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Polarization at LEP

Under the influence of synchrotron radiation, the LEP beams polarize
spontaneously (align their spins) in the transverse (vertical) direction.

Polarization is a slow and delicate process which requires a lot of
care and special machine conditions !
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Resonant Depolarization

The interest of P;: magnetic moments precess in B-fields.

The number of precessions/turnv 9. -2 E E[MeV]

is proportional to the energy : 2 mc®  440.6486(1)[MeV]

To determine the energy > Measure v !

- - <

Principle :

| o Get a fast magnet (“kicker”).

L » Sweep the B-field and observe P.

e If kicker frequency and v match, P
Fast sweeping s rotated away from the vertical axis.

horizontal B field
Resonant depolarization
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Resonant Depolarization |l

In the control room : Intrinsic accuracy
e Sweep the magnet frequency
over a selected interval (~ 22 Hz). AE < 0.4 MeV
o Observe the effect on Px. AE/E < 107

° This is more than one order
T 7771 of magnitude better than
’ 1 any other method !

; 1 Butitrequires an large
Lﬁmﬂﬁ W”‘Mmyﬁ | amount of DEDICATED

Polarization (%)

beam time !
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/ Resonance Scans

Good regions for P+ are ~ 50 MeV wide and spaced by 441 MeV.

Convenient for Z mass and width measurements !
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Stressed Rings

~ 8000
3
Sensitivity of the energy to 2
circumference changes : S 6000
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different fields. T 1 D s R s
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At LEP resonant depolarization is sensitive

to circumference changes of AC/C ~ 107!

1991 : the first calibrations revealed unexplained fluctuations of the
beam energy. A SLAC ground motion expert suggested... tides !
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Earth Tides

Tide bulge of a celestial body Earth Rotation

AXis , 0

: X € 22 €
of mass M at a distance d: | E M

M 2
AR ~ 2—d3(3005 0—1)

Moon
ecliptic-

6 = angle(vertical,the celestial body)

Earth tides : ~
« The Moon contributes 2/3, SH
the Sun 1/3. S
e NO 12 hour symmetry % 10
(direction of Earth rotation axis). & 0/
» Not resonance-driven 10 : |
(unlike Sea tides!). : o -
« Accurate predictions. DT 138w

Day (November 1992)
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) Moonrise over LEP

. The historic tide experiment !
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The total strain is 4 x 10® (AC = 1 mm)
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Underground Water

1993 : Unexpected energy “drifts” over a few weeks were
traced to cyclic circumference changes of ~ 2 mm/year.

Driving “forces” :

e Underground water
—> Rainfall

o Lake levels

e Other ?

"of

Circumference change
measured with the radial
beam position.
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The Crack in the Model

. the beam energy model seemed to explain all observed
sources of energy fluctuations...
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It will remain unexplained for two years...
10.10.2000 JWenninger - LEP fest 11



The Field Ghost

summer 1995 : the first field measurements inside ring dipoles.
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Pipebusters

The explanation was given by the Swiss electricity company EOS...

I blast your pipes ! ) DO railway

Vagabond currents
from

trains and subways

!

Source of electrical noise
and corrosion
(first discussed in ...1898 !)
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Vagabonding Currents

LEP is affected by the French DC railway line Geneva-Bellegarde
mm==p> A DC current of 1 A is flowing on the LEP vacuum chamber.

Earth current —=
La Versoix
N ®

>
7

Entrance/exit points :

Injection lines (Point 1)
Point 6 (Versoix river)

DC railway 1.5 kV
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TGV for Paris

November 1995 : Measurements of

e The current on the railway tracks
e The current on the vacuum chamber

Voltageonrails[V]

e The dipole field in a magnet

correlate perfectly !

Because energy calibrations were

usually performed :

* At the end of fills (saturation)
e During nights (no trains !)

we “missed” the trains

for many years !
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Epilogue

e 5years (1991-1995) were needed to unravel most of the beam
energy “mysteries”.

* Many other effects besides tides and trains are included in
the LEP energy model. There is not enough time to give details ...

* More than 50 24-hour days of machine time were devoted to
energy calibration between 1993 and 2000...

e The LEP Energy Calibration Working Group was a very
successful collaboration between physicist from the machine and the
experiments, building ties between the two communities.

* The mass and width of the Z boson were measured with a remarkable
accuracy (see forthcoming talks). The beam energy contributes ~ 1.5 MeV
to the total errors. Work is in progress on for the W mass...
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LEP Laser Polarimeter
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