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Ab turns and all bunches in the storage ring. Diffraction and
stract . . . L
deformations of the mirror limit its absolute precision in
The vertical beam-beam parameter in LEP reacheahmittance to ~ 0.25 nm. The BEUV image is used for
0.083 in 1999. In order to achieve and maintain this highorizontal beam size measurement and for real-time ob-
performance a number of different observables are coservation of beam shape.
tinuously monitored and optimised. The beam sizes afiehe BEXE detectorsobserve the synchrotron light in the
measured using X-ray detectors and UV telescopes. TKeray range [4], providing a measurement of the local
luminosity is determined directly with tungsten-siliconvertical beam size,. A “turn average display” shows a
calorimeters and indirectly through an accurate measurgs-turn average of, every second, with a precision of
ment of the beam lifetime. The tune shift is measuredl % forc, down to 300um [4]. The vertical beam size
from the tune spectrum in collision. Beam-beam defleczan also be measured turn-by-turn for a selected bunch in
tion scans provide information about the beam sizes amite machine. The BEXE is used extensively for emittance
separation at the interaction points. The different measptimisation, however, its resolution becomes limited for
urements are shortly reviewed and their resolution artle smallest vertical beam sizes (~100).

time response is analysed. Their use for the optimisation = o
of LEP is described. Collision offset monitoring

Beam-beam deflection scans are used toeasure the
1 INTRODUCTION collision offset and the convoluted beam sizes at the IP
The magnitude of unavoidable machine imperfectionf].- A scan takes about 20 minutes per IP and the accu-
and the efficiency of correction methods determine theCy in the convoluted beam size is about 10%. The
vertical emittance in LEP. Ideally it can be reduced to BBDS is used to optimise the beam-beam overlap and to
small residual value, that is in practice limited by thdletect local problems in the beam size, e.g. due to errors
beam-beam interaction. The empirical fine-tuning of LEPN the IP beta functions.
involves more than a dozen methods/knobs, relying on . . o
fast and accurate performance measurements [1,2]. ?laum'nos'ty monitoring
ble 1 summarises some relevant beam and performangige LEP experiments measure local luminosity. The
parameters for LEP operation. numbers are calibrated with the measured cross-sections
and therefore quite accurate. However, the short-term
f¥solution is limited with a time response of ~4 min.
LEP luminosity monitors: The LEP luminosity monitors

Table 1: LEP performance and basic beam parameters
high energy running in 1999 and 2000.

Parameter Value which consist of 16 Tungsten-Silicon calorimeters detect
Bunch current 400-800pA Bhabba scattering events [6]. The high-energy resolution
Beam energy 98-104.4 GeV| is limited due to higher background rate and smaller cross
Repetition frequency 11245.5 Hz section, if compared to 45 GeV.
Number of bunches 4 per beam
Horizontal emittance ~ 45 nm 50 — T T T ]
Vertical emittance 80-400 pm ig : tgﬁit;?;i without Positrons g
Max. beam-beam parameteyr 0.083 _ 35 ]
Max. luminosity 10”cm’s’ = 30 | .
E 25 - .
B 20 Put_tlr?g into h
2 BEAM DIAGNOSTICS 5 15 [ |collision . . - 1
I Lifetime during collision .
10 + (increase with current decrease) -
Beam size monitoring 5 :-I ~I~" W{
The BEUV telescopesietect the synchrotron light emit- ° 18:00 19:00 20:00 21:00
ted by the beam in the near ultra-violet [3]. It provides a Time

real time 2D image of the beam, integrating over 224 Fjgure 1: Evolution of beam lifetime in LEP.



Luminosity from lifetime: The beam current lifetime 6 . 1 T ;
in collision is limited by beam-beam bremsstrahlung (low._, 7 [ i i
angle Bhaba scattering) at the highest LEP energies [T} 2
In particular there is no significant effect of beam tails. g nor

The average luminosity L can then be written as: 8 22 g
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with i, being the bunch current angthe lifetime without
collisions (from Compton scattering on thermal photons,
beam-gas scattering). Figure 1 shows the beam lifetime Time

during a fill measured by the bunch current transformeFigure 3: Comparison of the average luminosity from the
(BCT). A fast online measurement of the average lumi- experiments (EXPT) and the beam lifetime (BCT).
nosity, based on beam lifetime, was implemented for the
1999 run [8] with a resolution of ~2% for a 30 s running
average. This performance results from the improved
signal to noise ratio of 95-105 dB achieved in 1999 for
individual bunch current measurements made at a rate ef
2 Hz.

Beam-beam tune shift fromoc-n mode: The vertical
tune spectrum in collision exhibits peaks at ¢handr-
modes. The tune difference, between the two modes
is roughly proportional to the vertical beam-beam pa-
rameter§, (and thus to average luminosity). The ap-
proximate relationshif, ~ AQ/4 is being used to calcu-
late &, per IP. A continuous measurement of ihen
mode was implemented for the 1999 run, allowing a fast
online tracking of§, [9]. A measurement is available
every 3 s with a resolution of ~2% &. The method al-
ways works reliably with bunch currents below 450
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The tune locks can be lost for higher intensities, limiting : E
the range of usability for luminosity optimisation. 015 £ . . . . . E
R 0'1610:50 00:55 01:00 01:05 01:10 01:15 01:20
_ Luminosity decay Time
:w 0T Figure 4: Comparison of vertical emittance from the
‘g 45 | BEXE beam size measurement and the BCT luminosity.
% ot vt e
? 40 drift ' 3 LEP ONLINE TUNING
3 3BF . The LEP performance during physics fills is optimised
_ ‘oadneworbit+cancel by reducing the vertical emittance with corrections of
30 ——— ———— coupling, the tunes, the vertical orbit and dispersion.
_ 60} DELPHI —— OPAL —%— - More than a dozen different methods/knobs are used to
0 B that purpose. The optimum performance can only be
% 5% achieved if small luminosity improvements are detected,.
go 50 B¢ Figure 2 shows an example of luminosity optimisation
=) s with vertical orbit and tune. The luminosity changes are
E 45 easily visible from the current lifetime (BCT). The ex-
- I perimental luminosities show a large spread.
A T R R S S S The average luminosity from the four experiments
19:00  19:05 19:10  19:15  19:20  19:225  19:30  shows a significantly smaller spread and in Figure 3 it is
Time compared to the BCT luminosity for a fill at an energy of

Figure 2: Example of luminosity tuning as observed withl01 GeV. The luminosity improvements (indicated by
the current lifetime (BCT) and the experiments (ALEPH,dashed lines) are due to automatic corrections from the

DELPHI and OPAL; L3 was off).

vertical orbit feedback. The two luminosity signals are in
excellent agreement and show both the beneficial effect



of the orbit feedback. The response of the lifetime sign&0 s for the BCT signal. The relative resolution in lumi-
is, however, much faster (30 s compared to 4 min). Theosity is about 2% for both. The measurement ofctine
measurement in Figure 3 can be used to estimate the tnedes provides a very fast and accurate tuning signal.
minosity and vertical emittance drift due to uncontrolledHowever, the measurement is not fully operational, as it

changes in the vertical orbit: requires manual set-up at the beginning of each fill. In
AL = 0.310°cm’s?, addition, the tune locks can be lost with a more noisy tune
Ag,~0.002 nm per minute.  spectrum for bunch intensities above 430

In order to calculate the vertical emittance from the

measured luminosity the design betatron functions and 4 CONCLUSION

the design horizontal emittance are assumed (taking into
account ). We can then convert the BCT lifetime into
vertical emittances, and use it to calibrate the BEXE
measurement of vertical beam siggin terms of emit-

A number of dedicated beam diagnostic devices around
the LEP ring provide fast online tuning signals for the
empirical optimisation of the LEP performance.

Imaging telescopes (BEUV) look at synchrotron light

tance: ) 5 in the UV range and provide a real-time 2D image of the
Oy = CIB &y 0y (2) beam and horizontal beam size measurements.
Fits to 1998 and 1999 data g“,@@- 0.6/1.0 m anas, = Optimisation of the vertical emittance during high-

292/283um. The fit results are in agreement with theenergy physics fills relies mainly on the vertical beam
expectation. The vertical emittance is shown in Figure 3iZ& measurement from X-ray synchrotron light (BEXE),
for data from 1998 (top) and 1999 (bottom). The emitthe luminosity provided by the experiments and the lumi-
tance is calculated from the BCT luminosity and from th80sity estimates from the current lifetime (BCT) and the
BEXE measurement of vertical beam size. As the BEXE—® modes. The two later signals were newly imple-
data is calibrated with the BCT data and Equation 2, waented for the 1999 run. The time response is slow for
expect a general agreement. We do indeed find an excle experiments (~4 min), faster for BEXE (1s),
lent agreement for the larger emittance in 1998. The twBCT (30 s), ands-m modes (3 s). The BEXE resolution
signals track very well, even for short-term variations. ~ for the smallest vertical emittances (< 0.25 nm) becomes
The data shown for 1999 (Figure 4, bottom) correlnsufficient for fine-tuning. BCT and-n modes provide
sponds to the data shown in Figure 3, where the BCT af#fficient resolution AL/L ~ 2%). Especially the use of
the experimental data are in good agreement. For tHee BCT measurement was essential for achieving the
smaller 1999 emittance the BEXE beam size measur@lgh performance in 1999 with a vertical beam-beam
ment cannot resolve the short-term variation as seen Brameter of up to 0.083.
the BCT lifetime and the experiments. The limitation in
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A measurement of the vertical beam-beam tune shift lished

from thec-n modes in the tune spectrum is shown in Fig-
ure 5. The signal shows a fast response to change in lu-
minosity. The time resolution is only 3's, compared to

mode and luminosity from the BCT versus time.



