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Abstract

Studies of the photoelectron vyiel&ind photon
reflectivity at grazingncidence(11 mrad) fromcandidate
LHC vacuumchamber materials have beemade on a

+ 3.9 mrad. During an experiment a 4.2 m long test
chamber is irradiated at a mean incidence angle afihdl
over3.4 m of its length with either 45 eV or 194 eV
critical energy synchrotron radiation. Due to thetical
collimation, photon energies belowabout 4 eV are

dedicated beam line on the Electron—Positron Accumulatgftenuated.

(EPA) ring at CERN. These measurementprovide

A machinedOFHC Cu collector and astainlesssteel

realistic input toward a better understanding of the electrqfire electrode weranounted in the tested chambers to

cloud phenomena expected in the LHC. The

measurethe forward scatteregphoton reflection and the

measurements were made using synchrotron radiation WigRotoelectron yields respectively.

critical photon energies df94 eVand 45eV; the latter
corresponding to that of the LHC at tbesign energy of
7 TeV. The test materialare mainly copper, either, i)
coated by co-lamination or
stainless steel, or ii) bullkcopper prepared byspecial
machining. The keyarameters explored wetke effect
of surface roughness on the reflectivityand the
photoelectron yield at grazing photamcidence,and the
effect of magnetic field direction on the yieldseasured at

normal photorincidence.The implications of the results

on the electron cloud phenomenand thus the LHC
vacuum chamber design, is discussed.

1 INTRODUCTION

Intensive studies have beandertaken taestimate the
possibleeffects of an electron-cloud ithe LHC causing
heatload tothe beam screen, beanducedmultipacting
and anelectron-cloudinstability [1, 2, 3, 4, 5].These
phenomenaare modeledwith a number of input
parameters, which includée photon reflectivity, R, the
electron vyield peradsorbedphoton, Y*, the secondary
electron yield,d, andits dependence omnergy,and the
energy distribution of the emitted electrons. Tmake
more precise estimates, theseparameters havebeen
measuredfor some candidate materials for the LHC

vacuum system. Here we present results for Y* and R at

mean photon incidence angle of 11 mrad.
2 EXPERIMENTAL DETAILS

2.1 Experimental System
An existing beam line on the EPA ring [6] @ERN,

by electroplating onto
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Figure 1. Schematic of EPA beam line
2.2 Test chamber preparation

The studied surfaces we@u, prepared inthe form of
liners which could be insertednto a stainlesssteel
chamber. Cu ispreferred as ithas a high electrical
conductivity thus minimising resistive wall effecthese
Cu surfaces were studied mainly without bakeoutraer
to simulate more closely the situation in théiC.
Typical base pressures offew 10® Torr were obtained
during measurements. Theairfacesand their preparation
details are given below:

a) 50 um Cu co-laminatedbnto a high-Mn content
stainless steeland annealed under ,Hat 920GC for

7.5 minutes. Anaverage surfaceroughness, R of

0.2um wasfound using a contactlesdevice (Perthen
RM600), while Atomic Force Microscopy (AFM)
measurements indicate average surfaceoughness of
12 nm over a 8x@m? surface area.

b) Ex-situair baking at 35%C for 5 minutes of the

used previously for measuring molecular photodesorpticdforementioned Cu surfacesulting in anaverage surface

yield of Al, Cu and stainless steel materials [7], wasd
for these studiesand is shown in Figure 1. The
synchrotron radiation produced byE®A bending magnet
enters the beam line through square collimator
(11x11 mn) which defines a beam divergence of

roughness of 64 nm from AFM measurements.

c¢) Cu electro-depositelom a Cu-sulphate bath onto
316LN stainless steel, with average surfaceoughness
of 1.6um measured by the contactless measuring device.
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d) A Cu sawtooth structure, 0.5 mm step height and The electron yield per incidemhoton, Y, isderived
10 mm periodicity, mounted such that the photamese from the photon flux,r-, into the testhambermaking
incident quasi-normal to the verticilice ofthe sawtooth. appropriate allowance for the attenuatidoe to the
This surface was studied in three different surface collimator, F: 46%and 65% of the photons from the
conditions:as-received, baked at 1%D for 9 hours and beam line entethe set-up at 45 eVdnd 194 eV critical
baked at 15TC for 24 hours. energies respectively. A correctialue to the effective

collection length, Loy with respect tothe length

3 RESULTS irradiated,L;, (3.4 m), is applied. Tptetoelectroryield

|
. is given by: Y = ———I"
3.1 Photon reflection qr F Lea

With the test chamber aligned in the ‘straight through ) )
position’, i.e. photons impingingdirectly onto the For the simulations of the electron-cloud andikam
collector, a current,}, proportional to the photon flux is induced multipacting effects, theelectron yield per
recorded for a sufficiently large negative bias (speege  absorbedphoton, Y*, is \? moreappropriateparameter
is overcome above ~ 20V) as shown in Figure 2. The t€ghich js given by:Y”=——. A summary of the results
chamber isthen aligned to a mean incidenangle of 1-R
11Emrad and irradiated whilst the photoelectron current fer R and Y* for all materialsstudied so far igjiven in

measured athe collector.Underthe assumption that the Table 1.

photon spectrum isinchanged orreflection, thenthis

collector current, |4, with the same negative bias isTable 1. Forward scattering photon reflection R and

proportional to the forward scattered reflecpgtbton flux.

photoelectron yields peabsorbedphoton, Y, of the

The ratio of |, to Isr thendefinesthe forward scattering studied materials under different surfaceconditioning,

photon reflection, R. For positive bias of the collector thgradiated by 45 eV and 194 eV critical energy
small recordedcurrent can be attributed to photoelectrongynchrotron radiation.

produced on the test chamber lbgck-scatteretight from
the collector.
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Figure 2. Photoelectron currentg; &nd |,, measured at
the collector for the Cuco-laminated test chamber

irradiated by 45 eV critical energy synchrotron radiation i

straight through and 11 mrad positions respectively.

3.2 Photoelectron yields

The photoelectron yield is measured at the naagie
of incidence of 11 mradsing a positivelybiased(up to
1kV) 200 mm long stainless stealire electrode. The
measured photocurrent, on this electrodeconverges for
increasing voltage butevercompletely saturatesince
this measurement is local,e. the collection length
increases with increasing bias. From theasurement of
the photoyield of sawtootlthamberwith the light at
quasi-normal incidence, normalised tthe measured
photoyield of theend collector at normaincidence, the
collection length was determined to be 500 mm.

45 eV 194 eV
Surface Status R Y* R Y*
(%) | (elph) ] (%) | (e/ph)

Cu as-received] 80.9| 0.114] 77.0f 0.31%
co-lam. airbaked | 21.7 | 0.096] 18.2| 0.18(
Cu elect. | as-received 5.0] 0.084] 6.9 0.078

Cu as-received 1.8 0.053 - -
sawtooth 156C, 9h 1.3| 0.053] 1.2 0.05%
150°C, 24h| 1.3| 0.0400 1.2] 0.04p

3.3 Effect of magnetic fields on the
photoelectron yields

The vacuum system in trercs ofthe LHC will be
mainly located in strong magnetidields arising from
dipoles, quadrupoles and correctomagnets. In the
presence of anagneticfield any emitted electrowill be
I§ubject to a Lorentz force that can deviate its motion.

For adipole field (0.08-0.1 T)aligned parallel to the
irradiated collector to within < 0.8°, a strong suppression,
by a factor largethan 50, of the photoelectron yield is
observed.The degree ofsuppression isrelated to the
alignment of thefield relative to the emittingsurface
indicating that the photoelectron emission is non-
isotropic; a misalignment of 1.5° results in a suppression
factor of 25. The strong suppressionattributed to low
energy electrons being turned back into sheface by the
external applied field. On the othlkeand asolenoidfield
(0.2 T) aligned perpendicular tadhe surface has no
significant effect on the measuredohotoelectron current,
again indicative of a non-isotropic electron emission.
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Pdrift =Y I:)o ’

4 DISCUSSION with P,, the computed linear power load in a ficiee

For a given surface the forward scatteredphoton ~Fegion. I_—|ere fis a geometrical factassumed to b&/2,
reflectivity is slightly higher at 45 eV criticatnergy —accounting for the fadhat only thosescatteredphotons
than at 194 eV. This observation is in line with thevhich strike the top and bottofaces ofthe dipolebeam
increase othe reflectivity for low photon energies. Onscreen are effective iproducing photoelectrons while
the otherhandthe photoelectron yield seems imcrease photons hitting the inner wall of the beasereen are

slightly for increasing critical energy. againsuppressed byhe dipole field. The result ahis
_ The Cu co-laminated material exhibits Dboth the |inear scaling,based onthe data of Table 1 for 45 eV

highest forward scattering photon reflection and .itical energy and [5], is summarised in Table 2.

photoelectron yield, Y*Ex-situair baking of thissurface Table 2. Heat loads fodifferent beam screen and

reducessignificantly the reflection coefficientbut has a -
lessereffect onthe photoelectron yield. This air baking vacuum chamber surfaces,#4.5 W/m and k=20 W/m
e taken from [5].

has been proposed as a convenient method to form a th

oxide layer which lowers the secondary electron coefficient 45ev  |_P(Wim)
[8]. As expectedthe forward scattering photomeflection |Pm:4.5 P=20
and photoelectron yield of the sawtoothamber isvery | Surface Status R Y* |Dipole | Drift
small, demonstrating that a geometricalution of the @) | (e/ph) space)
beam screen shape to thlectron-cloudand beaminduced Cu asreceivedl 809 | 0.114] 0.208 2.28
multipacting is attractive. co-lam. | airbaked | 21.7 | 0.096] 0.047 1.92
Cu elect. ] as-received] 5.0[ 0.084] 0.009] 1.68
IMPLICATIONS FOR THE LH
S ¢ ONS FO C Cu as-received] 1.8 0.053] 0.002[ 1.06
The primary motivation for this study was &xplore Jsawtooth] 1560C, 9h | 1.3 | 0.053] 0.002 1.04
the parameters affectinthe electron cloudinduced heat 150°C, 24h] 1.3 | 0.040 0.001 0.8¢

load which can be improved by an optimised design of the The as-receivedsawtooth solution for the beastreen
vacuum chamber or beam screen. A preliminary estimagea very attractive option since it minimises the Head

of the heatoad andthus of therequiredcooling capacity  corresponding t@bout80 % of the allocated cryogenic
of the cryogenic system at the 20 K level has been givefdminal heatload budgetdue to the photoelectrons
in [2] as 0.2 W/m whensecondaryelectronswere not (21.4 Wycell). A different geometrical structure, but so far
taken into account. More recently, improved computeiot investigated, consists of longitudinal grooves along
simulations whichinclude secondanelectronsand the the strip where the photons strike the wall for fuepose
magnetic dipole field have beemrported in[4, 5]. To of shadowing the top and bottom faces of the bsemen
apply the resultpresented here to drift spacamddipole  from reflected photons and hence reducing f. Less
magnets in the LHC, it isecessary tdakeinto account attractive, and rather difficult in theold arcs ofLHC, are
the observedstrong suppression of photoelectrons in thgo|utions which necessitaite-situ bakeout.

horizontal plane of a dipole magretdthe contribution

of reflected photons, which strike top and bottéaoes of 6 ACKNOWLEDGMENTS
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