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Abstract the vertical one. In TBT modus each BPM acquires 2048

. . turns.
The Fourier analysis of Turn by Turn (TBT) data pro- We have taken 2 sets of measurements with a total

vides valuable information about the machine linear an_gf 0.25x10'2, and 1.510'2 particles in 30 bunches re-

non-linear optics. This technique introduced first at Fermi- . : :
lab in 2006 for correcting the Tevatron linear coupling, haspectlvely. Fig. 1 shows the TBT data at two locations

been now extended to the Main Injector with the aim of fihere nominally,=56 m and5.=59 m for one of the

) S : =0.25x10'2 shots.
better understanding of the beam dynamics, in pamcular?r\]] * Shots

view of a substantial beam intensity increase in the frame Turn by turn data
of the laboratory neutrino program.

HP126

INTRODUCTION

The recent upgrade of the Main Injector (MI) Beamg

Position Monitor (BPM) system allows the use of Turnc

o

by Turn (TBT) techniques for this machine. We use thez
Fourier transform of the TBT oscillations resulting from =
a single kick to evaluate the twiss function values at the
BPMs location. Other methods, as Model Independent
Analysis or Independent Component Analysis, may be ‘ ‘ ‘
used but finally all these methods suffer from the fact that o 500 1000 1500 2000
the invariant amplitude, which is relevant for the compu- Turn #

tation of theg function gnd of the Iine_ar coupling, must Figure 1: TBT data forv=0.25x 102,

be computed by resorting to a machine model and from
the fact that the amplitude of the coherent oscillations de-

. L The coupling of the vertical oscillation into the horizon-
creases more or less quickly limiting the phase measure- . .
. . tal plane is very weak. The poorness of the horizontal data
ment resolution too. On this last respect the use of a s

called AC dipole is of course more convenient, but While80es not allow a meaningful optics measurement in that

not any machine has a AC dipole, every machine has glaqe. . :
y mach . P y Fig. 2 shows the measured vertical function at
least an injection kicker.

the BPMs location (averaged over 6 measurements with
N=0.25x10'?) as well as the design one (MAD). The error
OPTICS bars are the statistical errors. The corresponditgating
) ) ) ) is shown in Fig. 3. A Fourier analysis of th&beating
The Ml is a rapid cycling multipurpose accelerator dersee Fig. 4) does not reveal a clear peak at the expected
livering p beams for fixed target experiments apdnd harmonic, namely 42 faf,=25.4 and 93 sampling points,

v production as well ag andp for the Tevatron collider. i the largest deviations can be fitted piecewise @y, 2
The results here presented have been obtained by analyzs es and therefore should be tridbeating.

ing the TBT data following vertical kick§ at injection en- Fig. 5 shows the phase advance deviation from the de-

ergy, namely 8.94 GeV. The tune feed forward 100p Wagjgn gne. There are no large localized gradient errors.
switched off and the Time Line Generator, which con-

trols the machine events, was kept rigorously constant s
to avoid temperature depending energy drifts. The Mi istPENDENCE OF PHASE ADVANCE ON
3319.42 m long and is equipped with totally 208 BPMs. BEAM CURRENT

The large aperture BPMs, which are not yet included in the Measuring the dependence of the phase advance upon

TBT reading software, have been excluded from our angheam current one can evaluate the effective reactive
ysis together with those where the beam closed orbit h%pedance of the machine and localize the sources
large nominal offsets. There are left therefore 101 BPMs The MI vacuum chamber is made out of stainless steel

measuring the beam horizontal position and 98 measuring, it js approximately elliptical with a full width of 12.3

*Work supported by Fermi Research Alliance LLC. Under DE-ACOZ-Cm and a full height of 5.31 cm. Effects due to the vacuum

07CH11359 with the U.S. DOE. chamber_ are theref_ore expected to be larger in the vertical
lthe (vertical) injection kicker is the only kicker available in the Ml plane. Fig. 6 and Fig. 7 show the change of phase advance
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Figure 3: Verticals beating.
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Figure 4: Vertical3-beating Fourier spectrum.

along the machine in the horizontal and vertical plane r

spectively.
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Figure 6: Horizontal phase advance difference for
dN=1.25x10'2.

all data and get

Apy

5 (5) = —0.169 x 10°m~" x s
™

We can estimate the effective vertical impedance from the
expression [1]

T L ®
ey/TR < 3y > Al

where F is the beam energyj = v/c andR is the ma-
chine mean radius.

Due to the large bunch length, the factor relating phase
advance slope and impedance is for hadron machines in
general much larger than in lepton machines: the same
impedance produces a much smaller effect on the phase
advance. This method is therefore for hadron machines not
as sensitive as for lepton ones.

Unlike the horizontal case, the vertical one show a clear gor the M1 with < 8, >=28 m, R=528.3 m and, at
dependence upon beam current. There are no evident st§Rgction energyy,=0.75 m, Eq. 1 becomes
the phase advance difference just increases monotonically

along the ring. This result indicates a distributed reactive
impedance related to the vacuum chamber. We fit linearly

e _ A/,L
ZH7 = 0.506 x 105V m 1A—Ib
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Figure 7. \Vertical phase advance difference for Figure 8: Horizontal TBT for aV=1.5x10' case.
dN=1.25x10"2

Horizontal Closed Orbit Difference

dN=1.25¢"2 ——

From our fit we getAQ,=-0.0056:0.0012 (in good
agreement with the difference of the average tunes com-
puted from the Fourier spectrum, namely -0.0057) that is
Apy,(L)/AI,=-58.68 rad At which givesZ7=29.4 M)
m~—!. We can compare our measured tune shift with the.
theoretical estimation of the space charge coherent tune
shift [2], namely

N
AQEM = —2.16 x 107322 — 753 x 10Ny (2)

e
0.1 : : : : :
wherem is the number of bunches; is the bunch length ° 2 0 BPGJ# % 10 10
in ns andN, is the number of particles per bunch in units . o
of 10'°. In our case Eq. 2 give&Q¢°"=-0.0027. Figure 9: Horizontal closed orbit difference for
Y dN=1.25x10'2.
ENERGY LOSS DEPENDENCE ON BEAM o _
CURRENT on the statistical error, that is [4]
The measurement of the dependence upon current of the Kp = E]lc;e” AATICO <60vpC!
€Ly b

closed orbit at the BPM locations of non-vanishing disper-
sion allows to compute the the loss factoy., defined as  everywhere along the ring.
the energy loss per unit charge squared, which is related to
the resi_stive pa(t of the effective longitudinal impedance. ACKNOWLEDGMENTS
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