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Abstract

The accurate measurement of the W Boson mass at LEP requires to determine
the beam energy to the highest possible precision. Present schemes rely on
accurate energy determination in the range of 40 to 60 GeV using resonant
depolarization and on precise extrapolations to high energy. Several methods
based on measurements of the energy loss due to synchroton radiation have been
studied. Different approaches such as the study of the damping time of transverse
oscillations, the radio frequency sawtooth and the dependence of the synchroton
tune on the total accelerating voltage are described and results are discussed.
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ENERGY LOSS MEASUREMENTS AT LEP2

H. Burkhardt, A.-S. Miller, J. Wenninger, CERN, Geneva, Switzerland

Abstract energy loss [MeV]

The accurate measurement of the W Boson mass at LEP re- energy [GeV] MAD ‘ measured
quires to determine the beam energy to the highest possible

precision. Present schemes rely on accurate energy deter- 45.625 127 | 126 + 9

minations in the range from 40 to 60 GeV using resonant 60.000 380 | 382 + 4

depolarization and on precise extrapolations to high energy.
Several methods based on measurements of the energy losEable 1:Results and1AD predictions of the energy loss due
due to synchrotron radiation have been studied. Differentto synchrotron radiation at 45.6 and 60 GeV beam energy.
approaches such as the study of the damping time of trans-

verse oscillations, the radio frequency sawtooth and the de-

pendence of the synchrotron tune on the total acceleratin

fedictions, the resulting relative ener ncertainty is of
voltage are described and results are discussed. predictions, the resulting relative energy uncertainty is o
the order of0(1%).

1 MOTIVATION 2.2 The Energy Sawtooth

LEP2 provides a rather unique opportunity to study energyhe horizontal beam position is a function of the local mo-

loss and synchrotron frequency in an environmentwith manentum. The continuous energy loss in the arc sections
jor energy losses and highs. The main motivation for the |eads to sawtooth-like horizontal orbits in the LEP ring.

studies presented below however is the development offde difference between the positron and electron orbits can
reliable energy determination at the highest energies withe used to determine the energy loss with the help of the
an accuracy of 20 MeV or better. The presently used eXworizontal dispersion. Results of fits to the sawtooth are
trapolation methods using magnetic measurements crosgown in figure 1 where the energy loss is plotted as a func-
calibrated with resonant depolarization in the range fromion of the day in the year. Details on the fit method can be
40 to 60 GeV show systematic effects of the order of 2€yund in [4]. The fit results seem to scatter around a central
MeV at highest energies [1]. The methods mentioned b&alue but there are clear “jumps” some of which correspond
low are alternatives, based mainly on determinations of the BPM calibrations (dashed lines). The other jumps could

energy loss and using existing LEP equipment. not yet be accounted for. The RMS of the energy loss distri-
bution before day 275 is relatively small and corresponds to
2 MEASUREMENTS a relative uncertainty of the energy of aroufigs - 10~*).
This method however is strongly limited by systematic ef-
2.1 Damping of Coherent Oscillations fects. The fit results differ between the octants, depend on

the selecti frejected (faulty) BPM hibit “j 8
A coherent horizontal oscillation is excited by a single kick e selection of rejected (faulty) s and exhibit jumps

and the center-of-charge position of the bunch is observed
over 1024 consecutive turns. A fit to the data by a damped 1885 ——
oscillation with amplitude dependent frequency yields the2 1gg0 £
coherent damping time as described in [2]. The coher- - ..
ent damping at LEP is composed of radiation and head-tai :
damping:
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whereQ’ is the chromaticity/, the bunch current an#, 1850 ¢ E

the beam energy. An extrapolation fp = 0 yields the 1845 |- P Pl 3
damping rate due to synchrotron radiatign' from which 1840 Bt it b
the energy loss or energy can be extracted. Table 1 givesthe ~ 140 160 180 200 220 240 260 280 300 320
results for measurements at 60 and 45.625 GeV. Although Day

the measurements are in good agreement withvtke [3] Flgu_re 1 Energ_y loss from the sawtoqth fits in MeV as
function of day in year. The dashed lines denote BPM

* CERN and University of Mainz, Germany, calibrations.
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sometimes correlated to BPM calibrations. The good irsize and to the momentum offset due to central frequency
trinsic accuracy and the parasitic measurement favor thésd tides. The finite beam size adds a contribution equiv-

method but the systematics are not yet under control.

2.3 (@, and total RF Voltage

As the synchrotron tune depends on the beam energy
well as on energy losE, and total RF voltag&’zr, mea-

i i ~ C
surements of these dependencies can be used to determine Up= 2B+ K
the beam energy. The upper plot of fig. 2 shows a measure-

»0.18 F E
016 | E
014 F E
012 F E
0.1 -
008 £ 50.005 GeV E
0.06 e b b b e b b b1
200 300 400 500 600 700 800 900
Ve | MV
25 S R—
@ > E
9 15 ¢ X2/ ndf=13.8
1,
=
£ 05 F e
g 0P E I8 ¢;
S a5 E L ¢ ¢ ¢
2'_% SR A S S B B
200 300 400 500 600 700 800 900
Ve | MV

1000

1000

alent to a shift of the beam by one RMS beam size. The
sum of these losses Is = 2.57 MeV at 50.005 GeV and
K = 2.65 MeV at 60.589 GeV with an overall uncertainty
of AK = £ 0.50 MeV. The total energy los¥, used in
&5.(1) is finally

®3)

To study the fit quality and to find a correction for the un-
equally distributed RF voltage, the model was tested with
themAD simulation program. Figure 3 showis generated

for a beam energy of 50.005 GeV with different RF config-
urations: a realistic case with the normal LEP RF distribu-
tion, a case where the same total voltage is concentrated in
one point and the limit of a homogenous distribution where
the voltage is distributed over the whole ring. To account
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Figure 2: Upper plot: Synchrotron tune as function of [ i~ ]

total RF voltage measured at 50.005 GeV. The curve is
a best fit according to eq.(1). Lower plot: Difference
between data and fit for the same range.
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Figure 3:Synchrotron tune as function of total RF volt-
age as calculated witiwap for different RF configura-
tions. The curve is a fit to the “realistic” RF distribution
using the fit model eq.(4) with appropriate input param-
eters.

with Uy = C, /p E*, o being the momentum compaction
factor, h the harmonic number angdthe average magnetic
radius. This analytical model is only valid when the RF
voltage is homogenously distributed along the ring and for
slow synchrotron oscillations. It has to be refined to takéor the RF distribution, a term proportional 4}, has to
into account the large energy losdaf/ E ~ 2% at highest be added to eq.(1). The weight factf is taken from the
energies. The bottom plot of fig. 2 shows the difference bdit to theMAD dataset. The final model reads as follows:
1

tween data and fit. Residuals aptishow the sensitivity of 2 . orro
the data to additional corrections which can be determined? — (a_ch) {g Vir [}g} (4)
in the fit or included as constraints from separate measure- 2m EZ E?
ments and calculations. A first step is the correction of thgii, the relations from equations (2,3). The energy ex-
energy for differences between the central frequency anflcted from a fit to simulation data is in good agree-
the actual RF frequency ment with the input energy. A systematic uncertainty of
1 (frr — fop) + 10 MeV is assigned to the fit results. Figure 4 shows the
E.=FE (1 o fi) measurements at 50.005 and 60.589 GeV. The curves are
¢ rE best fits using the “final” model of eq.(4). The momentum
and the introduction of a “voltage correction factor’compaction factotr. and the voltage nonlinearity factéf
Vrr — g Vgrr to take care of RF voltage calibration are taken fronMAD. All other parameters were allowed to
and phasing errors. In addition to the synchrotron radiasary in the fit. Figure 5 shows the residuals of the fit to the
tion loss in dipoles other energy losses have to be také&®.005 GeV data. Itis clearly visible that the model is able
into account: energy loss from quadrupoles due to sawe reproduce the measurements quite accurately. External

tooth and closed orbit distortions, energy loss from corred&nowledge was incorporated in the fit by introducing con-
tors, parasitic mode losses, corrections due to finite beastraints of the typéa — anom)?/02 Wherea stands for a

+ Mg4V§1F —

(2)



if tighter bounds can be set dd andg. If the energy is

o018 known from other measurements (resonant depolarization)
[ the same fits can be used to extract the momentum com-
016 T paction factor. The relative uncertainty resulting from this
014 b method isAa../a. ~ 1 - 1073 whereas conventional mea-
! surements have relative uncertainties of 7%. 2All mea-
012 | surements of the momentum compaction factor are in good
o1 I agreement with th&1AD value.
008 | ? Enn=50005GeV | 3 SUMMARY
i Y Epom = 60.589 GeV
Y A Y AT A A I S Several methods to measure the energy from the energy
200 300 400 500 600 700 800 900 1000 loss using existing LEP equipment have been studied. To
Ve I MV be useful, the relative calibration uncertainty should not
Figure 4: Measurements af), as function of total RF exceed a few times0~%. The determination of the en-
voltage. The curves are the results of the fits according  ergy loss from the damping of coherent oscillations gives
to eq.(4). a relative error of2(1%). The measurement of the energy

loss using the energy sawtooth has a good intrinsic accu-

fit parameter and, for its estimated uncertainty to thé-  racy O(5 - 107*)) and does not require dedicated beam
function. a,om is the value the parameter is constrained tdime. However the systematics are not yet under control.
The beam energy was constrained to the nominal energﬁ,‘e most promising method is the measurement of the syn-
o1 Was set tak 50 MeV. The central value dk was setto Cchrotron tune as function of the total RF voltage. Exter-
the given values with an error af 0.5 MeV. The voltage nal information is introduced into the fit in a controlled
correction factor was constrained to the average value ob¥ay Which also allows to assess sensitivities to input pa-
tained from the measurements, was estimated from the fameters and simulation biases. A relative energy error of
spread of the results. The valuepf= 0.95415 & 0.0005 AE/E = 2.8-10~* has been reached and further improve-
implies that the effective voltage is about3ess than the Ments are possible.

nominal voltage. In table 2 fit results are compared to the
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Figure 5:Difference between data and fit for the final fit
model.



