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Abstract a fast sample and hold circuit which is synchronized with

The precise measurement of the transverse tunes and tﬁ[h|e bunch passage. After analog processing the signal is

) . : T iditized turn-by-turn via a VEE system. The data is then
spectra is a basic demand in accelerator commissioning. . ; .
: : o acquired by a dedicated computer, which also performs the
provides a simple access tdtlae characterisation and val-

idation of the optical model. This contribution describe Fourier analysis and displays the results [5]. Previously,

. : Ihe number of revolutions sampled by this oscillation mon-
recent improvements of the tune monitor system at the Ac- P y

celerator Test Facility Damping Ring (ATF-DR) and the|t0r was 500, providing a tune resolution of 0.(_)02. Re-
. I cently, this number was extended to 2000, yielding a reso-
performance achieved. We present preliminary measur

. g . tion of 0.0005. In early 98, a second tune monitor system
ment results of beta functions, chromaticity, and dispersion . .
. : . ased on an FFT spectrum analyzer was installed, which

on arelaxed optics with 90 degree horizontal phase advance . . .
uses the same analog signal, processing and synchroniza-

per cell and compare these with the theoretical predictiontsIbn but which collects 3000 points, résg in a reso-

lution of 0.0003, or better with averaging, if the beam is

The generation of extremely low emittance beams is a ke During the initial commissioning, the tune was measured

characteristics of future linear colliders. It is essential in or“SiNd the residual injection oscillations, which oftexcas-
der to reach a luminosity of interest for high energy physicSitated to mis-steer the beam in order to produce a suffi-
at TeV energies. The ATF [1], which consists of a 1.54 Ge\gently large S|_gn.al gmphtude or cohe_rgr}ce time. A second,
S-band Linac [2] and a damping ring with strong focusing{gore severe I|m|tat|on was the.s_ensmvny of the measure-
[3], is a test-stand for the critical components necessary ent to the mmden} F’ea_m p03|t|on, thg beam energy and
produce such beams. Started late 95, the S-band 1.54 G@/beam .Ioss after injection, resulting in a measured tune
linac has successfully accelerated single bunch antl-mu sllghtly.qmeren.t from the actual tune of the stored beam.
bunch beams with energy compensation, up to 1.3 Gedn additional d.|sadvantage was_the presence of strong syn-
The commissioning of the damping ring began in early 94,‘hrobetatron sidebands, sometimes stronger than the beta-

and has progressed smoothly. In spring 97, a single bunfi?" sideband itself. ,
of 6 x 10° electrons was stored at 0.96 GeV. In the fol- N order to determine the real tune values of the stored

lowing months the energy was raised to 1.255 GeV and trgeeam, in the absence of a dedicated exciter, we presently

charge was increased 9o< 10° electrons per bunch. Dur- !nduce beam ogitations by shifting the bunch onto the ris-

ing the early stage of commissioning some discrepancidsd €dge of the (horizontal) extraction kicker, and rely on
between the calculated optical parameters and the measufi Petatron coupling of the ring to drive the vertical os-
ments were observed for the design lattice with 135 degr& lations. By using a BPM at a location W_'th smal,
horizontal phase advance per cell [4]. In October 97, th@nd larges, we_could obtain an adequate signal f(_)r tune
lattice was relaxed by reducing the phase advance per Cg"aasurements n bo_th planes. A drawbe_lck of this setu_p
to 90 degree, in order to ease the operation and to simpli the strong c_orrelat|on between the vertical clos_ed orbl_t
the comparison between measurements and model. In t d the coupling. In some cases, when the vertical orbit

paper we report recent modifications of the ATF tune mon/as small, we found that the vertical dations were t0o

itor system and first measurements of Twiss parameters f§£2K 10 give a satisfactory signal. Due to the averaging
the 90 degree lattice. the spectrum analyzer then exhibited broad peaks and gave

spurious results. Occasionally the measurement resolution
was affected by strong synchrobetatron sidebands, possibly
due to a head-tail instability.

The beam position in the ATF-DR is detected by standard
4 buttons type beam position monitors (BPMs). For tune 3 REPRODUCIBILITY AND OPTICS MODEL

measurements, the signal of one BPM is passed throquﬂe tune reproducility for a stored beam was recorded on

*Work supported by the U.S. Department of Energy, contract DEdifferent time scales,. see Table 1: 15 minutes correspond,
ACO03-76SF00515. for example, to a series of measurements on the same ele-
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ment, 12 hours to a study session and one week to 4 differ- Our recent studies focused on the 90 degrétic the

ent study sessions. The short term stability of the measumodel twiss functions of which are shown in Fig. 1. The
ments was of the same order as the resolution, justifying measurements were performed in great detail on one half
the increase of resolution introduced early 98 and askimyf the ring. Some points were also taken on the second half

for further improvements. to check for symmetry. The results were as follows.
time | 15min| 12h | one week c 30 0.3
q. | 0.0004| 0.002 0.003 =
q, | 0.0004| 0.0015| 0.002 > 20
c
Table 1: Reproducibity of the fractional tune measured for (: 2 0.2
a stored beam over different periods of time; the resolutior <
for a single measurement is 0.0003.
In 1997, discrepancies were found between the measure 01
[ values and the theoretical optical model calculated frorn
the magnet specifications by SAD [6]. Subsequently, the
measured BPM response matrix was used to construct 0.0
7

new model, which includes fitted gradient errors for all
quadrupoles magnets (see Fig. 1). The tunes predicte Figure 1: Model optics for one half of the ATF-DR.
from this fitted model for the 90 degree lattice are 11.464
in the horizontal and 7.371 in the vertical plane, in excel- Arc quadrupoles QFIR: the measured values were
Isepnetci‘%rfqe;?l:l?;zv:rt?otzg Jr:rfg%nggg“)'r;isd rgr??rfglr:':ogn ﬂI1c§osely related to the theoretical ones in both planes, possi-
i : ' I h llch f he tri
monitor (0.464 and 0.369). By contrast, for the 135 del?y due to the small changes of tunes produced by the trim

. . . coils (of the order of 0.003 to 0.005) and to the t&sg
gree design lattice studied 1997, the measured and modelIack of accuracy irp.

;ﬁ;gfeig;egfoogg Lljrrllittzer;/r?]r;;aelglf:ree,svgr\/l IeedkEZ]r izontally a Arc quadrupoles QF2R: the, values were correlated to
' ’ the SAD values (correlation coeffcient: 0.83). Theval-
ues recorded on 2 different studies and the SAD calculation

4 5 FUNCTION MEASUREMENTS are shown in Fig. 2.
All quadrupoles and combined-function bending magnets 10 ]
of the ATF-DR are equipped with trim coils allowing lo- — xSAD % 4
cal gradient changes. Using the well known formalg = 8 - E§ 1st meas. g fo
4—;/3 Ak, one can calculate the value of théunction from -—0— px 2nd meas. I:\L\ i
the tune variatio\ ¢ produced by a chang&% in the inte- 6 °  Px2ndhalfofring [N (

grated focusing strength. The accuracy of the meastired
value is determined by the relative size of the measuremer 4
errordq and the induced tune changdey.

The measurement errég depends on the stability of the 2
machine and on the resolution. To estimatewe recorded ‘ ‘ ‘ ‘ ‘
between each quadrupole measurement the "bare” tune ai © ‘
used its standard deviatiery over the series of measure- 10 20 30 40 %0 60
ments to characterize the stability. Figure 2: Localg, measurements at QF2R quadrupoles.

The induced changAg is limited either by the strength
of the trim coil power supply or by the optical perturbation The averages of the measured |lgéakalues can be com-
introduced preventing the storage of the beam, for examplpared with the3 values deduced from a global change of
by pushing the beam onto resonances or by changing ttiee main power supply of the arc quadrupoles. The re-
injection trajectories. sults, in Table 2, show a good agreement between the av-

The first measurements of th# functions were per- erages and the global measurements for both families of
formed in May 1997 for the 135 degresdtlae [7]. These quadrupoles, but up 86% discrepancy between the mea-
measurements used the trim coils of the arc quadrupolesred and modelled at QF2R, which is not yet explained.
family QF1R.x, located close to the bending magnets at low Straight sections: the QMR quadrupoles are powered in
B, and on the QF2R.x family, located at the center of theairs. The two magnets of each pair are located at axi-
regular arc cell, wherg, is maximum. The unsatisfactory ally symmetric positions around the ring. By changing the
results at that time were explained by the poor resolution @orresponding power supply, we (globally) measure the av-
the tune measurement. erageg at the two locations. In both planes, the measured

s (m)




Ba By the frequency ramp. These times are of the same size as
QF1R ave. local meas. 2.16 £ 0.68 | 3.17 £ 0.77 the longitudinal damping time (about 40 ms), which may
QF1R global meas. | 1.88£0.10 | 3.09 £ 0.15 introduce a systematic measurement error. Note that the
QF1R model pred. 2.26 3.57 observed orbit change is proportional ((p A f,.;/«..), SO
QF2R ave. local meag. 5.51 £ 0.51 | 2.93 £+ 0.60 that we cannot easily distinguish deviationgiand ...
QF2R global meas. | 4.95+0.14 | 3.03 £ 0.09 Figure 4 compares the measured dispersion functions
QF2R model pred. 3.69 2.24 with those calculated using the fitted model. The residual

vertical dispersion is close to zero; the average horizon-
tal dispersion is about 20% percent smaller than the model
calculation, perhaps indicating a systematic measurement
error, e.g, due to a nonadiabaticity of the frequency ramp.

Table 2: Comparison of measured logahverages, global
[/ measurements, and model predictions.

observable measured ideal | fitted
Aé,(Aksrp =3.4%) | 0.9+0.6 | 1.2 1.4 )
A&y (Aksp =2.9%) | 2405 | 2.7 2.5 2l m E

Table 3: Variation of chromaticity with sextupole strength: :
measurement and predictions for ideal and fitted model.

I
50
o

|
&P M Numbe

averages agree well with the calculation. A few individ-

ual trim power supplies allow us to perform local measureFigure 4: (Left) horizontal and (right) vertical dispersion;
ments as well. Their results are consistent with the meaeasurement (symbols) and model (lines).

sured averages and do not reveal a large asymmetry. Figure

3 shows3 values for the horizontal plane. 7 CONCLUSIONS

50 The measured and calculatgt functions show a good

[ c — xSAD agreement in the stra|gr_1t sections, while in the arcs mea-
07 x % --—- Bx global surements and model differ by up to 35%. The measure-

| o pxlocal ment of the vertical beta function was hampered by the ab-
30 I ¢ sence of a vertical excitation. It is still lacking resolution
20 } in both planes for the single-shot measurements. The ob-

i served variation of chromaticity with sextupole strength is
07 roughly consistent with the fitted model and confirms the
0 I absence of gross optical errors. The measured arc disper-

sion is about 20% lower than calculated.

Figure 3: Global and locat,. values in the straight section. 8 ACKNOWLEDGEMENTS
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