1494

DEVELOPMENTS OF THE LEP LOW-3 OPTICS CONFIGURATION

J.P. Koutchouk, A. Verdier
CERN
CH-1211 Geneva 23

Abstract
jection, the envelope functions 37 at the interaction points are

In order to maximize the beam acceptance at in-

increased by a factor of 3 with respect to physics. Direct injec-
tion into the nominal low-7 optics would speed-up the LEP £ill
and simplify the operation and data handling. An account is
given of the experiments and achieved results.

The nominal 3%, i.e. 37 = 1.75m, H; = {1.07m, were obtained
from simulation work on the dynamic aperture. It is very tempt-
ing to reduce the envelope function as much as possible to gain
luminosity. We give some theoretical justifications as well as the
experimental results obtained so far.

Introduction

Although some aspects, like the dynamic aperture, remain to be
clarified, the LEP optics seems sufficiently well understood that
improvements beyond the nominal parameters are being tested.
This paper reports on a further reduction of the 3 functions at
the interaction points and on attempts to directly inject into the
physies optics,

Nominal optics

At injection the j*values are respectively 21 cm and 5.25 m in the
vertical and horizontal planes at the interaction points. The drift
space hetween the crossing point and the first low-3"quadrupole
is 3.7 m, causing a maximum #J of 150 m, similar to its maximum
are value of 136 m.

This optics configuration is kept unchanged during accelera-
tion, It was initially intended to change the 37 during acceler-
ation so as to keep the beam-beam tune shifts constant. This
refinement has not been implemented so far and does not seem
necessary at least for the present beam intensity of 3 to 4 mA
total.

The beams are put into collision at physics energy (i.e.
presently between 45 and 47 GeV), and then the f*values are
decreased simultaneously to increase the luminosity. The nom
inal 3"values for physics are 7 cm and 1.75 m respectively in
the vertical and horizontal planes, The reason for these values
were both high-order chromaticity correction at high energy and
quadrupole aperture [1. The ratio of 25 between the two values
is required to obtain the same beam-beam tune shift parameters
in both planes for the design emittance ratio of 25. This 3*-ratio
1s always used.

Further reduction of the low-7 function

Motivations

The LEP parameters were essentially optimized for the design
energy of 35 GeV [1]. In fact, the optics components had equally
to be studied and designed to allow the LEP energy upgrade. The
present design of the low-3 insertions and of their chromaticity
correction should allow operation up to a little less than 100 GeV

[1]. A sufficient flexibility was foreseen so that a further reduction
of the 7* functions could be feasible.

The exploitation of LEP at the Zg energy of 45.6 GeV allows
a reoptimization of the machine parameters. Indeed both emir
tances and rms energy spread are smaller, thus increasing the
clearance with respect to the physical and dynamic apertures;
The flexibility of the low- 3 insertion is such that a further reduc
tion of the 3° functions is in fact feasible.

Quadrupole aperture

The residual closed orbit after correction does not increase with
the maximum S-function. The reason is that the efficiency of the
closed orbit correction is determined by the real beam position
and not by the normalized one.

It is thus sufficient to consider the gain/loss in aperture due
to the beam size only. The smallest physical aperture is in the

insertion doublet when the machine is in the physics configuration
of the optics.

The low-3 quadrupoles were designed to be usable up to
67 GeV. The criterion used was that the clearance with respect

to the good field region should be 10 rms transverse beam sizes :
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This criterion is not affected when simultaneously the energy is
decreased from 67 to 46 GeV and 3* from 7 ¢m to 3.2 cm (table 1).

Higher-order chromaticity

The amplitude detuning is weak in LEP due to the arc being
arranged in second-order achromats. The non-linear chromaticity
should be corrected to allow a stable motion for particles with
the largest synchrotron amplitude accepted by the RF bucket 1.e.
£6.57; 0. is the rms energy spread of the beam. This ensures
that no 3™-order resonance is crossed during the synchrotron
oscillation. The chromaticity correction is performed using six
families of sextupoles.

The variation of the tunes with momentum for the nominal
machine (3 = 7 em) are shown on figure 1. Figures 2 and 3 show
the same information for two corrected machines with lower Ay

o 37 = 4.3 cm, providing 60 % improvement in luminosity; the
aim is to study this optics for normal operation,

e 3. == 2.4 cm, a target ‘one inch machine’.

Given the value of the energy spread at 46 GeV, the criterion
on resonance crossing at 6.5 o, is fulfilled for all optics.
Implementation

Matched insertion gradients were prepared for givalues as low as
1.8 cm. For this value, the matching of the #-functions starts
deteriorating. It is the lower limit that may be reached with the
present quadrupole arrangement. The lowest J;value happens



0;6 I T T T T I T T T T T T T T T T
- =175 gty=0.07 8
-
g o5 - Qr —
3 - . B
v - e * -
5 b o : -
04 | —
-~ -
: T T e e e e m T 7
o) r N
b b
5 ‘ 4
Qy i
= 03 -
g - 4
=} b
3 4
£ | ]
& 02 — —
L -85 o, 85 o, §
0.1 3 l i 1 5 | 1 1 ! l L 1 1 A l ! 1 1 L [ I3 ]

-0.005 0 0.005
Relative momentum deviation

0.01

Figure 1: Dependence of the tunes on the energy error in the

nominal optics
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Figure 3: Dependence of the tunes on the energy error in the new
2.4 cm optics

08 T R iy AQ, | AQ, | AQ, | AQ, | 5 By
b ] - CIn m I
T B*1=1075 p*y=0043 ] 21-18 [ -0.0005 | -0.0011 [ +0.02 [ +0.08 | 163.7 | 162.9 |
A ) 18-14 | -0.0015 | -0.0030 | +0.06 | +0.02 | 185.5 | 162.9 |
805 ax j ; - 14-11 [-0.0017 | -0.0027 | +0.07 | +0.03 | 217.5 | 171.4 |
g M ] 11-9 | -0.0015 | -0.0018 | +0.06 | +0.02 | 253.5 | 209.1
e - . 9.8 -0.0006 | -0.0006 | +0.02 | +0.08 | 279.1 | 235.1
fu L ﬁ ﬁ B 87 |-0.0009 |-0.0008 | +0.03 | +0.12 | 312.8 | 268.5
8 o o o —o — e — T 76| -0.0015 | -0.0010 | +0.05 | +0.18 | 3585 | 313.0
s e 1 6-5 | -0.0026 | -0.0013 | +0.08 | +0.28 | 423.3 | 375.3
- L q i 54.3 | -0.0022 | -0.0008 | +0.06 | +0.22 | 487.2 | 436.2
< 03 7 - 4.3-3.7 [ -0.0030 | -0.0010 | +0.07 | +0.28 | 565.4 | 505.4
g i ] 3.7-3.2 | -0.0030 | -0.0007 | +0.06 | +0.30 | 649.6 | 584.1
et ) 3.2-2.8 | -0.0030 | -0.0006 | +0.05 | +0.30 | 738.7 | 667.3
kol h 2.8-2.4 | -0.0045 | -0.0009 | +0.06 | +0.39 | 857.8 | 778.3
[ 654 65 o ) 2.4-2.1 | -0.0040 | -0.0008 | +0.02 | +0.27 | 976.8 | 889.3
- > Te 2 e . 2.1-1.8 | -0.0066 | -0.0016 | +0.04 | +0.77 | 1135.7 | 1037.1
0.4 T T T T Table 1: Variations of the optical functions during the insertion
-0.01 -0.005 0 0.006 0.01 tuning

Relative momentum deviation
Figure 2: Dependence of the tunes on the energy error in the new
4.3 em optics

to correspond to the natural bunch length at 45 GeV (1.7 cm).
Decreasing /37 below this value would not improve the luminosity.

In LEP, the simultancous change of magnet excitations is done
by a time-linear ramp between the starting values and the target
values. Therefore it is necessary to fraction any single significant
opties change into several intermediate steps so that the ma-
chine opties remains acceptably matched during the time-linear
ramp [2].

The eriteria that were retained are: the tune shifts shall be
smaller than 0008, which is the maximum tune shift due to
drifting power converters and magnets during physics; the chro
maticity changes shall be smaller than 0.25, so as not to provoke
a head-tail instability. The resulting intermediate steps are de
seribed in table 1:

Machine experiments

At first 3; was reduced to 4.3 em { with 47 reduced to 1.075 m n
order to keep the ratio of 25) in a machine development session.
Very large unexpected tuneshifts occurred between 7 and € cm.
Then the optics went to 4.3 cm after a closed orbit correction had
been performed without too much loss, so that it was possible to
measure and correct both tunes and observe the life-time. The
latter was measured to be around 20 hours, which was considered
as acceptable.

After the demonstration of feasibility, a second machine devel-
opment session was dedicated to an improvement of the control
of the tunes, chromaticity and closed orbits. The reasons for
the observed tune and chromaticity deviations are not yet clear.
The 3;value was checked in one experimental insertion by slightly
changing the gradient of the strongest quadrupole and measur-
ing the resulting tune shift. It was found insignificantly different
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from the optical model.

In order to explore the machine limits the validity of the dy-
namic aperture estimates and the safety margin for operation, a
third machine development session was used to investigate a fur-
ther reduction of the 3*'s. This was done with a medium intensity
single beam. The H; was reduced to 3.2 em with a beam life-time
of about 30 hours. A further reduction to 2.8 cm resulted in a
beam life-time of the order of 300 s but the closed orbit distorticn
became large. Since then, no time could be invested in a further
better controlled reduction of FEh

The conclusion of these experiments was that the non-
linearities do not limit the machine optics at least down to a
A of 4.3 e, if there is no significant blow-up of the emittances
with beam current. The difficulties encountered were all related
to linear optics, beam parameter measurement and software pro-

cedures.

Initial operational experience

After the second experiment, the end of a physics run which
was done with H;-:- 7 cm was used to check the 4.3 cm optics in
operation. The current was about 1 mA total and the ‘squeeze’ of
B7 went well. The luminosity increase was reported by two of the
LEP detectors, ALEPH and DELPHI but not by OPAL and L3,
although the quadrupole currents were checked to be identical in
all four insertions.

Subsequent attempts to use this optics failed, until it was dis-
covered that the tunes and the chromaticities had to be corrected
again from 21 em to 7 em and 4.3 cm. This non-reproducibility
of the magnetic optics is not yet understood. It is sufficiently
small not to be too critical for the ramp and squeeze to 7 em,
but becomes more important when the machine sensitivity is in-
creased.

The 4.3 cm optics was then used for a period to gain experi-
ence. The values of the specific luninosity are shown on figure
4 as obtained from the experiments. During this period, it was
confirmed that two of the four detectors benefited from the ex-
pected luminosity increase. However, the two other experiments
only observed an improvement by some 10 to 20 %. Measure-
ments of the optical functions around these detectors have not
yet allowed to find the source of the problem. A contribution of
the parasitic vertical dispersion is presently being investigated.

Injection with tuned insertions

Motivation

A direct injection in the physics optics would drastically reduce
the number of intermediate steps and thus reduce accordingly the
number of large computer files and the operation time.

Machine experiment

This was tried so far in a single machine development session.
After some difficulties to obtain injection, it was possible 10 accu-
mulate 200 pA in the machine; the efficiency was about an order
of magnitude smaller than with the nominal detuned injection
opties. During this short experiment, all usual beam parameters
were measured and corrected without a significant improvement.
A further experiment is foreseen to study this apparent limita
tion.
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Figure 4: Specific luminosity

Conclusion

The attempts to further reduce the 7 have given encouraging re-
sults. Besides the puzzling behaviour of the luminosity at two of
the four LEP detectors, it remains to be verified that this optics

Is not limited by the dynamic aperture in case of large emit-

tance; emittance blow-up is indeed observed to vary from run to
rur:. New experiments are foreseen to verify the above-mentioned
points, before this stronger focusing becomes operational.
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