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ESTIMATION OF BETATRON COUPLING AND VERTICAL DISPERSION
FOR SPRING-8 STORAGE RING
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The results of investigations on the betatron coupling of the 0.4
SPring-8 storage ring are described, which imply that the 2 c 1
coupling of the normal operation is less than 0.1 %. The P 0.35¢ ]
correction scheme of the vertical dispersion, which limits < 0.3k ?% ]
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The betatron coupling is one of the most important param-
eters of storage rings for high brilliant light source. By -0.15-0.1-0.05 0 0.05 0.1 0.15
the precise alignment of the magnets [1] and the proper Distance from Resonande
COD correction [2], the SPring-8 storage ring succeeded
in achieving the very small linear betatron coupling withFigure 1: Measurements of mode frequency as a function
out skew quadrupole corrector magnets. To prove this faaif detuning.
we study the betatron coupling of the SPring-8 storage ring.

The measurement of the vertical emittance of the stored
beam is the most preferable method to know the coupling/hich is shown in Figure 2. At the normal operation point,
But, since the vertical emittance of the SPring-8 storagdl€ coupling ratio: is estimated to be around 0.06 %.
ring is too small to measure, at present we have not yet
measured it. Hence, by measuring the dependencies of the 10*
various ring parameters on the betatron coupling, we prove
the validity of our estimation of the betatron coupling. 10°
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2 COUPLING MEASUREMENTS

S 2
The operation point of the SPring-8 storage ring is in the8 10
neighborhood of (51.16, 16.32). The difference resonance 103
of v, — v, = 35 mainly contributes to the betatron cou- 4
pling. As changing the horizontal tune while keeping the 10
vertical one constant, We investigate the response of the -0.2 -0.1 0 0.1 0.2

parameters of the SPring-8 storage ring. Distance from Resonande
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2.1 Mode Tune Separation Figure 2: Linear coupling derived from mode tune.

By the single resonance approximation, the eigen (mea-
sured) tunes/; and;; are represented by unperturbed

tunesv, and,, as [3] 2.2 Touscheck Lifetime
A1 The Touscheck effect is crucial for electron storage rings
v, F— 4+ -V/A2Z+ (2, 1 _ . . ) L
VLT = Vey F 272 + @ with low emittance since the high beam density increases

whereA is the distance from resonance @hd is the driviri§® Probability for scattering between electrons. The Tou-
term of resonance. Here the integral parts of the tunes a¥eheck lifetime is proportional to the bunch volume and

neglected. In Figure 1, we plot the tunes measured whil@@nce sensitive to the coupling ratio.
changing operation point. The coupling rato is calcu- The dependence of the Touscheck lifetime on the cou-

lated fromA and. as pling ratio is studied, which is shown in Figure 3. The
solid line in Figure 3 represents the Touscheck lifetime cal-

2
= % , (2) culated with the flat beam approximation [5]. The bunch
%+ 24 lengths measured at that time did not change significantly
* Email: takao@spring8.or.jp in the present range of the coupling ratio, which almost
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Figure 3: Lifetime as a function of betatron coupling . - . i -
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equal to 45 ps at single bunch of 1 mA. The dependence of
the Touscheck lifetime on the coupling ratio can be fitte

to that of the bunch volume ?—'igure 4: Coherent oscillation measured by turn-by-turn

BPM.

N

L+w’ can not measure the coupling ratio of the normal operation
whereo, is the bunch widtl, s the bunch height, and point by the coherent oscillations. The solid line in Fig-

is the bunch length, respectively. The measurements weltee 5 corresponds to the coupling ratio calculated from the

performed for single bunch with 1 mA and 21 bunches wittinode tune separation. Figure 5 shows fairly good agree-

21 mA (1 mA per bunch) and chromaticity{ &, )=(3,
4), (0, 0), which imply that the lifetime is scarcely depend 10*

®3)
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on the chromaticity. % | %
illati X 10 E E
2.3 Coherent Oscillations = & / ]
= 1| : b
Although the Touscheck lifetime has the sensitivity to the 2 10 £ o E
coupling ratio, there is ambiguity in relating it to the cou- 8 5 & D i ]
pling ratio. Hence we more directly study the coupling ra- 10° ¢ E
tio by measuring the coherent oscillation after horizontal g 3 3
kick in terms of turn-by-turn beam position monitor. One 108 Loy Lo b b b b
then finds the beats in the envelopes of the coherent oscilla- -0.06 -0.04 -0.02 0 0.02 0.04 0.06

tions in the horizontal and vertical planes, which originate

in the interchange of energy between the two oscillations.

By firing a horizontal pulse magnet, we give aboutb0 rad , ) i

kick to a single bunch. Measured oscillations with the eSE|gur§ 5: Horizontal Emittance as a function of betatron

timated coupling ratio 0.06 %, 5 % and 35 % are showﬁouP“ng“ :

in Figure 4, where the black and gray regions indicate the ) )

horizontal and vertical oscillations, respectively. ment between the couplings estimated from the coherent
In terms of the ratia> of the minimum to the maximum®©Scillation and derived by mode tune separation.

of the horizontal envelope oscillation and the period  of

the envelope beat oscillations, the distance from resonan2ed  Horizontal Emittance

A and the coupling driving terre’  are given by [3, 4]

Distance from Resonande

The horizontal emittance also directly represents the cou-
rar) pling ratio. By measuring the loss rate of a bunched beam

A= % , C= %G , (4)  when pushed to septum wall by injection pulse bump, we

estimate the bunch width and then the horizontal emittance.
where!" is scaled by the revolution period, i.e. equals to thigigure 6 shows the loss rate for the cases of the estimated
turn number. The coupling ratios estimated from the dateoupling ratio 0.06 % and 43 %, where the open circles and
of turn-by-turn BPM are given in Figure 5. Note that wethe solid line denote the measured coupling and the fitted
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) ) with several bunches.
Figure 6: Loss rate of stored current as a function of beam

osition. : . L
P spread due to the vertical dispersion is comparable to that

due to the linear betatron coupling. It is intended to in-
%tall 24 skew quadrupole magnets at the dispersive sections
for correcting the vertical dispersion. The simulation result
represented in Figure 9 shows that the skew quadrupole
correctors reduce the vertical dispersion by half in r.m.s..

pendence of the horizontal emittance on the coupling rati
which also implies that we fairly well estimate and contro
the coupling ratio.

§ 8 S D B I The correction of the vertical dispersion is limited by the
IS 7 E 0 Gy E measurement accuracy of BPM, which at present is order
'é = 6 8 b\ E of a fewu m’s. The correction scheme is imposed with the
ws 5S¢ E constraint of not exciting any other resonances so that it
< g 4 F ANG does not deteriorate the linear betatron coupling.
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Figure 7: Horizontal Emittance, ~as a function of beta- 8 2 | |~ "DOE
tron couplingx . The solid line denotes the fitted result of Ea 10 E .
ez = €o/(1+£), whereey, =6.8= 0.7 nmrad is the natural C ]
emittance. -20 B e
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3 CORRECTION
Figure 9: Vertical dispersion before and after correction.
The coupling ratio of the SPring-8 storage ring is so small

that the faint skew quadrupole fields produced by the gap
drives of some insertion devices immediately make the 4 REFERENCES
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