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Abstract refined estimate considering densgffects within the wire

A new wirescannemwasinstalled in LEP fothe 1994run. It Mmaterial brought thislown to 1050°. Irthe first full year of
incorporates an improved mechanical design tfe wire operation, wires were destroyedratich lower currents. On
movement and canaccept three mechanisméwo for one occasionthe Carbon wirevas replaced by a Jim
horizontal andone for vertical scans. Wires of differef@eryllium wire, which was analysed aftés destruction [2].
materials and ofarious diameters were fixed to new ceramithe analysisshowedthat thewire had melted towards the
forks. Viewing ports werdnstalled opposite each wire toextremities, far from theeam impact, at a beacarrentwell
allow the direcbbservation othe wires with a TV camerabelow the nominal one. REnergy deposition was suspected
during a scanRecordings of the wire resistanaad of the andwire resistance measurements weréated to estimate
light emitted by thewire were madeduring scansThese the average wire temperature incredseing a scanThese
observations have providéde first experimentatvidence of scans confirmed the RF heating hypothesis, demonstrating
the various wire heating mechanisms by the beams. the dominance of magnetic coupling to the wire when far
heating due to coupling to the electro-magnefield from the beam and ofelectric field coupling when
generated by thbeam exceedthe heating due to particleapproaching the beanwell beforethe wire encounters a
collisions. An evaluation is made on the behaviour of Carbsignificant amount of leptons [2]Two levels ofconstant
and Quartavires. Conclusions are drawar defining asafe temperature were measured whiam from the beam, see
operating regime. Fig.1. From the parkingosition to about 15 mm from the
beam, a temperature of 520°/mA was recorded. After the
| INTRODUCTION beam .tr.aversal, whethe beam pgssedhrough theloop
comprising of thefork and thewire, a second level of

Wire destruction hagslways been a major concern1000 /mA was estimated.

with wire scanners, particularly with instruments installed Of/mA]

circular lepton machines like LEP, where heating ofvifre b‘eanq:
by the RF fields generated bye short lepton bunches adds to 1500 Vo
the energy deposited locally e intercepted particles. In \\ fork in
the case of LEPthe RF heating is ifactthe majorcause of 1000ttt ittt Tt
wire destruction. Several studies have been made since the parking +
LEP start-up, the latest with direobservation ofthe wire 500 T
with a TV camera, in order to better understand wlie 0 T 10mm/div

heating process sothat the beam current limit for safe
operation of the instrumentould be increasedThis is Fig 1: wire Temperature evolutioduring a scan with the
important as the wire scanners are #igsolute calibration qriginal tank and fork set-up at a wire speed of 0.2 m/s.
device for the synchrotron light instrumentsed

continuously in operation [1]. These levels weréhought to result from magnetic
coupling of the fork/wirdoop tothewakefield inthe tank for
II. HARDWARE EVOLUTION AND STATUS the first case, and to the magnetic field generated byehim
for the other cas&his couplingwas strongly reduced by
The original problemand theevolution ofthe LEP modifying the fork construction by breaking a parasitimp
wire scanners ardescribed in Refl2,3]. The originalforks [3]: see *“old#2” fork in Table ITemperature levels of
werepart of acommon design for LEBNd SPS. Similaiset- 230°/mA and 530°/mA werethen measured. The parking
ups in theSPS [4] operate with beams of up to 1.8%}) temperature was even reduced to 80°/mA tioe vertical
well abovethe LEP nominal intensity of 6 mA, i.e. 3.3%10 wires which were better shieldeagainst RF fields. The
leptons. The vacuum tanks supporting the mechanigens temperature peak in Fig. 1 corresponds to coupling to the
designed to achieve dsw animpedance as possible. Théyeam electric fieldnddepends on the wire lengéind on the
calculated longitudinaloss factor ofthe tank is equal tORF spectrum of the bunch. Thekgpotheses agreed with
0.1V/pC, of which 0.03V/p@ome fromthe horizontalvire observations made whetbe wire temperature changed at
parking cavity. Forthe originally designed wire scanner gonstant current when the bunch lengtis change¢B]. The
temperature rise of 1420° was estimated from enengyam current limit could then beincreased to circulating
deposition in the Carbofibre at acurrent of 6 mA [5]. A beams of 3 mA at a wire speed0b m/s. After analysis, it



was concludedhat the current limitcould only befurther This amplifier output is acquired during the scans together
increased by redesigning the vacutemk tolower the loss with thebeam profile measured by a scintillatord thewire
factorand thesupporting fork to break amgmaining current position measured with l@gh precision optical ruler [2]. The
loop and bychoosing the wire lengtivelow wavelengths results aredisplayed inreal time andsaved.The live TV
present in thebeam spectrum. Isolating materials whichignal isobservedduring a scan andonnected to aideo
prevent RF currents from heating the wimere also recorder for off-line digitisation. The wiresistivity variation
considered. A new vacuutank having the elliptical shape ofwith temperature was estimated. Measurements in an oil bath
the adjacent chambeend with small parkingavities was at lowtemperatureand with apyrometer ahigh temperature
designed. Its loss factor is 0.04 V/p@r horizontal parking have been performedhe results are plotted in Fig. Both
cavity. Twohorizontal ancne vertical wire ports were fittedshow a similar negative temperatureoefficient. Absolute

to the tank. They provided thmssibility to make scans alongneasurements are difficult, but estimations of temperature
three directiongby using inclined wirespand totest various variations should be satisfactory up to 1800°C.

wire materials. Also incorporated were viewing ports ta

observe the wires with TV cameras: Fig 2. 2.5
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Fig 4: Measured wire resistance variations with temperature.

IV. RESULTS

Fig. 2: CAD view of the New Wire Scanner Vacuuriank:
small viewing portscan be seen at theft and top, and The temperature measurements during a scan, using
flanges for the wire mechanisms at the bottom and right. the same beam, with okhd newtanks andorks, short and
long wires show the improvements achieved: Table 1.
The forks were redesigne@nd made entirely of

ceramics, with thgossibility to stretclthree wires spaced by Table 1: Normalised average temperature increase of wires
6 mm across the aperture: Fig. 3. Carbon wires ah@ 36
pm and Quartz wires of 38m were installed and tested. Location| Tank| Fork| Wire lengtf ATpark. | AT max
139/V e| old | old#2 56mm 80°/mA | 620°/mA
140/Hé| old | old#3 56 mm 200°/mA| 640°/mA
160/H€E| old | old#2 29 mm 30°/mA | 520°/mA|
161/ VE| new| new| 30f29 mnl 20°’mA | 500°/mA|

As a consequence tiie new designthe wire heating in the
parking position is now negligibleand the maximum
temperature reached during a scan desreased confirming
the heating by coupling to the electro-magnetields.
Recordings shovagain a temperature increasell before
reaching thebeamand aslow decreasafter the traversal.
When the wirecrosseghe beam, thslope ofthe temperature
curve is only slightlychanged, indicating that thglobal
temperature increase due to theam-wire collision is small
(Fig. 5). This is consistent with tlexpected temperature rise
lll. TEMPERATURE MEASUREMENT for collision losses ofl75°/mA, see Sectioh, on thewire
portion hit by the beam (1 mm or 2 mm for the H or V scans)
The temperature is estimated from resistanead theinduced average resistance variation of the viile
variations. The Carbon wire is put in tleedback loop of an length (29 mm or 56 mm). The latter very small (in the
operational amplifier tuned for zero output with no beamatio of the respective lengths when assuming no conduction)

Fig. 3: The new ceramic fork with three wires.



and is muchlower than theobservedtemperature increase V. CONCLUSION
when the wire passes inside the beam distribution.

Integrated wire resistance measuremeamsl the

620 observation of light emission from the scanning wires confirm
that the major mechanism for wire destruction in lepton
storagerings is by RHields. These fields act adhe full wire

IN — < OUT length faraway from the encounter dbeamand wire. The
70°] =

induced temperature increase is mtran twice that of the
estimated heating frofmeam energy deposition the central
part of thewire. The acceptablecurrent limits are hence
reduced for conducting materials like Carband aresven
lower for Beryllium. These phenomena impose design
constraints which can be summarised as follows:
-20 mm 0 20 mm - vacuum tanks with as low loss factors as possible

- wire parkinglocations connected to theeam pipe
Fig. 5: Resistance/Temperature cunesd beam profiles with sufficient attenuation for the beam RF spectrum
during a full IN and OUT horizontal scan of a 1.2 mA beam. - wires as short as possible, witheagth preferably

below the two sigma limit of the bunch wavelength spectrum
The video scans confirm the RF heating of the wire. - wire supporting forks whicleffectively break any
Whatever the positiorexcept perhaps when passifigough |oop passing through the wire for the magnetic field coupling.
thebeam whergehe CCD camera saturates, the extremities of The latest desigloweredthe integrated temperature
the wire are the hottest: Fig 6. The wire average temperafuigease during a scan to 500°/mA, withie ends morehan
as estimated from the resistance measurement underestingatgstor of twohotterthan thecentre. Thissetsthe maximum
the peak temperature by matean afactor of two.Similar current limit at 3.7 mA, with aafecurrentlevel at 2 mA.
temperature profilesare  obtained by simulations whepires made of isolating material, here Quartz, have given the
considering the wire as a dipole in the fRffds generated by pest results fomaximum beancurrent.More experience has
thebeam along its direction. They confirm albat thelong to be accumulated to assehsir susceptibility tothe strong
56 mm wire will heat up morthan theshorter 29 mm wire. electrical fields generated lhigh intensity beams, buhey
This dipole typetemperature profile is globallfielping the withstood scans of beams of mahan 4mA, i.e. morethan
wire survival as ithas a minimum at the centnhere the twice the safe threshold value for Carbon fibres.
wire is heated by the collision with the beam. These Monitoring the thermalbehaviour of thewires
observations were mageimarily with thefork holding three through resistance measuremanti directvideo observation
wires: two carbon wires of &1d 36um, and a quartwire of has been extremely helpful.
33 um. The 8um carbon wire broke at @rrent ofabout 1.5
mA and the 3@um one at 4.3 mAwell above previousmits. VI. ACKNOWLEDGEMENTS
The average maximum wire temperatdeeing the scan was
in this case about 1750°The Quartz wiresurvived these
currents despite itwer melting temperaturand is still in
use. Ndight emissionduring scans has so faeen seen from
either of the Quartz wires.
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The new tank was designed by C. Menot and
manufactured by th€ERN workshopsThe loss factors were
calculated by P. Valentin. G. Ferioli, Nlann and JProvost
helped with the resistan@ndvideo measurementnd J.M.
Vouillot with the illustrations.

Their contributions are greatly acknowledged.
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