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Abstract

The beam overlap at the LEP interaction pointsis opti mized
by monitoringthe changein the Bhabharate duringthevari-
ation of an el ectrostatic bump amplitude. A new method has
been devel oped and implemented to measure the difference
of theresidual vertical dispersion of electrons and positrons
at theinteraction pointsbased on beam separation measure-
ments at two different beam energies.

1 INTRODUCTION

LEP was operated for thefirst timein 1995 in “bunch train”
mode[1]. Each beam consist of four equally separated trains
of three bunches (families) 74 m apart. The bunches are
vertically separated before and after the collision pointsto
avoid unwanted encounters. Electrostatic separation gener-
ates opposite sign vertical beam dispersion and a residual
offsets from long range beam-beam forces at the separated
encounters. Both effectslead to acenter of mass energy shift
of severa MeV at theinteraction points(IP) [2]. Thiseffect
isillustrated schematicaly in figure 1.
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Figure 1: Schematic view of the collision of two bunches with
opposite sign vertical dispersion. The nominal CM energy is un-
affected in absence of offset (a) while it is shifted in the opposite
case (b). Size of arrows indicates particle energy inside a bunch.

The CM energy shift AEqys at each IP [2] is:
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where the collision offset éy is the distance between the
centers of the positron and the electron bunches, o, the
individual bunch vertical beam size, ADj the vertica
dispersion difference (D .+ — D, ,-) and E, op the

beam energy and energy Spread.
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In view of a precise determination of the CM beam ener-
giesand areduction of the error of the Z massand width[3],
a procedure to control the vertical collision offsets of the
beams [4] was devel oped, based on relativeluminosity mea
surements using the high rate LEP Bhabha monitors [5]
while scanning one beam against the other with closed el ec-
trostatic bumps. The luminosity was separately measured
for every family to have acompl ete control of the beam sep-
aration at the IP. Frequent adjustments of the beam sepa-
ration and some dispersion measurements are required to
determine and reduce the energy shifts. The optimal col-
lision offset, the vertical dispersion difference and theindi-
vidua beam sizein collision are extracted from the separa-
tion scans.

2 BEAM SEPARATION SCANS

For a compl ete beam scan the amplitude of the electrostatic
separator bump was changed typically 8 timesby 2 um. At
every separator setting the luminosity was recorded for 27
seconds and thewhol escan | asted 8 minutes. Anonlinepro-
gramfitsagaussian functiontothedatafor thethreefamilies
and returns the optimal separator bump amplitude for each
family as well as the average optimal position (fig. 2). The
evaluated optimal position was used to adjust the separator
settings and therefore to control the offsets. Beam separa
tion scans were done at each LEP IP (fig. 2) and typicaly
twicein afill. The origin of the separation corresponds to
thetheoretical beam axis. Thethreefamiliesdo not overlap
exactly for the same value of the separator field, whichisin
agreement with ssimulations [6]. The maximization of the
luminosity is done by averaging the three individua mea-
surements.

The error of the offset determination for a single family
is of the order of 0.2 um. This error is mainly dominated
by the statistical error of the luminosity measurement. The
very accurate gaussian distribution (fig. 3) with rms of 1.0
of the difference between two successive luminosity mea-
surements normalized to their combined error verifies the
statistical origin of the luminosity error.

The beam separati on technique can aso be used to mea-
surethe beam size variation during the scan (fig. 4). During
theIP 4 scan theluminosity isvarying at the other three | Ps.
The beam size blow up in anon-scanned | P is measured by
the ratio between the luminosity when both beams are col-
liding head-on and the actua [uminosity. In this particular
case the three families show a 30% different blow up of the
beam size in the second half of the scan.



Luminosity (16° cmi? s)

Luminosity (16°cmi? %)

.
Y

"
15

©

ok N W A A @ N ®

Luminosity (16° cmi? s%)

-2.5667

2.7667
Separator settingifn)

1P2

8.1

Separator settingtn)

IP4

10

Luminosity (16° cmi? s%)

-0.7667

4.5667
Separator settingifn)

IP6

9.9

o Rk N ®w & 0 O N ®

20

Separator settingin)

P8

Figure 2: Luminosity asafunction of the beam separation at the
four LEP IPs. The offsets are separately extracted by applying a
gaussian fit to the luminosity data of each family.
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Figure 3: Distribution of the difference between two consecu-
tive luminosity measurements, normalized to the combined error
of both luminosity readings.

The mean blow up is affecting al IPs, including the IP
where the separation scan is performed. The luminosity de-
termination at the non-scanned | Pscan be used to correct for
the luminosity variation caused by beam size changes at the
scanned IP. It could be shown that this correction has neg-
ligible influence on the determination of the optimal beam
position. Beam separation scans are also a unique way to
measure themean vertical beam sizeat thelP. Thebeam size
varies between 4 and 5 pm and is determined with a typi-
ca precision of 0.2 um by including the mean beam blow
up correction from the luminosity measurements at the non-
scanned | Ps.

3 TIME DEPENDENCE OF THE
SEPARATION BUMP AMPLITUDE

Beam separation scans were performed during the 60 days
of the 1995 LEP running period. The time evolution of
the optimal separation bump amplitudeisshown infigure5
for the two operation energies (44.7 GeV and 46.5 GeV).
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Figure 4: Luminosity at all 1Ps and the mean beam blow up as
function of the beam separation at the interaction point 4. The
beam size change due to the scan in |P4 affects the luminosity in
the non-scanned | Ps. In this casethe blow up in the second half of
the scan is different for the three families.

The rms of the optimal positionis between 0.8 and 1.4 um
for different 1Ps and energies. The difference of the rela
tive bunch positions, an expected feature of the bunch train
scheme [6], was measured to be amost constant during the
60 day running period (fig. 6). The rmsvariation of the dif-
ferencesisbetween 0.4 and 0.6 um, indicatingthat thelarger
rms variation of the optimal position is due to rea drifts.
This statement is supported by measurements of the repro-
ducibility (rms between 0.2 and 0.4 pm) and by the rms of
0.26 um of the difference for scans in opposite directions.
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Figure 5: Stability of the separation bump amplitude at 1P2 dur-
ing a 60 days operation period.
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Figure6: Difference between the optimal beamvertical positions
at the IPsfor the different families. Family B comparedto A (top)
and to C (bottom).

4 DISPERSION MEASUREMENTS

The vertical dispersion difference A Dy was directly mea-
sured by monitoringthe variation of the optimal beam over-
lap over arelativeenergy change of 4.0 x 10~* produced
by changing the RF frequency. Figure 7 shows adispersion
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Figure7: Dispersionmeasurementsat onelP. Top: optimal offset
for the different bunch families. The second and fourth measure-
ment are taken at lower and higher beam energy. Bottom: mean
dispersion differencesfor eachfamily and their average (shown as
afifth family).

measurement. The top three plots show the optimal posi-
tionfor thethreefamilies. Thefirst, third and fifth measure-
ment aretaken at nominal energy, the second and the fourth
at lower and higher beam energy. The dispersiondifference
(bottom plot) is proportional to the shift in vertical position
induced by theenergy variation. Theredundancy inthispro-
cedure alows for checks of the reproducibility and of sys-
tematic effects.

5 CONCLUSION

Beam separation scans were frequently performed during
the 1995 LEP physics runs to optimize the beam overlap
at the IPs. The optimal beam separation bump amplitudes
were used to minimize the center of mass energy shifts.
Theluminosity wasin parallel measured at the non-scanned
I Ps to derive the beam size The mean collision offsetswere
on average less than 0.3 pm and the dispersion differences
at the |Ps were measured to be ~ 2 mm in absolute. This
procedure ensured a small correction to the center of mass
energy and a low additional contribution to the error of Z
mass and width.
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