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Abstract to increase the critical yield during the conditioning period,

ibly more effective in terms of beam stability control
A f photoel | loR2SSIP : ns of beam ¢ :
n adequate dose of photoelectrons, accelerated by 0|s to have satellite bunches with an intensity of 15-20% of

intensity proton bunches and hitting the LHC beam scree : ) . .
wall, will substantially reduce secondary emission anﬁe nominal bunch intensity and a spacing of 5 ns (two RF

avoid the fast build-up of an electron cloud for the nomma\fvavelengths). Such satellites behave as clearing bunches

LHC beam. The conditioning period of the liner surfaceﬁ]r;? l;ir::%/ earsrli(\)/\(/avssig:)ps;ljrz:cljer(:i[lggvti)tef?;i t:oerrneZXtonnodr?-
can be considerably shortened thanks to secondary elec-" . : ’ . y b
critical yield can be increased to almost a value of two.

trons, provided heat load and beam stability can be ke';')}g_l_ h esti ¢ the mini . ired
under control; for example this may be possible usingj&) 0 get a rough estimate of the minimum time require

special proton beam, including satellite bunches with rjurffazcoeocor\}s/ltlonmb let gt; ass_uhme al_maX|mgm heat
intensity of 15-20% of the nominal bunch intensity and pad o mW/m, compatible with cooling, and an av-

spacing of one or two RF wavelengths. Based on recefit?9¢ electron energy around 200 eV. This is consistent
measurements of secondary electron emission, on muIYY—'th simulation results discussed in Section 4 for a nominal
pacting tests and simulation results, we discuss possidTé_'C proton beam with satellite bunches. The correspond-

‘beam scrubbing’ scenarios in the LHC and present an uﬂjg Ilnel?r fllfx ciflele(':trons bombar?mgthgscreen surfaﬁe IS
date of electron cloud effects. 6 x 10°°s~"'m~". Since a meter of LHC beam screen has

a surface ofl.25 x 105/mm2, the electron dose accumu-

;200 MW/m m —19,7 ~

1 INTRODUCTION AND SUMMARY ~ 'ated Perhouris®; ey ™ rasagrmme 1.6 10770 =
8 x 107? mmes and the beam scrubbing time required

An effective solution to reduce the heat load due to elege accumulate the required electron dose of 1 mClrisn
tron cloud build-up in the LHC dipoles is a beam screeabout 35 hours.
with ribbed surfackand reduced reflectivity [1], provided

the maximum secondary electron yieig ., can be kept
below a critical value that for nominal LHC parameters is 2 MEASUREMENTS OF SECONDARY

about 1.3. For example a 10% reflectivity gives an accept- ELECTRON YIELD

able heat load of about 200 mW/m f@f., = 1.2, assum- . .

. . .. The secondary electron yielikgy of metals is depend-

ing a photoelectron yield,. ~ 0.2 and a characteristic . . .
ing drastically on the composition and the roughness of the

energy of 5 eV for the secondary electrons. However for a

A . ) .. surface. It is therefore very important to measure the real
maximum secondary yield,.., = 1.8, i.e. above the crit- : . .
518EY of technical materials used in accelerators such as the

ical value, the heat load remains around 5 W/m inspite 0 . .
. copper colaminated on stainless steel, the proposed mate-
the lower reflectivity.

Secondary emission can be reduced by special coati ”%I for the LHC beam screen. Thigy of a copper sur-

or by an adequate electron dose. As discussed in the force can be modified by surface treatments like titanium ni-
Iowir): WO seqctions an electron d.ose of 1 mC/Arigsuf- Yride deposition [3], air oxidation [4] or by in situ electron
owing ' : . bombardment. This latter effect was first reported by M.
ficient to lower the maximum secondary yield below th

- ) . q_avarecet alin Ref. [5]. Further investigation carried out
critical value of 1.3. Therefore ‘beam scrubbing’ scenar- . . .
) - ; : at CERN have shown that this effect also exists for stainless
ios are under study to condition the liner surface in the - . .

Steel, aluminium and copper. Figurel shows the variation

shortest possible time, while keeping the heat depositio : .

o . dsey as a function of the primary electron energy, for a
within acceptable bounds. For example the nominal bunc . .
. . 11 sample of copper colaminated on stainless steel, before and
intensity of 10'* protons can be reduced by a factor 4 or .

. ; __after electron bombardment. This bombardment was made
the nominal bunch spacing of 25 ns can be doubled; ||rr1] an unbaked vacuum svstem at a pressui@of Pa. us
both cases the heat load fér.. = 1.8 becomes about . y P ’

400 mW/m at 7 TeV and can be further reduced by sto ing 500 eV electrons and corresponded to an electron dose

ing the ramp at an intermediate energy. Another soluti 1915 % 10% C/mn. The maximum yield, decreased
ping b gy %om 2.2 at an electron energy of 300 eV in the initial stage

* Email: Noel.Hilleret@cern.ch to 1.2 for an electron energy of 450 eV after this bombard-
1The corresponding low-frequency inductive impedance, estimateshent. The variation ofsgy during the bombardment un-

by M. D'Yachkov to a few nf2, is very small compared to the LHC . ; . ; ; ;
impedance budget of some 25@m The high frequency behaviour of der similar experimental conditions is shown in Fig. 2. The

the impedance and the parasitic losses for a periodic ribbed (or slottedield measured at the bombardment energy (respectively
surface, especially in connection with a possible surface wave, are he-

ing investigated by A. Mostacci; according to preliminary estimates they 2This estimate, independent of reflectivity and photoelectron yield, has
should be negligible. been suggested by C. Benvenuti.

0-7803-5573-3/99/$10.00@1999 | EEE. 2629


https://core.ac.uk/display/25258808?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

500 eV and 100 eV) is plotted as a function of the dose rexmplifier, driven by a pulse generator, is DC free and a bias
ceived by the sample. Below a doselof  C/mn?, §sgy  voltage has to be applied to the wires to shift the pulses by
does not change significantly and correponds to the ‘trube desired voltage; the power coming out from the cham-
yield’ of the surface. For higher doses it decreases towartier is then absorbed by a line load. Electrons close to
a stable value reached for a dose greater tiiari C/mn?.  the chamber wall are accelerated towards the center of the
The effect is similar for both primary energies of 100 eVchamber by the pulsed electric field. They may reach the
and 500 eV. Although not fully understood, this effect caropposite side of the chamber and produce secondary elec-
explain, at least partly, the efficiency of the well knowntrons if their energy is sufficient. Resonance conditions are
procedure of ‘RF conditioning’ in RF devices. Other eximet if the next pulse is present at that time, and as a result,
periments have shown that the alteration of the yield is Iadhe electron multiplication grows up exponentially. Multi-
calised to the electron impact region and is permanent upacting build-up is recorded by a positively biased electron
der vacuum. Part of thé&sgy reduction remains after an pick-up, consisting of a round button probe with 1 cm di-
air exposure and the colour of the copper surface is slightbmeter. Evidence of multipacting instability in the cham-
changed at the location of the beam impact. More inveder is given by a fast pressure increase, while a negative
tigations are underway to elucidate the origin of this vergurrent is recorded at the pick-up. In addition a complete

useful effect. suppression of the electron multiplication may be obtained
by applying a solenoidal magnetic field with an intensity of
260 [TITTTTIIIIITT] onlygfew gauss. Fore_xfixe_d pglse amplitud_e of 1_40Vand
2 ol et - SEY before bombardement || a perloq of 20 ns, multipacting is obseryeq ina wmdpw qf
> 5 - SEY after bombardement pulse widths between 7 and 16 ns. A similar behaviour is
g 180 K measured for the same pulse amplitude and a fixed width of
%a ~ 10 ns, in a window of pulse periods between 17 and 22 ns.
1.40
§ [Stesee 250 after baking before conditioning
S 100 «b&‘ [y _— s 5
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Figure 1: Variation offsgy as a function of the primary & 100
(=}

electron energy, for a sample of copper colaminated on 5 7
stainless steel, before and after bombardment with 500 eV3 |

. - 25 - ditioni fter bake- 300°C
electrons, corresponding to a dos&of 10~3 C/mn?. . ¢ condiioning after bekerout

0.0E+00 5.0E-05 1.0E-04 1.5E-04 2.0E-04 2.5E-04
electron dose (Clmmz)

before conditioning @ conditioning

2,60 Figure 3: Minimum pulse amplitude required for multi-
o 240 ! pacting as a function of the integrated electron dose: before
g 22 '\‘\A\\ 0 — bake-out (lower curve) or after bake-out3an°.
§ 2.00
g 180 — \\ Consistently with the results discussed in the previous
z 1 H‘-\ N section, a multipacting intensity decreasing exponentially
| 1‘2‘2 N with time has been monitored by measuring the minimum
& 1j00 \-\FL\- pulse amplitude needed to trigger the electron multiplica-
0.80 ‘ ‘ tion (see Fig. 3). Surface conditioning due to electron bom-
1.00E-07  1.00E-06 1.00E-05 1.00E-04 1.00E-03  1.00E-02 bardment results in a reduction of the secondary emission

Dose (coulomb/mm?)

yield, and the pulse amplitude has to be increased to sup-
Figure 2: Secondary electron yield measured at the borply the electrons with sufficient energy to have an aver-
bardment energy (respectively 500 eV and 100 eV) asgye sy > 1 at the wall. After baking the cavity, the
function of the dose received by the sample. minimum pulse amplitude required for multipacting is in-
creased by 50%. In addition, the same cleaning effect is
achieved with one order of magnitude less electron dose.
3 MULTIPACTING TESTS The latter is estimated by integrating the. current measqred
by the electron pick-up during multipacting and normalis-
We have investigated beam-induced multipacting by meairsg the accumulated electric charge by the pick-up surface.
of a travelling-wave coaxial multi-wire chamber, the elec- An energy spectrum analyzer has been used to mea-
tric field produced by a bunched proton beam being simwsure the energy distribution of the electrons hitting the wall
lated by short square RF pulses applied to six equispaceflithe chamber during multipacting. Such distribution is
wires parallel to the axis of a 1.4 m long stainless steel vapeaked around a single energy value and has a typical width
uum chamber with 100 mm diameter. The output from thef 10 eV. Figure 4 shows the linear dependence of the en-
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10

ergy peak from 40 to 85 eV on the pulse amplitude from = =
80 to 200V, then for higher electric fields the electrons are i —- SEYmax=18 [
slightly decelerated before they reach the opposite side ofg . :ggmzijj E
the chamber, due to the electric field configuration. = AW ' " | —+—SEYmax=12 [
T oy / / —e— SEYmax=1.0 ||
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Figure 4. Peak of the energy distribution for the electrons
hitting the wall during multipacting as a function of the
pulse amplitude: experimental data (triangles) are in rela-~ 0!
tively good agreement with simulation results (circles).
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4 SIMULATION RESULTS Figure 5: Heat load versus bunch population for differ-

The simulation results shown in Fig. 5 refer to the LHCer.]t values 0bmax af‘d 10% reflectiv_ity: without (top) an_d
. . with (bottom) satellite bunches having 20% of the nominal
dipole beam screen and have been performed assuminga .o and a spacing of 5 ns
photoelectron yield.,. ~ 0.2 and a surface reflectivity of y P 9 ’
10%°. The maximum secondary electron yield corresponds -
to a primary electron energy of 300 eV and secondary elec- | :
trons have a Gaussian energy distribution with 5 eV r.m.s. i e ning Refecied tcons ’7
value and cut-off at 5 sigma. There are 50 slices per bunch °
and again 50 slices for each inter-bunch gap.
With nominal LHC bunch intensity and spacing, but with
satellite bunches at a distance of 2 RF buckets, the heat 2 2 Y y
load ford,.. = 1.8 is 180 mW/m and the estimated scrub- 1 N \ ’
bing time is 43 hours. As shown in Fig. 6 there is a win- 0 ‘ ‘f—\lty::qw/——‘r”’f ‘ |
dow around 15-20% for the relative intensity of satellite 0 5 Int190nsity doe 522 e B ch (‘,2%0) N
bunches, where the heat load is significantly reduced; the . , )
corresponding critical value of,.. is large (above 1.8). Figure 6: Hegt load vs relative intensity of satellite
This effect is less pronounced for satellites at a distané@mChes’ f_ollowm_g npmmal LHC bunches at 2 RF wave-
of only one RF wavelength. For lower intensities of thdSngths, with (solid line) or without (dashed line) elastic
satellite bunches, the effect of space charge repulsion is I%lgactron reflectpq as described in Ref. [2], with.x = 1.6
duced and the heat load increases. For a reduced reflecﬁ\p—d 10% reflectivity.
ity of 2% and a photoelectron yield of 0.1, the heat load
becomes only 15 mW/m and the corresponding scrubbing
time increases to about 45 days. This is the same time esti-
mated by taking into account only photoelectrons. 3]

Heat Load (W/m)
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