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Abstract

This paper describes experimental studies of the effect of a dipole field on the photoelectron emission

and on the photon reflectivities from LHC beam screen material. These studies were performed using

synchrotron radiation from the VEPP–2M storage ring at BINP (Novosibirsk). The particular surface

roughness and geometry of the prototype LHC beam screen material requires dedicated experimental

measurements. The experiments were performed under conditions close to those expected in the LHC.

An important result obtained is that a dipole magnetic field attenuates the photoelectron emission from

surface by more than two orders of magnitude with the magnetic field aligned parallel to the surface.

The measurements of photon reflectivities, forward scattered and diffuse, and the azimuthal

distribution of emitted photoelectrons from the same material are reported. These experimental results

are important input for the final design of the LHC beam screen.

1 INTRODUCTION

 The high flux of synchrotron radiation (SR) in the arc of the LHC, about 1017 photons/(s m),

causes photoelectron emission from the walls of the beam screen. The emitted low energy electrons are

accelerated in the field of the proton beam and may gain energies sufficient to create secondary

electrons on the subsequent interaction with the beam screen, resulting in the creation of an electron

cloud. The repeated recurrence of this process can result in beam–induced multipacting [1].

Theoretical simulations of the electron cloud in the LHC predict significant heat loads on the

cryogenic system and electron stimulated gas desorption [2], [3], [4]. Experimental data are required as

input to such simulations in order to estimate the influence of an electron cloud on the LHC operation.

A large portion of the LHC beam vacuum system is located inside the dipole magnets. Previous studies

have shown that the presence of the dipole field has a strong influence on the electron emission [5],

[6]. In addition the heat loads in the dipole field are predicted to be strongly dependent on the

azimuthal distribution of photons, determined by the photon reflectivity [2,3,4]. Experiments were

performed to investigate the influence of a dipole field on the electron emission of various samples
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with different surface roughness [7] and to measure both the photon reflectivities and the effect of a

dipole field from beam screen material with or without a saw–tooth surface structure [8]. These latter

experiments were performed with SR at grazing incidence in order to simulate closely the geometry in

the LHC. However, here the strength of the dipole field is significantly smaller than that in the LHC

(0.3T versus 8.3T) and that the experiment was performed at room temperature and not at cryogenic

temperatures. The saw–tooth structure has been proposed as an efficient method of reducing the

forward scattered photon reflection in the LHC and hence adsorbing most of the photons on the

equatorial plane of the beam screen.

The results on the influence of the dipole field on the photoelectron yield, performed with normal

incident photons, are presented in section 2. In section 3 the results of the photoelectron yield and

photon reflectivities from beam screen material with or without a saw–tooth surface structure,

performed with grazing incident photons, are presented. A brief discussion and conclusions are made

in section 4.

 

2 Experiments performed with normal incident photons

2.1 Set-up and sample preparation

The experimental set-up shown in Figure 1 was built on the beamline P2 of VEPP-2M to study

the dependence of the photoelectron emission for photons at normal incidence as a function of a

transverse dipole field (up to 0.6 T). The sample was mounted on a sample holder, electrically isolated

from the surrounding 46 mm diameter stainless steel chamber, and located in the centre of the

magnetic field. An all-metal valve was used to isolate the vacuum of the experimental chamber and

that of the beamline. The distance from the SR source to the collimator is about 11 m. The sample,

with vertical and horizontal dimensions of 44 mmu15 mm, respectively is mounted on the sample

holder with its surface perpendicular to the incident SR. The photon flux from VEPP–2M is collimated

resulting in a 35mmu10mm area of the sample to be illuminated, i.e. the edges of the sample are not

irradiated.

The increased vertical size of the photon beam and the sample was chosen to avoid attenuating

the lower energy part of the spectrum. The sample was connected via an ammeter to a voltage supply

(r300 V). Hence, the potential on the sample could be controlled whilst the electron current from, or

to, the sample could be measured. The magnetic field of 0 to 0.6 T was aligned approximately parallel

to the sample surface and in the vertical direction. The experimental chamber has a reduced cross-

section near the magnet centre to provide a stronger and more uniform magnetic field (see Figure 1).
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Figure 1: The layout of the installation.

Seven different samples were studied: a 316 series stainless steel, four made of copper co–

laminated stainless steel (the proposed material for the LHC beam screen), one machined from OFHC

copper and a stainless steel electroplated with gold. The samples were degreased and cleaned with

benzine and alcohol before installation.

Table 1: Definition and description of the samples studied.

Sample name Sample description

SS Stainless steel (316 series) sample made from a rolled sheet

Cu/SS-1 Copper co–laminated stainless steel with the rolling direction perpendicular to the

magnetic field.

Cu/SS-2 Copper co–laminated stainless steel with the rolling direction parallel to the

magnetic field.

Cu/SS-3 Copper co–laminated stainless steel baked in air at 300• C for 5 mins. with the

rolling direction parallel to the magnetic field.

Cu/SS-4 Copper co–laminated stainless steel made with turned-in, long edges, i.e. 5 mm

wide strips at the long edges were turned to 10–15q towards the SR with the rolling

direction parallel to the magnetic field.

OFHC OFHC copper machined with longitudinal grooves aligned parallel to the magnetic

field. The grooves are 1 mm deep and 3 mm wide with a pitch of 3.2 mm.

Au/SS Stainless steel electroplated with 6-µm of gold
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2.2 Results

In all experiments, the photoelectron yield was a measured parameter. It was estimated as a

ratio of the measured output current Imes (i.e. electron flux from or to the sample) to photon flux *� .

Neither the effect of the beamline collimation nor the sample workfunction is taken into account in the

estimation of the photoelectron yield, contrary to that in other studies [5].

*�
 

�e
mesI

photonelectrons ]/[N ,

where e is the electron charge.

The photoelectron yield was studied as a function of the different parameters:

1. Potential on the sample (or bias) from –300 V to +300 V at fixed dipole field between 0 and  0.6 T;

2. Magnetic field from 0 up to 0.6 T at a fixed potential between 0 and –300 V.

3. Accumulated photon dose.

Table 2: Measured photoelectron yields, NN�� of the various samples. The photon spectrum critical
energy at which the measurements were made is also indicated.

Dipole field efficiency:

� � � �T0T60 NN .Sample Critical Energy

Ec (eV)

Measurements with

B = 0 T and U = –300 V:

N (e–/J) U = 0 U = -300V

SS 259 0.016 0.023 0.028

Cu/SS-1 253 0.015 0.010 0.029

Cu/SS-2 194 0.014 0.021 0.030

Cu/SS-3 112 0.014 0.018 0.015

Cu/SS-4 20 0.014 0.020 0.060

Cu/SS-4 319 0.018 0.010 0.080

OFHC 102 0.008 0.024 0.013

Au/SS 356 0.027 0.028 0.042

In general, the photoelectron yield was found to increase rapidly for increasing negative bias,

corresponding to electrons leaving the sample, and saturates for a bias greater that 100V. It decreases

rapidly with the dipole field when the magnetic field changes from 0 to about 0.1 to 0.2 T, then

decreases slowly, and is practically constant between 0.4 and 0.6 T. Since this suppression at low

fields can be attributed to electrons being constrained to move along the field lines and hence return to

the strip from which they were emitted it is therefore thought unlikely that the yield will change for
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higher magnetic fields. The dependence of the photoelectron emission on the photon dose was found in

comparing the data without the magnetic field at the beginning of the measurements. After a dose of

1022 photons the photoelectron emission yield reduces by about a factor of 2. The main results are

shown in Table 2.

3 Experiments performed with grazing incident photons

3.1 Set-up and sample preparation

The experimental set-up (shown in Figure 2), installed at the end of a second, short SR beam line,

was located at a distance of about 1 m from the SR source point where the effect of the vertical

collimation on the photon flux is negligible. Here the dimensions of the SR beam is defined by a set of

horizontal (Ch) and vertical (Cv) collimators, 2 mm and 10 mm respectively, on entering the

experimental system. The photon flux, through the collimators, was typically 1016 photons/s.

 

Figure 2: Set-up for measurements of the photon reflectivity and azimuthal photoelectron
distribution in a magnetic field.

3.2 Results

The position of the photon beam with respect to the experimental system could be checked with

two luminescent screens, (LD1) and (LD2). At the exit of the test system, a calorimeter (CAL) was

installed to monitor the SR. This calorimeter was designed in such a way that it could either measure
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the total SR power or the total photon flux derived from the photoelectron current produced on the

calorimeter. For the latter measurement the calorimeter was electrically biased with respect to the test

chamber. A section of a prototype LHC beam screen, 34 cm in length, was cut into four strips: two

rounded and two flat (see Figure 3). In a following experiment strip 1 was replaced with a flat strip of

beam screen material with a saw–tooth structure on its surface. A dipole magnet with a field of up to

0.3 T was installed along the whole length of the vacuum chamber containing the strips. Strips 2 and 4

were perpendicular to magnetic field. The rounded strip 3 was opposite to strip 1. The whole

experimental system could be positioned either aligned straight or inclined at a given grazing angle

with respect to the axis of the photon beam. In the straight position, the SR beam traversed the test

system and was incident on the end calorimeter, while in the inclined position, the photon beam was

incident at an angle of about 10 mrad along strip 1 only reflected photons are able to reach the

calorimeter.

Figure 3: ample configuration for experiments of the photon reflectivity and azimuthal
photoelectron distribution in a magnetic field.

During a typical measurement, the SR beam was incident on strip 1. The remaining strips received

only reflected photons. Applying a negative bias in turn to each of the four strips while maintaining all

others at the common ground potential, the photoelectron current produced by photons on the

corresponding strip was measured. Assuming that the average photoelectric yield for the direct

incident photons and for the reflected photons are not too different, it is possible to derive from the

measured azimuthal distribution of the photoelectron signal the azimuthal distribution of the photons.

The measurements were performed for a bias voltage from 0 to 290 V and with the magnetic field of

B = 0 to 0.3 T.

A

Strip 2

Strip 4

A

Strip 1

Strip 3
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Forward scattered reflection is defined as a ratio of measured values on the calorimeter, by current

or power, in the two positions:

./

;/

dirrefW

dirrefe

WWR

IIR
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The yield is defined per adsorbed photon as:
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where the currents Ii from strips were measured at a bias of –300 V.

The main results are shown in Table 3. The adsorbed photon flux is that which is not reflected and

Rdif/(R1+Rdif) gives and indication of the importance of the diffusely reflected SR, with respect to the

direct irradiation, as a source of electrons in the vacuum chamber.

Table 3: A summary of the measured reflectivities and photoelectron yields per absorbed
photon. The critical energy at which the measurements were made is also indicated.

Forward Scattered
Reflection

Sample

Critical

Energy

Ec (eV)
Re (by

current)

RW (by

power)

Diffuse

Reflectivity

Rdif

Photon

Adsorption

R1 dif1

dif

RR

R

�

Y

(electron/

photon)

Smooth

surface

20 0.67 — 0.04 0.29 0.13 0.03

49 0.035 — 0.22 0.74 0.23 0.049Saw–tooth

surface 246 0.026 0.03 0.185 0.79 0.19 0.063

The photoelectron current on strip 1 is attenuated by a factor of about 200 for the strip without

saw–tooth in the dipole field above 0.2 T and about a factor of 5 for the strip with saw–tooth. The

dipole field does not affect the photoelectron current from strips 2 and 4, top and bottom.
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4 Discussion and Conclusions

The experiments with SR at normal incidence show that the different materials with the different

surfaces have about the same photoelectron yield. It is found that the photoelectron current as a

function of dipole field is attenuated by a factor of 30 to 50 reaching a saturation value at 0.4 T.

The experiments performed at grazing incidence in a dipole field demonstrate that the electrons

are constrained to move along the field lines, resulting in electrons emitted from strip 1 and strip 3 to

return to the same strip from which they were created. In the case of the LHC these electrons interact

weakly with the proton beam, gaining insufficient energy to cause multipacting or contribute a

significant heat load [9]. On the other hand, photoelectrons from strips 2 and 4 (top and bottom) are

not attenuated by the presence of the dipole field and thus they interact with the proton beam and

contribute to the electron cloud.

The results presented here are important input to predict the behaviour of the electron cloud in the

dipole fields of the LHC and to estimate electron stimulated gas desorption. The forward scattered

reflectivity, as measured by the deposited power and by the photon flux, show significantly different

results for the smooth surface and for the saw–tooth surface. With respect to the electron-cloud effect

in the LHC a low reflectivity is desirable since it will limit the photoelectron production to the region

of the primary impact of the photons in the equitorial plane where electrons are efficiently attenuated

by the strong vertical dipole field [10]. From this point of view, the saw–tooth surface is attractive for

the beam screen of the LHC.
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