FWHM width (W,) from 2 to 15ns,
the measured width W, is broadened by about 1.9 ns,

W =1.08 W, +1.9 (ns), (5)

The corresponding correction is made to the ‘measured -

data during the analysis.
A computer program GT_ANALY has been developed
0 analyse the SDS format beam-profile data generated
ither from the LeCroy scope or TIBETAN computer
imulation.[3] GT_ANALY first evaluates the average
ackground level using y° fitting. After the background is
ubtracted, the beam intensity, rms bunch length, skew-
ess, and kurtosis are subsequently evaluated by numerical
itegrations. The longitudinal beam emittance is calcu-
ted from the obtained bunch length using the calibrated
“voltage, magnetic field, and other machine parameters.
he beam loss is determined by evaluating the difference
 beam intensity at times (typically 100 ms) before and
ter the transition phase jump, which are long compared
T {(typreally 10 ms).

The longitudinal bunch profiles .

The accuracy of the beanr emittance caleulstion depends
on the calibration of the average ragnetic ficld, (e of
voltage, and the pulse broadening. The magnetic field s
obtained from the gauss-clock reading which has been cal-
tbrated by the frequency measurement. The rf voltage is
calibrated at various ramping rates (B=0.05, 0.1, and 0.5
T/s) by evaluating, at various voltage settings from 20 1o
270 kV, the actual rf voltage applied on the beam, which
1s deduced from the amount of synchronous phase jump at
transition.

4 MEASUREMENT OF a; FACTOR

Measurement of the nonlinear momentum-compaction fac
tor & is performed under three sextupole current (In,Iv)
settings at (190 A,0), (0,200 A), and (0,0), respectively. At
each sextupole setting, the beam is made to cross transi-
tion at two different radial orbits. As shown in Fig. 2,
the time of synchronous-phase switch-over near transj-

1.0

o8
«
«©
2 oo
-
Zos
o
2
]
Lo
Q
<
feag
o

0z}

) : .

00 01 02 03
PHASE SWITCH DELAY TIME (socs)

Figure 2: Beam loss versus the Phase-switch delay time
at radial positions Vp =30 V (left) and 2.5 V (right),
respectively, at B =0.] T/s with (Za,Iv)=(190 A 0).

to the times of the minimum beam Joss, The difference

At~ (-724+7) msin the minimum-loss delay time between

these two orbits corresponds to the difference in transition
energy at these two momentum offsets.

In order to determine the factor ay using Eq. 3, the
momentum offset § is calibrated against the radial-loop

surement is performed at energy v = 12.0 far above the
transition energy. The relation obtained is

8/AVR=(4.8+0.2) x 10-3 v-1. (6)

This result is consistent with the Ionization Position Mon-
itor (IPM) measurement of the beam radia] centroid posi-
tion at different radial-loop settings using a dispersion of
3.2 meters at the IPM location.

Using Eq. 6, the factor a; has been obtained along with
the transition ENeIgY Yrg at the various sextupole settings.
The results are suwmmarized in Table 1.
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the GT_ANALY beam-profile analysis and the beam cur-
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Table 1: AGS Transition energy and ay at Vg = 3.0 V.

(Ig,Iv) (A) | (190,0) | (0,200) | (0, 0) l
Y10 8.28 8.34 8.31
Q) 21405 | 45409 | 5.4£1.0
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I Resuts of the Experimental Study
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Future wmprevements oﬁ svmulation :
* R, tawmp a(§n3 with the yump
* program V\—f

*  odd vadial loop tracking
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. Conclusions and Discussion

¥ The curvent Jx jome scheme strongly distert

the lottice and enhances nonlinearity ™,

™%, ¢ 2. - QO Momen‘tur\'(y

Ke 2.2 = 3.6m , on momentum

oP _

¢ m , et F = - o.0§

4+ The current sextupole setup con 3rea‘Hy
(mprove the Longitudinal behaviour

%, : Qo > 16

but further Limits the momentum aperture

% (wmprovements on Y~ jwmp, /seu'tupale setup

con (mprove the AG 3 operation



