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Observation of Radial Ring Deformations using Closed Orbits at LEP
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Abstract whereq is the momentum compaction facteris the hor-

) . _ . _izontal strain. For the LEP optics used between 1993 and
With a circumference of 26.7 km the LEP ring is subjecrlg%a varied between 43 - 15_4 and1.86 - 104

_to long range geological deformation_syvhich mu_s_t be mon- The horizontal movement of the beam relative to the
itored accurately to guaranteeasufﬂment precision on t adrupoles can be observed either through the energy
beam energy for the LEP experiments. Changes of the L ange or directly with the beam orbit measurement sys-

circumference can be extracted from the radial position %m. To enhance the sensitivity and reduce the systematic

the closed_orblts with an accuracy bet?erthan 0.1 mm. Trbq‘rors, the horizontal beam position is averaged over all
observed tidal deformations with amplitudes of upto 1 m PMs (Beam Position Monitors) located in the regular arc

were found to be in good agreement with geological mo ~ODO cells at the vertically focussing quadrupoles [5, 6].

els. Besides such periodic effects seasonal circumferen@s to 240 BPMs can be used to compute this average beam
variations of 2 mm are also observed. A summary of megy, qjion which will be denoted Arc. The horizontal dis-

surements collected between 1993 and 1998 is presente ersionDy is ideally identical at all the selected BPMs.

Xarc is related toAC by

1 INTRODUCTION AR D. AC
. - AXprc = Dy— = ——— (2
The influence of terrestrial tides on the LEP beam energy E a C
was discovered in 1991 when calibrations were performeﬂ]e factor D, /o can be measured using a controlled

for the first time by resonant depolarization [1, 2]. In 199 . . ]
and 1993 further studies demonstrated that the beam ene%r&izg:hﬁz g;e RF frequendyr since this leads to a po

variations were in good agreement with the predictions o

tide models [3]. But it also became clear that in addition AX _ Dy Afgp 3
to tidal deformations the ring was subject to long term cir- ARC = 770 frr ©)
cumference oscillations with an annual periodicity. Energy

calibrations by resonant depolarization have an accurady€ ratioD,/a ~ 2.5 — 2.9 - 10° (m) depends slightly on

of 10 ppm but can only be performed when the beam at8e beam optics. The measurements agree with MAD [7]
not colliding. For very precise measurements of the Z bd:alculations within 2%.

son mass and width this calibration must be extrapolated in

time to the periods where the beams collide and the LEP 3 EARTH TIDES

experiments take data without spoiling the excellent accu-. .

racy [4]. Information extracted from closed orbits has beepl—'des are ca_used by thie/r* dependence of the gravita-
used to track and understand circumference changes whit(':?lnaI atfcractlon of the sun and the moon. The presence of
alter the LEP beam energy [5, 6]. This paper reviews thd celestial body leads to a quadrupolar deformation of the

present knowledge on radial deformation at LEP. Earth surface. The radius changét is

M

o3 (3cos?0 — 1) 4

AR ~ %PQ(COSO) =
2 RADIAL DEFORMATIONS a

Since in LEP the particles are ultra-relativistic, their orbi h(;are& ;'Fhehanég_le betweenhthg v;rtic;al Zg;ahe. cehlestial
length is determined by the frequency of the RF syste ody anca is the distance to the body of m 2 Is the

which is normally kept constant. As a consequence of  order Legendre polynomial. Figure 1 shows a sketch

circumference changaC, the beam is forced to adapt its of the lunar tide bulge. Sun tides are about 50% weaker

radial position in the quadrupoles. The additional bending]an Moantides. Undert_he influence of the t|_dal forces the
arth surface moves vertically by abaufi2 cm in the area

field leads to a change in ener : . . .
9 A around Geneva. The associated horizontal stramiluces

AE 1 AC ¢ peak-to-peak circumference changes of up to 1 mm.
= - acC - & (1) The influence of the tides on LEP can be described by a
CTE (Cartwright-Taylor-Edden) model which includes the
* Email: Jorg.Wenninger@cern.ch 505 main tide harmonics [8]. A program based on such a
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Figure 1: Tidal deformation of the Earth surface due t‘?igure 3: Example of the evolution 6f 4 zc- during a LEP

the presence of the Moon. The inclinatiop of the Earth ¢ "the gata points follow the variation expected from the
rotational axis with respect to the plane of the ecliptic i$-TE tige model.

23.5°. The inclinatiore; of the lunar orbital plane i5.1°.

lated toAg :
tide model, where some parameters are adjusted with ac- D, AC DT Ag
tual gravity measurements, is available to estimate the tidal AXarc = T2 C T a i (6)

change in gravitational acceleratidxg which must then . o .
be related to the straia Figure 2 shows an example of Figure 3 shows an example of a tidal distortion of the ring
tide predictions for LEP. At high tidef\g| reaches 1.5 Observed with the BOM system over a LEP fill.

pm/s® around LEP for an average acceleration of gravity A sample closed orbits acquired in stable beam condi-
g =9.805 m/3. tions in 1994 and 1995 has been used for the analysis of
. . . tide effects. The sample of ARC BPMs is scanned for
The fraction of gravity change that couples into a horE:hannel which show frequent problems or a suspicious be-
|/\zor-1tal straine can be described by a coupling parameteﬁaviour. Such BPMs (about 40 out of the 240) are com-
T pletely removed from the analysis. To avoid biases due to
AC A slow changes of the circumference that are not related to
_2b . 28 (5) ; o
€= c T g tides, only the changes &farc with respect to its fill av-
erage (maximum 12 hours) are fittedAg. The residuals
where)r ~ —0.16 from geological observations [8]. The of the individual measurements after the fit are typically 5

maximum strair reaches a ting +2.2 - 105, to 7 um. Figure 4 shows the spread Xfyrc around its

The beam position measureméftrc can now be re-
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Figure 2: Local gravity changAg predicted for LEP. The X s Residual m)

time scale starts on Januar§f 1996. The largest ampli-

tudes occur every 14 days at full and new Moon. The firgtigure 4: Distribution of the residuals &rc with re-
high tide on January'5 corresponds to full Moon. The spect to the fill average before (dashed histogram) and af-
amplitudes are modulated by the eccentricity of the lunder tide correction (solid histogram). The RMS is reduced
orbit and the seasonal variation of the Sun position. from 14 to S5um.
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ingredient to model the LEP beam energy. The associated

12t H ~ _ . 4 . .
Figure 5: Correlation between the change in circumferenég'¢'9Y varl?jtmn :CSAE/E_Nd‘l I 5 10h , WLIIC?j IS_m(()jre
AC measured with the BOM system and the predicted tid&'2" ontIanr er of magnitude larger than the desired accu-
gravity correctiomAg. The slope is-410 + 20 . racy on t.

5 CONCLUSION
average value over a fill before and after correction for the ) o .
tides. Closed orbits have been used for a quantitative determi-

The correlation betweeng and AC is shown in Fig- nation of the deformation of LEP dut_a to terrestrial tides.
ure 5. The slope\;C/g (Equation 6) is measured to be | e measured de_cre_ase of the_ LEP mrcumfere_n@ielot
—410+20 82, yielding \r = —0.15+0.01, in good agree- 02 pm for a relative increase in the local gravity of—°
ment with independent geological measurements. The &p-iN 9ood agreement with previous measurements by reso-
ror is dominated by systematic effects due to tails in thBaNt depolarization and with geological observations.
distribution of the fit residuals (Figure 4). _ Besides those per_lodlc tide effects even larger seasonal

The measurements obtained from this analysis agrédcumference variations of about 2 mm peak-to-peak have
well with the results from energy calibration by resonanP€en observed from the beam position relative to the

depolarization [3, 5]. quadrupoles.
The information gained from the closed orbit data has

been successfully used to track beam energy changes and
4 LONG TERM RING DEFORMATION to guarantee a precise measurement of the Z boson mass

Besides the periodic tidal movements LEP is also subjeghd width.

to much slower long term circumference changes. Figure 6
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