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EXPERIENCE WITH A LOW EMITTANCE OPTICS IN LEP
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CERN, Geneva, Switzerland

Abstract for operation in 1996 [2]. In parallel, a 1080° optics was

Since start-up in 1998, LEP has operated with a low emif!ewe'()pEd W.hiCh _had a smaller cross detun_ing term (h_ori-
tance lattice with a phase advance of 162the horizontal zontal detuning with respect to vertlc_al a_mplltude and vice
and 90 in the vertical planes. This optics provides a horyersa) than the 10860° optics, res_ultmg_ in a larger hori-
izontal detuning with amplitude which is small enough tozontal dynamic aperture. Both optics still had a strong hor-

Izontal detuning and it was demonstrated that this detuning

avoid a reduced dynamic aperture in the horizontal plane . : . . .
can bring particles onto non-linear resonances, in particu-

a problem experienced in other low emittance lattices. Tt]er 30, [7]. As a conseguence, operation wjth — 108

optics is designed to operate at the highest LEP energies u s was hampered by the presence of strong tails. even
to and above 100 GeV, as well as at 45.6 GeV (still require% P y P 9 '

to provide Z%s for the calibration of the experiments’ de-WIth asingle beam in the machine [8].

tectors). The experience gained with this low emittance lat- The objective was therefore to find an optics with a re-

tice after one year of operation is presented and its futudiced horizontal detuning. In reducing from 108 to

potential is discussed. 102, the horizontal detuning decreases by more than a fac-
tor of two. The cross detuning of the 1090° lattice is

1 PREVIOUS EXPERIENCE WITH LOW smaller than that of the 1997 operational lattice°(80°)

EMITTANCE OPTICS by a factor 2.

. . L . .. Although u, = 102 = 17x/30 is not a simple frac-
In order to obtain the highest luminosity with LEP at ItStion of 7, the excitation term of the systematic 3rd order

hlgh_est energies the S”?a_”eSt possible bgam em|tta_1nces fl&onance is smaller than for the’880° lattice [9].

required. Besides providing smaller horizontal emittance,

higher horizontal phase advange ) in the arc FODO cells ~ Measurements with the 10B0° were first performed
has the additional advantage of a smaller momentum corift- 1997 with a detuned opticglf= 27 cm) for which chro-
paction thereby increasing the maximum energy attainableatic errors were corrected by using only one sextupole
with a given RF voltage. A considerable amount of workamily in each plane. After encouraging results, a test un-
has been done over the past years to find the best possi&s physics conditions was performed with a squeezed op-
lattice and various optics with 90 < u, < 135 have tics (3;=5 cm). This necessitated a re-cabling of the verti-
been tested ([1] to [5]). The vertical phase advance per céldl sextupole families from three to two families (90 the
used was eithet,, = 60° or 90° to make it possible to cor- Vvertical plane instead of 8Qpreviously used). In the hor-
rect the vertical non-linear chromaticity associated with thizontal plane, with a3; = 2 m, one horizontal sextupole
low-43 insertions [6]. The choice of, resulted from an op- family was enough to correct for the non-linear horizontal
timisation of the horizontal detuning with amplitude, as thehromaticity. A successful test was made where the perfor-
non-linear horizontal chromaticity is much less importaniance with colliding beams was in good agreement with
than the vertical. expectation [10].

The first lattice developed and tested had °186r cell For 1998, the possibility of reducing from 2.0 m to

in the horizontal and.60|n t_he_ vertical plane (_|n shqrt 1.25 m was exploited, increasing the operational flexibil-
135°/60°). However |_n pre!lmlnary tests no C|rc_ulat|ng ity. In this case, the horizontal non-linear chromaticity
beam could be established; the problems associated Wi\ < -orrected by grouping the horizontally focusing sex-

this I_attice were studied extensively [7]. It was found im'tupoles into several families. The grouping of the families
possible to correct both the third order resonance and the,5 ontimised so that the correction of the horizontal non-
derivative of the horizontal tune with respect to the horifear chromaticity reduces the horizontal detuning without

zontal amplitude. The horizontal detuning for this Iatt'ancreasing either the vertical or the cross detuning terms.

5m—1
was—1.6 x 10> m™—". . ) Beside this, two sextupoles per octant are powered inde-
In 199‘_"’ a 108/60° Iat(’;:lce !vlas de_vgloped. The horlzon'pendently to allow a further reduction of the horizontal de-
tal detuning was 2.2610° m™". This is a factor of seven yning down to a value 20 times smaller than that of the

smaller than the horizontal detuning of the 188 lattice. 1o optics. The 10290° optics developed for 1998 al-
After successful tests the 108attice was recommended |5 4 variation of the horizontal detuning between 0.11 to

* Email: Werner.Herr@cern.ch 1.4x10* m—1.
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2 EXPERIENCE IN 1998 A further reduction might be tested to evaluate its opera-

The hiah . LEP in 1998 ; aonal feasibility. However an attempt to match the physics
e high energy running at n was periorme ptics forﬂ; = 3.5 cm showed thatl, values were increas-

exclusively with the 10290° optics and at a beam energying at the collimators near the experiments and that the nec-

0f 94.5 GeV. essary sextupole strength was severely increased. Beside
) ) limiting this 3.5 cm optics to 95 GeV, the large sextupole
2.1 Optics - observations strength enhances excitation of non-linear resonances and

Horizontal emittance and J, At 100 GeV, operating increases the tune dependence with amplitude. Both ef-
on central orbit, the 9U60° lattice has a horizontal emit- fects reduce the dynamic aperture [5]. With the 3.5 cm
tance of 56 nm, while the 1080 has an emittance of OPtics, the non-linear chromaticity correction showed a re-
44 nm. This means that all other parameters equal, tiféiced aperture in momentup/p = +0.013 (originally -
102/90° has the potential to provide a luminosity 1.3 timest: 0-015) and it was demonstrated that a further reduction
larger than that of 9U60°. It also gives almost 0.6 GeV Of the3; would lead to marginal momentum aperture [16].
more centre of mass energy for the same RF voltage. N conclusion/3; of 1.25 m andj; of 4 cm are very close

One way to further reduce the emittance is to incread® the limit for the horizontal and vertical squeeze and will
the horizontal damping partition numbegYdhrough a RF most likely be the standard values for future operation.
frequency shift. For the 9060°, the variation ofJ, with _
the momentum shiftdJ,/0Ap/p) was 312 and is 305 for 2.2 Experience at 45.6 GeV

the 102/90°. In 1998, the 10290° was operated with a After the new 102/90° optics was successfully commis-

RF frequgncy shift O_f +120 Hz, i.e 3 &f 1.67 and there- sioned, the calibration of the LEP detectors on the Z
fore a horizontal emittance of around 23.6 nm at 94.5 Ge\é‘eak at 45.6 GeV, needed every year, was performed with
) i this lattice at relatively low intensities (to minimise beam-
Transversg tails Transv_erse beam tall_s have beeryeam effects linked to the low emittance). Previous expe-
_measurec_i-wnh the 102optics _under phyS|cs data tak-riance with low emittance lattices at 45.6 GeV (208p-
Ing Cond't'F’”S [11]. The horizontal tails measured a{ics) showed that performance was limited by the presence
high energies were normally acceptable. However, noRs (a5 The 102 optics, with its reduced detuning, did
Gaussian tails have been observed during so-called bagks; s, ffer from the same problems. Physics was performed
ground storms [14]. with trains of 8+8 bunches and the intensity was limited to
. 250uA per bunch, in order to keep an acceptable horizon-
Ramp & Squee;e The recent years of _LEP Qperatlontal beam-beam parameter. The luminosity and the vertical
have seen a combined ramp and squeeze in which the vefls, oy heam parameter were exactly as expected. The ver-
cal squeeze was made during the ramp from 42 10 44 Gey(.5| heam-beam parameter was 0.02-0.025 and the emit-

This year, with the wigglers on, some lifetime p.roblemﬁance ratio between 1 and 1.5 %. The 1@dtics is the
were observed between 50 and 60 GeV. A possible Cauéﬁly low emittance LEP lattice which proved to work at

was an insuf.ficient.momentum accepFance_of t.he.squeezigql as well as high energies.

102 /90° optics. With arz / E=0.18 % in the incriminated

energy region, the criteria (ﬁoE_/E absol_u_te momen- %3 Experience at 94.5 GeV

tum deviation to guarantee the linear stability is margina

with the squeezed optics but entirely fulfilled with the un-At high energy, three different physics periods can be dif-

squeezed optics. To avoid this the squeeze was impl&erentiated, depending on the value of the beta functions

mented after the wigglers have been switched off at higat the interaction points. During the first period (up to fill

energy; the lifetime problem was cured. The long rangg140, Fig.1)3; = 1.5 m and3; =5 cm were used and both

beam-beam effects at the IPs remained acceptably smdl},and the peak luminosity were increasing as the total cur-

despite the increaset) [12]. rent was increased. For the second period (fills 5140-5262),

f3; was decreased to 1.25 m whil¢ remained unchanged.

Minimum S; and 3, Background considerations dueBoth ¢, and the peak luminosity were still increasing with-

to the aperture in the horizontally focusing quadrupolesut any further increase of the total current. Finally, from

near the experiments limit the minimupy. For J, =1,  fill 5263 onwards,s; was reduced to 4 cm whilg; re-

the limit is 1.21 m at 100 GeV, which is close to the operamained unchanged. The result was a decreagg afd an

tional value (1.25 m) [13]. It was shown [14] that the backincrease of the luminosity compared to the second period,

ground storms observed during physics fills and cured byith a similar total current.

small horizontal tune changes, are less severe for lgtger  In order to quantify these changes and to check whether

another argument against a further reduction of this valughe effects of the horizontal and vertical squeeze were as
Beam-beam effects demand thad} should be larger expected, we compare one representative fill in each of the

than20; to avoid affecting the luminosity [15]. Far; = three physics periods (see table 1).
10 mm, the limit ong; is 2 cm, compared to the present For the horizontal squeeze, for the same bunch inten-
value of 4 cm. sity, squeezing the horizontal beta value from 1.5 m to
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100 GeV [16]. Optimisation of the phases of the exper-

imental interaction regions and/or vertical phase advance
in the arcs can be made in order to improve the non-linear
chromaticity correction.

4 CONCLUSIONS

In 1997, a low emittance optics with a phase advance of
102 per cell in the horizontal and 90n the vertical planes
was developed and commissioned. This optics has sig-
nificantly smaller detuning with amplitude than previously
tested low emittance lattices with larger horizontal phase
advance. As a consequence it has less operational prob-
lems. In 1998, it was used for the whole year in operation
and the performance was excellent. The 19@ optics
gives a slightly higher energy for a given total RF voltage
and has a potentially higher performance at the highest en-
ergy achievable at LEP. It is the first low emittance lattice

Figure 1: Luminosity as a function of fill number

JoM By &y & Lum. | I/bunch| Af,;
m cm x103! LA Hz
150 5 | 0.062| 0.042] 7.3 750 0 (1]
1.25| 5 | 0.076| 0.042| 9.0 750 | 120 2]
1.25| 4 | 0.061| 0.042| 9.5 750 | 120 3]

Table 1: Three fills during the different running periods 4]

(5]

1.25 m and increasing the RF frequency shift from 100 Hz
to 120 Hz, is expected to give 20 % increase in both thee)
&, and peak luminosity. The expectations were effectively 7
met. For the same bunch intensity, and a vertical squeeze
from 5 cm to 4 cm, one expects 11 % decreasg,iand
11 % increase in luminosity. The expectations were met in
&, and were very close in luminosity [13]. (9]

High beam-beam parameters were regularly achieved
and did not show any sign of saturation with increasing cufi0]
rent. This is extensively treated in [17].

(11]
3 FUTURE PERFORMANCE [12]
All magnets and power converters allow the 1432° op- [13]

tics to operate up to 103 GeV. In 1999, the performance
limitations will depend on the maximum possible intensity14]
and on the highest reliable accelerating gradient [18]. For
2000, the cryogenics cooling power will also be a limita{15]
tion for energies above 100 GeV. Performance estimates
for 1999 foresee an integrated luminosity of 1.5 plalay [16]
for 6 mA total current. With 8 mA, 2 pb'/day are ex-
pected. However it should be emphasised that for high iTi7]
tensity and high energy the global efficiency is likely to
be reduced. A word of caution has to be added regardin
the available aperture: it remains to be demonstrated t ]
a horizontal emittance of 47.3 nm at 103 GeV can be ac-
commodated in the machine. Also, the available momen-
tum aperture, which is limited by the non-linear vertical
chromaticity correction, was shown to be marginal above
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which proved to work for both low and high energies.
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