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Abstract Diagnostics and data recording:

At the ESRF, the transverse instability threshold which e Sweeping tune monitor (the high sensitivity of the
limits the maximum intensity per bunch is pushed by detection allows a precise recording, even at very
increasing the vertical chromaticity to large positive low current in single bunch).

values. To overcome the induced reduction in lifetime, a e Transverse profile monitor using pin hole camera.
feedback has been developed, but it has turned out lesse Streak camera

effective than the chromaticity overcompensation. With ) o

the increased impedance resulting from the installation &1 Z€ro vertical chromaticity

low gap vacuum chambers, the accumulation of highy ,erq chromaticity, according to theory, we could
single bunch current bfacomes .|ncreasmgly difficult. TQpserve the coupling of mode 0 and -1 (Fig. 1).
understand the underlying physics and thereby to explo g nes synchrotron sidebands
better settings, the transverse single bunch effects ¢ ., P ‘ —]°
. . . . zero chromaticity
being thoroughly investigated experimentally as modc 0 £-0.073
function of the parameters involved such as chromaticity 39
beam current, bunch length. In parallel, an attempt \
made to give a comprehensive theoretical description ' o.ss
the transverse single bunch instabilities observed at tl \\\
ESRF is attempted with the development of ©-s88 mode T ~a
multiparticle tracking code. In both approaches, th
influence of the chromaticity on the merging of the heac®°*° 0‘2 o =
tail modes and the impact of the beam spectrum shift wiw. ) | ¢mA / per bunch) ,
chromaticity and bunch lengthening are studied. The Figure 1: Observation of mode coupling
perfor_mance of the feedback for different settings of th?.Z Low vertical chromaticity
machine is also evaluated.
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At low chromaticity, the two or three instability
1 INTRODUCTION thresholds could be explained by a weak coupling and de-

At the ESRFsingle bunchand associated modes (16coupllng of higher order modes or by head-tail instability

Bunch, 32 Bunch, Hybrid,..) represent about 30% of tngf mode -1,-2 or -3 (Fig 2).

machine operating time. The higheak brilliance Tunes synchrotron sidebands

requested by the users has always to be weighed again °°° W 0w chromatici °

the associated moderdifetime. 0.388 |mode 0 5 o ng)(_);ns?lmy
The threshold otransverse instabilities which limit 0.386

the maximum intensity per bunch is increased by pushing, 5, | mode -1

the vertical chromaticity to large positive values. The

induced reduction of transverse acceptance and tuné 3%

spread leads to injection saturation and lifetime reduction. ©-38
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For tuning and improving the performances of the oa7s i’ //Z-%éxmo‘ie 12 i -s.
machine in single bunch, a study based on experimen, .. qunstableF \\ £
and simulation has been initiated [1]. = G
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I ( mA / per bunch)

2 EXPERIMENTAL OBSERVATIONS
Machine parameters for single bunch experiments:
e Vert. and hor. chromaticities ¢ = Av /UAp/ 0 2.3 High vertical chromaticity

Figure 2: Observation of double threshold

e Vert. and hor. tune

e Bunch length (RF voltage from 6 to 12 MV) At high &, the strong detuning of the main peak of the

e Optics (beta functions and dispersion) tune spectrum covers a large number of synchrotron
¢ Resonance corrections satellites with no sign of mode coupling (Fig. 3). At a

e Single bunch feedback given &, the large variation of the bunch length as a
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function of the current (factor 2.5 between 0 and 15 mA) 3 THEORETICAL STUDY
contributes to the shift of the peak observed in the low
frequency range [2]. The instability threshold is given b
the head-tail mechanism of high order modes.

The understanding of the complicated mechanism
)éoverning the high current regime, including the
important role of the chromaticity is the primary

T““i synchrotron sidebands objective. The modelling of the impedance therefore
0.38 high chromaticity|] :; becomes the key issue. We have firstly focused on the

o057 k £=0.9 s low current and low chromaticity regime, namely the
\‘\ 4 mode merging regime, since it is well understood by the

%6 AV s existing theory. The mode merging instability has been
0.35 -6 clearly observed at the ESRF as well, while at higher
0. \‘H‘\ -7 currents the head tail instability seems to dominate.
-8 Besides the analytical approaches, we have developed

083 | ‘IE ‘:’O simulation tools in both the frequency and time domains.
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I ( mA / per bunch)
Figure 3: High chromaticity regime 3.1 Developed Tools
The Vlasov-Sacherer formalism in thigequency

2.4 Intensity threshold domain is followed [4,5], by using the code MOSES that

The simulation predicts a strong dependency of thi¥Orks with an extended Sacherer’s theory to the mode
instability threshold on a chromaticity larger than 0.gnerging [6]. A modified version using Mathematica has
which was checked for different bunch lengths (Fig. 4)t_)een created in ord(_ar_to work with any kind of impedance
At very high value, the maximum current is limited byand not only the original BBR (Broad Band Resonator).
the saturation of the injection possibly induced by th&S anticipated, this approach is very efficient and fast to
reduction of the transverse acceptance. The curref@MPpute detuning curves at low chromaticity when the
instability threshold is determined by the blow-up of thdnodes are still close to the zero-current Hermitic base and

vertical transverse profile and the spontaneous signal @RlY @ few of them participate. However, beyond the
the tune monitor. mode-merging regime, it is found that the results strongly

depend on the matrix size, affecting also the computation

e ;ﬁz‘:’gﬂ : time. This illustrates the fact that at high chromaticity, the
15 ' inidction instability mechanism involves the interaction of many
/T satfiration zero-current modes.
Z1zs : We have also developedime domain tracking code
§_ / E [7]. The impedance effect is averaged over one turn, and
T 10 ! represented by a single kick for the turn by turn
% Ve=8 MY, ! computation of the particle distribution. The quantities of
G 75 : interest, such as the detuning curves, are derived from the
f: ' transverse signal recorded at each turn. The spectrum of
5 . the different modes is extracted from the computation
/VRF: 2Mw; with a precision smaller thag (Fig. 5).
= 4 : / modg 0 prrg‘itlljl;ll‘:‘lrsll
M : / 7zero chromarticity
02 03 04 05 06 07 038 v 4
chromaticity / mode —|1
Figure 4: Intensity threshold W mode —2
This curve had a direct implication for operation. The L=——_1_ = 2%({ = — =
minimisation of the RF voltage and chromaticity for 15 frequency [GH~]
mA resulted in a consequent increase of the lifetime. / /\ h?pﬁ;;g%gm
2.5 Feedback / i rode
The performance of the transverse single bunch / //\\
feedback [3], developed for the ESRF declined as thel_——— - — — — ——
chromaticity increased for the delivery of single bunch at‘ frequency [GIHz]
high current. The gain of 3 obtained at low chromaticity Figure 5: Mode Spectra

was reduced to almost zero at the increased chromaticityat |ow chromaticity, tracking results show a perfect

needed to reach more than 15 mA. The feedback, Whiﬁ'@;reement with the Moses method. However at high

acts on the low frequency transverse signal, will thereforg, omaticity, the tracking is more efficient since different
be simulated and tested for the different regimes. modes do not need to be treated explicitly.
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3.2 Impedance model

The ESRF storage ring vacuum chambers may be A
grouped into two classes: the first one is the low gap PN
insertion chambers. It corresponds to thsistive wall
type impedance, which is preponderant at low frequency.
The rest of the vacuum chamber elements, including
tapers, bellow, RF cavities..., is represented BB&
impedancepeaked at high frequency. The installation of
two new cavities (on top of the four existing) ones did not
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have a large effect on the transverse instability threshold. \\\
This confirms the low contribution of the cavities. o \
The fit of the observed merging of the two modes 0 032
and -1 with the BBR model gives °F %% ematicity T
f,=20 GHz, R=4.3 N/m, Q=1. Figure 6: Tune shift at theshold

These figures were obtained by using a vertical betfa To explore the real part of the |mpedancg up 'to high
. . requencies, the measurement of the damping time has
value of 2.7 meters. The influence of the beta function on

. . . : een attempted in the same spirit as the growth rate
the instability threshold will be simulated and looked a?neasurement made at CERN PS. A first set of

experimentally. The resistive wall impedance model can

equally fit the detuning observed at low chromaticit measurements however indicates a much lower value
quaty 9 y'than the radiation damping time. The discrepancy will be

However, the estimation using the realistic ESRF low gal%oked at in more detail by taking into account the

champer configuration explains only a part of thedecoherence induced by the effect due to tune spread.
detuning curve observed.

At higher chromaticities, the fit with the BBR model
leads to different results depending upon different 4 CONCLUSION
detuning curves. This discrepancy would indicate that the The new emphasis put on single bunch transverse
model is not adequate at high current. The fact thatotion studies last year had already produced results
different results are obtained may be the consequencewdfich are applied to the operation of the machine. After
sampling the impedance effect in different frequencyhe initial work at low current and low chromaticity, the
ranges with chromaticity and bunch length. study is now focused on the high current regime. The
We may speculate that at a low chromaticity, namely innification of the resistive wall model and the broad band
the low frequency range, the ESRF impedance is resistivesonator for the characterisation of the impedance is
wall dominated, while at higher chromaticities, it wouldunder way.
be a mixture of the former and of the BBR. The future

work will quantify the impedance model along this 5 ACKNOWLEDGEMENTS

direction. The authors would like to express their special thanks

3.3 Studies at higher current to L Farvacque and JM Filhol for their contribution to
this work. The development of efficient diagnostics by E
As observed, the tracking shows no coupling and nPlouviez and K Scheidt has been essential for this
detuning of modes but a negative shift over manywdy. The assistance of N Michel and JM Koch in the

synchrotron sidebands of a single large peak (Fig. 3).  development of the feedback was greatly appreciated.
The curve (Fig. 6) deduced from the experiments

(Fig.4) shows that the spontaneous tune shift at threshold REFERENCES
does not depend on the RF voltage. The coherent shiff p kernel, R Nagaoka, J-L. Revol, “ESRF Machine
may be interpreted as successive head-tail mode Techinical Note”, 48-97/MDT, 4-98/Theory, 32-98/MDT.

excitations from low to very high orders. (2] J_Ja?:og et arl]l.“lnf:juence Ctif b“-f'crégeé‘gtﬂert"”ﬁ gglggnsvefse
. : : single bunch mode spectrum" , ote 4- .
An ap’prOX|ma'te relation may be obtained fron*[3] J-L Revol, E Plouviez “Diagnostics and equipments for
Sacherer’s equation for mode 0: single bunch operation at ESRF”, EPAC 94, London.
acherer, “Transverse Bunched-Beam Instabilities”,
1 [4] FJ Sach “T Bunched-B I bilities”
T~ i ImZn(w CERN/PS/BR 76-21, 1976.
(AU)th hold = ( )dampmg D( E) [5] JL Laclare, “Bunched Beam Coherent Instabilities”,CAS
resho 21t eZp (@z) Advanced Accelerator Physics, CERN 87-03.

. ) [6] YH Chin, “Transverse Mode Coupling Instabilities in the
It may therefore exclusively represent the impedance SPS”, CERN SPS/85-2, 1985.

characteristics, which could provide complementary’] G Besnier, “Simulation Numérique de la Stabilité
information to the damping time measurement Longitudinale _d'un Paquet dans [Anneau  ESRF,
In ping : Université de Rennes, 1989.

1001



