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Abstract Position stability

The ESRF is now in full routine operation with nearly 30kor the beamlines to fully benefit from this high
beamlines taking X-ray beam and opened to externplilliance, an excellent beam position stability has to be
Users. The performances of the Machine have begpovided and figures less than 10% of beam sizes and
steadily improved during the last year : increase of thgivergences are routinely achieved thanks to the
intensity up to 200 mA, reduction of the verticalautomatic closed orbit correction running every 5
emittance, lowering of the verticgd in the straight minutes. With the very small vertical emittance, the
sections, reduction of the undulator minimum gap, all ofequired vertical position stability starts to be at the limit
these resulting in a significant gain on the achievegf the feasibility (a few um) and all sources of errors or
photon brilliance. In parallel to this net improvement, theirifts have to be minimised [2]. To reduce the fast
routine operating standards have been largely improve@ictuations of the vertical beam position, which exceed
with a Mean Time Between Failures larger than 40 houkse 10% specifications, a fast AC position feedback is
and an availability better than 94 % over the 5000 houkeing developed. The goal is to reduce the amplitude of
of beam scheduled in 1996. In addition, the Versatility q’he beam oscillations in the vertical p|ane in the
the Machine has been enlarged with an increasifgequency range from 0.1 Hz to 100 Hz. The strategy will
number of operating modes so as to better satisfy t@nsist in applying a global correction over the full
different Users’ requirements (multibunch mode, singlenachine and not several local corrections on each ID
bunch mode, 16 bunch mode and various hybrid modesktraight section. This system will rely on 16 dedicated
electron BPM's (located in the straight sections) and 16
1 INTRODUCTION fast steerer magnets. It will be controlled by a central
The ESRF was the first of the third generation hig?SP board communicating with local DSP boards via fast
energy synchrotron radiation sources to start Usélata links operating at a 44 kHz frequency.
operation in 1994. The 10 years construction phase Wilkatime
end in 1998 with the completion of the last of the 30 . .
ESRF beamlines. Today 27 beamlines (including ge_r several years of operation, the ring vacuum vessels
Collaboration Research Group beamlines) are open to t ainless steel) have been fully conditioned and the
Users, and during the year 1996, a total of 518verage dynamic pressure is about 2.fthar at 1=200

experiments were carried out during 6563 shifts (of gA. Sth a IO_W pressure corresponds to a very Igrge gas
hours) by 1777 external Users. scattering lifetime. In fact, even on a 6 GeV machine, the

main limitation of the lifetime comes from Touchek
> PERFORMANCES scattering (_Jlue to _the increased de_nS|_ty in the bun_ch
volume. This explains the moderate lifetime (8 hours) in
Brilliance single bunch and 16 bunch modes, but also shows up in
At the same time the ESRF was starting User operationmaumbunCh mode, due o the high intensity (200 mA) and

lot of developments were undertaken to increase tﬁge low coupling (1%), A significant increase in lifetime

brilliance available to these Usefd]. The present was ob_tamed at 200 mA by increasing the number of
N . . circulating bunches thereby reducing the current per
situation is summarised in table 1.

bunch: From 40 hours in 1/3rd filling the lifetime jumped

PR T Routnaly Ned to more 'Fhan 50 hours in 2/_3rd filling, at 2_00 mA. When
Parameters Units Design served inUSM  term lengthening the bunch train, the machine gets more
Goal | (April 1997) objectives * . HOM d | . . th RF t d th
ot — 0o 500 >0 sensitive to s developing in the cavities and this
Associated lifetime hours 8 50 60 was overcome by a careful temperature control of these
Lifetime @ 100mA hours 8 80 100 cavities [3]. An efficient way to increase the Touchek
Horizontal Emittance e 10° m.rad 6.2 4 3 e s . .
Vertical Emittance &, | 10“mrad | 620 40 10 lifetime is to enlarge the energy acceptance. By moving
ID minimum gap mm 20 16 11 the injection septum away from the stored beam (from 13
Briliance @ 1. ph/s/mm’/mrad} 6 107| 2.110" | 8310" mm to 19 mm), a net gain of several hours was achieved
1.6m undulator /0.1%Bwidth (low B2 (low B2 e L .
Briliance @ 1+ oh/s/mmi/mrad] 2 10°| 8810° | 3.8 107 on the lifetime in 16 bunch (from 7h up to _11h).
5m undulator /0.1%Bwidth (owpd | (lowpd However, a larger gain was expected and investigations
* End of 1997 H
. - are being pursued to enlarge the present = 3% ener
Table 1 : Evolution of the brilliance at the ESRF. gp g P 9y
acceptance.
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3 OPERATION AT THE ESRF efficient work of reduction of the sensitivity to EMC
Since 1993, when the beam was delivered for tHeoises of the RF plants have resulted in a doubling of the
commissioning of the first beamlines, until 1997, thé!TBF of this touchy equipment. In order to increase the
number of hours dedicated for the Users (the Us&vailable accelerating voltage and to provide more
Service_Mbde) has been progressively increased: frorfiexiPility to the RF operation, a third RF plant feeding 2
2984 hours in 1993 to 5359 hours in 1997. The ultimaf@Xtr@ cavities will be commissioned and put into
goal is to deliver 6000 hours per year in USM, whictPPeration this year.
should be reached before the year 2000. Throughogtiper Spare Power Supply
these years, our guidelines were always to improve t
reliability of the Machine, its meantime between failure
whilst increasing the beam performances. Four years aft
the first USM shift, we can state that these three go
have been met. In 1996, only 3% of the operation timlg

) - 0 .
was lost due to failures, the remaining 97% bemgzurthermore a switching board was recently installed: it

composed of the tlmeofor the reﬁll; (2.5%) and.Fheallows any magnet family from the Super Spare Power
delivery (more than 94%). Not only is the avallablhtySupply to be supplied within less than one hour.
)

important but the meantime between failures (MTBF

I1“3though power supply failures are rare, they can last a
ong time when they occur (replacement of a transformer
{ another major repair). To avoid a loss of time in these
uations, a Super Spare Power Supply was built. Its role
to supply any magnet power supply which would fail.

which is of major interest for the Users. This figure which 1992 | 1995] 1996 1997
was only 13 hours in 1994 has now been increasedfto

more than 41 hours in 1996, i.e. 3 times better. The MEXIM scheduled hours 3800 4782 5163 5359
duration of one failure is now about one hour. Thes@SM delivered hours 3372 441p 4941 5090
good results are not a matter of chance. Many aCtio'E/ailability (%) 887 | 928| 943| o5
have been undertaken to improve the reliability of th?ime lost for refills (%) 27 29 24l 235
MaCh'ne'_among_ others: . Time lost for failures (%) 8.6 4.2 3.2 25

- Preventive maintenance on the water circuitry: a lot Qf+ge (hours) 135| 215 414 > aq
beam losses occurred due to cooling interlocks followir

. I ‘“expected
the blocking of some magnet cooling pipes by metallic xpecte

dust circulating in the water circuits. Since 1995 when thﬁ]sertion devices

preventive maintenance policy was initiated, very few . . .
failures have been recorded as far as this piece dpe ESRF was designed to be essentially an Insertion
equipment is concerned Device based source. Out of the 28 available straight

; ; . tions, 25 are already equipped with 1, 2 or 3 ID
- High Quality Power Supply (HQPS): the Grenoble areac® ) .
is subject to violent storms during the summer thg§€9Ments (1.6 m long), which can be either planar or

consequence of which are severe drops on the electri lical undulators, or wigglers [4]. The very large variety

mains resulting in beam losses. Since summer 1995, 8 ”|3 typesl enab)l(es experlments to_ bef carr;seodo O{J/t
units (1 MW each) have been operational to take over a ymultaneously at X-ray energies ranging from €

electrical mains drop. The HQPS has been operating fot'" beamlines equipped with windowlgss front-ends) up
R 500 keV (from a superconducting wiggler). 12 straight

more than 1 year now and the conclusions to be dra ; . _ . .
are very positive. Over the full year 96, more than opfections are equipped with 5m long 15mm high stainless
vacuum vessels devoid of pumping, which

drops recorded on the input electrical mains have beéﬁeel

smoothed, avoiding beam trips with all their possiblé‘lu'[horises a 16mm minimum gap. We are presently

direct and indirect consequences. It is clear that the vef\fV€IOPINg 5m long 10mm high ID vacuum vessels

significant improvement in Mean Time Between Failureyh'Cthé'” enablellthe ga_llphof the |_ns|ert|on delwces t? be_”
described above can be, for a large part, attributed to t @se own to 1lmm. ese _sta_un ess _stee VESSEIS Wi
unperturbed primary power delivered by the HQPS. APE COPPer plated so as to minimise their contribution to
the same time this has enabled intrinsic faults if'€ impedance of the machine. Following the reduction of

equipment to be clearly distinguished from actual outsi e verticalp function, 2 protopres of 10mm high 2m
perturbations. Moreover, the absolute low harmoni ng vacuum vessels were installed and successfully

pollution engendered by the HQPS on site means that Eﬁrc‘tedl oql E)he_ maﬁhi;ed. '_I'he r:irst om Iong; 10mm high
power converters will have increased lifetimes. vessel will be installed during the summer of 97.

- Radio-frequency system : Since May 1995, the machirBeamline Front-Ends
has been running with 2 klystrons each of them feeding-lé'here are presently 25 front-ends transmitting X-ray

cavities. The main advantage lies in the fact that ea%am from insertions devices, and 6 from bending
klystron works far below its designed maximum powe'}nagnets. 6 ID front-ends are windowless. On some

thus re_ducing the rate O_f trips. The switching fr_om 1\'Niggler front-ends the total power in the X-ray beam can
transmitter to 2-transmitter mode together with @each 15kW, whilst the power density approaches 750

752



W/mn'’ (normal incidence at 10m from the source) with 2lead time for the refill (about 25 minutes instead of a
phased undulators at a 16mm gap. A specific carbawouple of minutes for the other modes).

filters-Beryllium window assembly was developed which  For the filling of the Storage Ring in single bunch,
enables the transmission of such a high power density. T6 bunch or hybrid modes, the Linac produces short
preserve the X-Ray beam coherence, some beamlinmgdses with a 2ns FWHM. It has been optimised in order
have been equipped with polished Be windows anth achieve an initial purity in the TOrange in the SR.
sometimes with diamond filters. A noticeable point to b&hen a cleaning process is applied which consists in
mentioned is the slightly increasing meantime betweegxciting the parasitic bunches in the vertical plane so as to
failures of the front-end equipment despite the increasirdll them on a scraper.

number of beamlines (and of front-ends) since 1994. The bunch purity (relative intensity of the parasitic
bunches compared to the main bunch) is measured by an
4 BEAM MODES X-ray avalanche photodiode installed in the tunnel which

As a consequence of the great variety of experimenf@S an excellent_dynas(r;wic range (better tha) a0d a
which are carried out at the ESRF, various filling pattern@0d time resolution (10at 2.8 nsec of the main bunch).
of the electron beam are now served to the Users. THE€ quality of all the time-structured modes is very high

Users community is divided into two parts, those wh§Nce & bunch purity better than"i8 routinely delivered.
need a maximum intensity with the longest lifetimejitter free streak camera

whatever the filling pattern is, and those who need atim%— collaboration contract was signed in 1996 with the

structured mode (for nuclear scattering or structure&uoS (Centre for Ultra-Fast Optical Science) in

biology f;)r tl:]\stance%: qu the fltrs(tj .part cl)tfbthe huse:j\/lichigan for the development of a state of the art streak
community, the machine IS operated_In MUILIbUNCN MOGE, o5 This streak camera, which will have a resolution

(either ‘one third’ or ‘two third’ filling modes) at 200mA. less than 1 pico-second in accumulation mode, will be

¢ Ftor ;he dsec?]nd Eart zf tf:e c;or?_?un!ty,l t'tr)ne[riﬁgered by an ultra-short laser pulse (300 femto-second)
structured modes have been developed. 1he SiNg'e bungr, qer 15 eliminate the jitter. The laser pulses will also

mode is now delivered at an intensity of 15mA (with a ; , N
o : e produced synchronised to the X-ray pulses with a jitter
hours lifetime). A transverse feedback is under devel- P y yp J

t and should ble hiaher intensitv to b h f much less than the width of the X-ray pulse. This set-
opment and should enable higher intensily fo be reache p will demonstrate that even with a 100 pico-second X-

ray pulse, it is possible to probe events on the sub pico-

2/3 |[Single| 16 Hybrid second scale.

filling | Bunch| bunch| mode

Max. intensity (mA) 200 15 90 200
Associated 50 5 8 30 5 SHORT TERM GOALS
Lifetime (hours) The ESRF objective is to further develop its high poten-

% of time in operation 55%| 59 25 o 159 tial while maintaining the excellence of its operation stan-

dards. The following major goals have been set for 1997:

Modes routinely delivered at the ESRF * 5400 hours of scheduled USM time. o
. . ® An increased rate of availability with an objective of 95%
The 16 bunch mode was first developed as a compromise (the last % is the most difficult to achieve).

for all the Users and is still delivered now (25% of the, The commissioning of a third RF plant (transmitter)
s_hlfts). The maximum intensity of 90mA is ma|.nly together with 2 additional cavities.
limited by the overheating and consequent outgassing of The installation of a few 10 mm high insertion device
the RF liners of the vacuum chamber. An R&D program  vacuum vessels.
on the RF liners is in progress to increase the maximum A reduction of the horizontal emittance: A new version of
intensity. the optics giving 3nm.rad (instead of the present 4) is
To maintain the same brilliance per mA, the beam is  Peing studied. _ _
delivered with the same low emittances=nm.rad and e A reduction of the coupling down to values in the 0.3%
£=40 pm.rad) in these modes which explains the [2N9e whichis extremely challenging. _
associated moderate lifetime e A fast global AC position feedback which will operate in
More recently, various .h brid modes have been the vertical plane, using electron beam position monitors
’ #

developed to better satisfy the community of Users. They
consist in a one third filling bunch train (typically | AR L : ] ted bril X

; ; . Ropert, L. Farvacque : "Lattice-related brilliance increase at the
180mA) _W|th one or .several |solf':1ted bunches regularIB} ESRE PAGO7.
spaced in the opposite gap (typically 5SmA per bunch)2] L. Farvacque et al : ‘Beam centre of mass stability’ ESRF internal

i i i in report, Jan 96

Despite the. fact that everyone can find their advamages[éi O. Naumann, J. Jacob : “Fractional filling induced Landau damping
these hybrid modes, the drawback of these exotic modes of |ongitudinal instabilities at the ESRF'. PAC97
is the reduced lifetime (30 hours) which is mainly driver4] é- Clhavanﬂtey flT- Etl!eauge,_ P. t\t/r?n E;/gi(er;tfé%l;: ‘Recent
by the lifetime of the single bunches and also the longer “€V€'°PMents ofinsertion bevices atine '
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