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Abstract

In order to benefit from further reduction of the vertical
I P beta function of the PEP-11 high energy ring (HER) the
bunch length should be reduced. Thiswill be achieved by
changing the phase advance from 60° to 90° in the four
arcs not adjacent to the IR region, thus reducing momen-
tum compaction by about 30% and reducing bunch length
from apresent 12 mm downto 8.5 mm at low beam current.
In preparation to implement the 90° lattice the main HER
quadrupole and sextupole strings and their power supplies
have been reconfigured. The synchrotron tuneinitially will
be lower but can be brought back by raising the rf voltage.
Beam emittance is held at 48 nmr by introducing a signif-
icant dispersion beat in the arcs. The lattice was success-
fully commissioned at currents up to 800 mA in August
2007. In this paper we will compare the actual machine
with the predicted behaviour, explain the correction strate-
gies used and give an overall assessment of the operation
and the benefit of the new lattice configuration.

INTRODUCTION

For the final PEP Il run the original goals were to in-
crease the peak luminosity from 1.2 x 103* to 2 x 1034,
Part of the plan to achieve this was to reduce the IP spot
size by squeezing the vertical S-function. To benefit from
the beam size reduction the longitudinal beam size has to
be reduced as well since the machine was operated at the
hour glasslimit. Thefirstisdoneby using so called local IP
tuning knobs|[1]. For thelatter, the momentum compaction
factor has to be reduced. The origina HER PEP |1 lattice
has 60° arc cells. By increasing the phase advance per cell
to 90° the momentum compaction factor is reduced. The
phase advance in the arcs bordering the interaction straight
were not changed. This would have demanded a partial re-
design and commissioning of the interaction region which
was deemed to be too big an impact.

Changing the phase advance in the above described way
results in the transverse tune to change by four integersin
both planes. A change of this magnitude is comparable
with the commissioning of a new machine. To minimize
the fallout from this change a special machine devel opment
(MD) shift was planned to test the 90° lattice beforeimple-
menting it during normal operation. In preparation of this
test great effort was made to study all possible scenarios
and prepare correction mechanisms. This was done by us-
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ing amachinemodel in MADX which was generated using
MIA data

LATTICE DESCRIPTIONS

The TWISS parameter of the HER 60° design lattice is
shownin Fig. 1. The IR is clearly visible through its high
[ insertion (black and red curve). The arcs can be identi-
fied by the non zero dispersion function (green curve). The
(- and dispersion functions in the arcs adjacent to the IR
are different compared to the other arcs as they are part of
the IR design. A change in this area cannot be made IR
transparent and therefore the arc cells in this region were
not changed to 90°.
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Figure 1: HER 60° design lattice. The black and red
curve show the square root of the horizontal and vertical
B-function. The green the horizontal dispersion function.

Fig. 2 depicts the TWISS parameter of the HER 90°
design lattice. The most significant visua difference are
the large oscillations in the horizontal dispersion functions
in the arcs to control the emittance. The g-functions at the
IP arethe same asin the 60° design lattice. The squeeze of
the vertical 5-function are done separately using IP tuning
knobs. Table 1 shows alist of parameter for both lattices.
The momentum compaction factor « is reduced by approx.
30%, translating into a bunch shortening by approx. 15%
and alowing to reduce the vertical spot size by also 15%
before the hour glass limit is again reached.

SIMULATIONS

The HER has been tuned over the past seven yearsto in-
crease luminosity. This has resulted in deviations of mag-
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HER 90 degree Lattice
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Figure 22 HER 90° design lattice. The black and red
curve show the sguare root of the horizontal and vertical
B-function. The green the horizontal dispersion function.

Table 1: Design parameter of the 60° and 90° lattice.

Parameters 60° lattice 90° lattice

a[1] 0.00241 0.00169
v [1] 24.518 28518
vy [1] 23.63 27.63
o [mm] 105 8.84

net strength settings in the machine from the design model.
Also the beam orbit in the machineis different compared to
the model. All this makes it difficult to predict the impact
of changing the lattice in such a drastic way. The question
of how to take these differencesinto account was addressed
by using the MIAMADX onlinemodel. Thismodel is gen-
erated by transferring the magnet strength val ues cal cul ated
from MIA [2] measurements into the MAD design model.
These data were taken with the 60° lattice. The procedure
is setup to add the measured changes to the design lattice
as perturbation. This allowed, by simply exchanging the
design lattices from 60° to 90°, to model the expected be-
havior when implementing the new lattice. Fig. 3 shows
the 90° design lattice with the measured 60° perturbation
added. The most important fact was that this”90° machine
model” was stable. This allowed to plan the use of al stan-
dard correction tools from the beginning and substantially
enhance the chances for succeeding within the planed time
frame. With this model the expected errors on the linear
lattice functions could be studied and correction methods
prepared. The horizontal 3 beat increased from 20% in the
60° machine to over 250% in the "90° machine model”.
The studies showed that by changing one of the high 3 in-
sertion quads the expected (3-beat can be reduced below
50%. Theinformation gathered by these studies were a vi-
tal input during the planning phase and the execution of the
MD.
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HER Online Model 90 degree
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Figure 3: HER 90° design model with errors, measured
with the 60° machine on top of the design magnet strength
values.

COMMISSIONING OF THE NEW
LATTICE

To havethe best possible baselinefor comparing changes
from the implementation of the new lattice, phase advance
and dispersion measurements before and after the imple-
mentation were conducted. Additionally after every cor-
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Figure 4: Calculated 3-functions from advance measure-
ments after implementation of the new lattice and standard-
ization of the magnets.

rection step the measurements were repeated. For these
measurements and during the greater part of the MD asin-
gle bunch with approx. 2 mA was used.

Fig. 4 depicts the measured square root of the (-
functions after |oading the new lattice and standardizing the
rings. This plot can be directly compared to Fig. 3 which
was the prediction of this case. Within the measurement
uncertainty and hardware errors (bad BPM reading) these
plots are the same indicating the good quality of the online
model.
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After this measurement the 3-beat correction from the
was applied. Additional standard tuning and corrections,
using sextupole orbit bumps and orbit correction, were ap-
plied. Fig. 5 shows the measured horizontal 90° dispersion
measured after these corrections. Comparing this plot to
the design model shown in Fig. 2 (green curve), the same
conspicuous oscillations in the changed arcs can be seen,
although thereis still an apparent dispersion beat.
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Figure 5: HER 90° horizontal dispersion measured after
changing to the 90° lattice, standardizing the magnets and
first optic corrections.

Fig. 6 shows the synchrotron frequency measurement.
The upper plot depicts the measurement with the 60°, the
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Figure 6: Synchrotron frequency measurement for the 60 °
(upper plot) and 90° lattice (lower plot).

lower the 90° lattice. The central line is the revolution fre-
guency and the two smaller are the synchrotron side bands
with the difference being the synchrotron frequency. The
lower shows the same measurement for with the 60° |at-
tice. The measured and calculated numbers are presented
in Table 2.

During the actual implementation of the changes in the
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Table 2: Measured synchrotron tune and frequency of the
60° and 90° lattice.

Parameters 60° lattice 90° lattice

freg [KHZ] 136.3113
fs (1] 6.6997 5.6247
vs [kHZ] 0.0492 0.0413

HER a pilot bunch was in the low energy ring (LER). Al-
though no changes were applied to the LER, perturbations
were expected through magnetic cross talk in the cable
trays and close magnetic elements. After the implemen-
tation the LER orbit showed a beat in the order of one mm
and was corrected.

Following the single bunch run standard bunch patterns
were loaded in the HER (700 mA max) and LER (1 A
max) and the beams were brought into collision. The HER
current was limited by the fact that the synchrotron tune
change demanded a retiming of the bunch by bunch feed
backs which was not within the scope of the MD. The spe-
cific luminosity was half of its nominal value at these cur-
rents and could be increased up to approx. 20% below its
nominal value through minor tuning. This was originally
not planned and became possible through the very smooth
run duringthe MD. Notethat the 3;; was not reduced in this
experiment.

Additionally, the bunch length was measured during the
single and multi bunch runs of the MD. Although these are
not ideal conditions for the measurement and the acquired
data did not give quantitative results on the bunch length,
the signal of bunch shortening was observed.

SUMMARY

Thetest of the 90° opticswas very successful at low cur-
rents establishing all objectives of the MD. Collisions at
intermediate beam current showed the potential of achiev-
ing the estimated luminosity gains. All necessary datawere
taken and machine configuration files were saved as start-
ing point for the implementation in normal operation. The
implementation was unfortunately canceled due to the cur-
tailing of the final PEP run and the resulting changes of
goals.
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