Observation of the Single-Bunch Instabilities in the SPring-8 Storage RingTakeshi NAKAMURA, Shiro TAKANO, Mitsuhiro MASAKI, Kouichi SOUTOME, Masaru TAKAO, Keiko KUMAGAI, Takashi OHSHIMA, Shinya OHISHI, Kazuhiro TAMURA,Kouji TSUMAKI, Taihei SHIMADA, Haruo OHKUMA,Masazumi SHOJI, Shigeki SASAKISPring-81-1-1 Kouto, Mikazuki-cho, Sayo-gun, Hyogo 679-5198, Japan1 IntroductionMeasurement of the bunch-current dependentphenomena on the beam was performed in the SPring-8storage ring. We measured the bunch-current dependence ofbunch length, synchronous phase in the RF accelerationfield and the frequency response of the betatron motion ofthe bunch. During this measurement, we observed thevertical oscillation of the beam without external force abovecertain bunch current. We measured the dependence of thisthreshold current on chromaticity of the ring and positivechromaticity can cure it and we could store more than10mA/bunch which is twice of the target bunch current.The analysis of the results based on the simulation study isreported in. [1]. The machine parameters of the SPring-8 storage ring issummarised in Table 1. The beam pipe elements are in thereference[1].Table 1 : Parameters of the SPring-8 storage ringEnergyE08GeVCircumferenceC1436mRF FrequencyfRF508.58MHzHarmonicsh2436Momentum Compaction Factora1.46·10-4Radiation Loss/TurnUrad8.91MVNominal Acceleration VoltageVc12MVSynchrotron Frequencyfs~1.5kHzNatural energy spreadsd1.086·10-3(calculated from the magnetic field measurement of thedipole magnets.)2 Bunch Length The bunch length was measured by a streak camera,Hamamatsu C6860 with a synchro-scan unit, using visiblesynchrotron radiation from a bending magnet.. The fullscale of time range used in this measurement is 100ps to200ps and timing resolution is 2ps to 4ps, respectively. Thetiming signal for the synchro-scan unit is the 1/7 frequencydivided signal of the 508.58MHz reference signal for the RFacceleration system. The phase of the cavity voltage iscontrolled by a phase-lock loop to keep the relative phase tothis reference signal.The bunch current dependence of the bunch length is inFig 1 and the shape of the bunch is shown in Fig 2. At lowbunch current, the natural energy spread can be obtainedfrom the bunch length using the relation st = (a/ws) sdwhere st is rms bunch length, sd is the rms relative energyspread and ws is the synchrotron angular frequency. Theobtained value of sd is consistent with the energy spreadmeasurement using chromatic synchrotron side-bands[2].

02040608010002468

RF VoltageFig.1 Bunch length vs. bunch current at two values of theRF acceleration voltages.

05 1051 1061.5 1062 106020

Time / psFig.2 bunch shape at low current. The solid line is a fittedcurve using Gaussian shape with rms. = 16.3ps. TheRF voltage is 11.6MV and the synchrotronfrequency is 1520Hz. The calculated value from thenatural energy spread is 16.6ps.

01050100150

8.85 mAFig.3 Bunch shape and forward shift of bunch position. Asthe bunch current increases, the bunch has longertail and the timing of bunch become earlier tocompensate the parasitic energy loss of the bunch.The parasitic loss is the energy radiated to wakefields at impedance.3 Synchronous Phase The bunch-current dependence of the synchronous phaseof the centre of mass of the bunch in RF acceleration fieldwas measured also by the streak camera and the results areshown also in Figure 2.

9010011012013014002 1054 105

24681012Center of Mass Position andParasitic Loss

CM position/ps

Parasitic Energy Loss / VFig. 4 Centre of Mass position of the bunch and calculatedparasitic energy loss vs. bunch current.The synchronous phase, fs = wRF · (CM position in time),is related to the energy loss of the bunch during onerevolution, U, with the relation sinfs = U / eVc where Vc isthe acceleration voltage. The energy loss U is the sum of theradiation loss Urad which is constant and the parasitic lossUpara which is dissipated to the wake field and hasdependence on bunch-current.5 Transverse Instabilities at Negative Chromaticity When the chromaticity of the ring is -4.3, we observedvertical betatron oscillation without adding externalshaking , at the bunch current above 0.5mA/bunch. Thisoscillation is detected by a button pick-up electrode attachedto the beam pipe and the signal from it was monitored bythe spectrum analyser. When this oscillation arose, theeminent peak near the vertical betatron frequency wasobserved at the display of the analyser. The single-passbeam position monitor system with button pick-up electrodealso detected this oscillation.4 Transverse Instabilities at Non-Negative ChromaticityAt nearly zero vertical chromaticity, xy = 0.24, Weobserved vertical betatron oscillation without shaking of thebeam at the bunch current above 3.5~4 mA/bunch which isone order larger current than at negative chromaticity -4.3.With vertical chromaticity above 4, we could not observeany oscillation of the beam up to 12 mA/bunch where wehad to stop injection because of the increase of the vacuumpressure. The current value of the nominal verticalchromaticity is set to this.The bunch-current dependence of the frequency responseof the vertical betatron motion of the beam to externalshaking was measured and is shown in Fig 6. The tunemonitor system of the ring is used for this measurement andthe set-up is shown in Fig 5.

beam tracking generatorsignal output input

Spectrum Analyzer fRF + fb strip-line botton-pickup fbfRF + fb fRFFig. 5 Set-up for the measurement of the frequencyresponse of the vertical betatron motion of the beam.

-120-110-100-90-80-130-120-110-100-9062 10

Frequency Response ofBetatron Motion

4.7 mA8.9 mA

-130-120-110-100-90-80-140-130-120-110-100

68 103Frequency Response ofBetatron Motion

0.1 mA0.5 mAFig. 6 Frequency response of vertical betatron motion vs.bunch current.References[1] T. Nakamura et al., �Single-Bunch Instabilities in theSPring-8 Storage Ring:: Comparison with Simulationbased on Estimated Impedance", this proceedings.