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SYNCHROTRON RADIATION AND BEAM TUBE VACUUM IN A VERY
LARGE HADRON COLLIDER, STAGE 1 AND STAGE 2 VLHC"

M. Pivi’, W.C. Turner, LBNL, Berkeley, CA 94720, USA
P Bauer and P, Limon, FNAL, Batavia, IL 60510 USA

Abstract

Synchrotron radiation induced photodesorption in
particle accelerators may lead to pressure rise and to
beam-gas scattering losses, finaly affecting the beam
lifetime [1]. We discuss the beam tube vacuum in the low
field Stage 1 and Stage 2 Very Large Hadron Collider
VLHC. Since VLHC Stage 1 has a room temperature
beam tube, a non-evaporable getter (NEG St101 strip)
pumping system located inside a pumping antechamber,
supplemented by lumped ion pumps for pumping methane
is considered. In Stage 2, the ~100°K beam screen, or
liner, illuminated by the synchrotron radiation, is inserted
into the magnet cold bore. Cryo-pumping is provided by
the cold bore kept at 4.2°K, through slots covering the
beam screen surface. Possible beam  conditioning
scenarios are presented for reaching design intensity, both
for Stage 1 and 2. The most important results are
summarized in this paper.

1INTRODUCTION

In the present report the required pumping speed, a
possible beam current conditioning scenario, and the
beam-gas scattering lifetime are discussed for Stage 1 and
Stage 2 VLHC. A sdf-consistent calculation is performed
assuming that the beam lifetime depends on the beam tube
vacuum gas pressure and on the pp collison rate at two
interaction points (IPs). The vacuum tube pressure, and
therefore the beam-gas scattering lifetime, is a function of
the beam intensity. The parameters necessary for
evaluating the beam tube vacuum in the two VLHC stages
areshownin Tables 1. In Table 1, T, represents the proton
lifetime determined by pp collisions a two IPs at the
design luminosity, with the p-p total cross section
assumed to be 6, =137 mb a 40 TeV c.m. and 6,=178 mb
at 175 TeV.cm.

2 VACUUM SYSTEM FOR THE STAGE 1
VLHC

In the low field Stage 1 VLHC, we will consider a
distributed NEG strip plus lumped ion or cryo pump
system for pumping methane, in a pumping antechamber
connected to the beam tube with long dots.

We assume lumped ion pumps, with pumping speed
S=301/s, are connected to the pumping antechamber at an
axia interval of L=22.5meters. The effective cylindrica
diameter of the antechamber is 8.3cm. The pumping speed
of the lumped ion pumps will be conductance limited by
the beam tube and the antechamber, and the effective
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pumping speed for CH, isthen S,~2.21/sm[2].

We will define the beam-gas scattering lifetime to be
negligible when 1>51 , with T, =1,/2 = 46.5 hrs. Once
T, = 51, =232 hrsis fixed, we estimate the average beam
tube gas pressure for each gas species taken separately,
with the results given in the second column of Table 2.
From Table 2, we can see that the CO scattering
equivalent tube pressure should be less than 0.33 nTorr to
reacht,>57,.

Table 1.VLHC parametersfor thelowfidd Sage 1, the

high field Sage 2, and related synchrotron
radiation parameters.

Par ameter Symbol | Stagel | Stage2
Beam energy E, Tev 20 87.5
Dipolefidd BT 2 9.7
Circumference C, km 233 233
Bunch population N, 2510 | 7.5x10°
Total beam current I, MA 190 57.4
Luminosity L,cm’s' | 1x10* 2x10*
Beam pipe semi-axis | ab cm | 0.9x1.4 | 1.0x1.5
Beampipetemperat. | T,°K ~294 ~100
IPppcollisonlifetime | 7, hrs 93 11
Critical photon energy | E, eV 86 8030
Photon flux [ psm | 7.9x10° | 1.2x10°
SR power per meter P, Wim 0.033 4.7

Table 2: Numerical bounds on beam tube pressure Sage
1, ambient room temperature equivalent pressure.

gas Pj [at T,=51,] Pj [at 0.1W/m]|
(nTorr) (nTorr)
H, 4 76.6
CH, 0.54 12.6
H,0 0.45 12.3
(6(0) 0.33 8
CO, 0.2 5

We estimate the beam tube pressure that would result in a
scattered beam power of 0.1 W/m, results for each gas
species are given in the third column of Table 2, where we
can see that the pressure limiting factor is given by beam-
gas scattering particle loss rather than the power loss.

2.1 Photodesorption in Sage 1

The inverse power dependence of the photodesorption
yield onthe photon dose implies the so called conditioning
effect, or the decreasing photodesorption yield due to the
removal of gas molecules from the near surface oxide
layer with continued exposure to photons. The
photodesorption coefficients are key parameters for the



beam tube vacuum in a storage ring. For the clculations
in this paper the data given in Ref [3], obtained for in situ
baked Al at acritical phaon energy of 86eV, are used.

As aresult, the required pumping speed decreases in
time asafunction of the integrated beam current. This can
have impli cations for the frequency of NEG regeneration.
We will estimate the CO equivalent pumping speed
necessary to achieve the vaauum presaure indicated in
Table 2, within a reasonably short conditioning time.

We may define & “reasonably short” equivalent to a
few tenths of a yea of operation, e.g. 0.3, when the
machine is runnng at design beam intensity. An
operational yea istypicaly taken to be ~ 10’ sec.

From this, we etimate the CO equivaent pumping
speed needed to reach 1,=5t1, by I*t=158 A-hrs.

A pumping speed S=32 I/sm is required to reach a
beam-gas <cattering lifetime of 1,=5t, after an integrated
beam current 1*t=158 A-hrs for the Stage 2 VLHC.

2.2 Conditioning Scenario for Stage 1

The conditioning effect will improve the beam lifetime
which is itself then a function of the integrated beam
current. We present here aposshble conditioning scenario,
for Stage 1 VLHC, where we increase the initialy
injeded beam current from 50 mMA up to 190 mA
(nominad), in four steps. Our procedure is to inject the
beam, firstly with increased current, then with current at
nominal value, whenever the luminaosity lifetime reaches
1,=46.5 hrs, correspondng to the design parameter value.
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Figure 1. Beam current intensity possible scenario, during
the conditioning period in the VLHC, Stage 1, increasing
the current from 50mA to 190mA (nomind), in four steps.

The possible beam current program for
conditioning scenario isplotted in Fig. 1.

The beam lifetime 1, is related to the vacuum pressure
and to the pp collision rate at the interaction point, and is
defined as 1/1,=V/1, +1/T,. In Fig. 2 the beam lifetime is
shown as a function of time, for our conditioning
scenario. The luminosity lifetimeisthen given by 1,=1,/2.

The totd beam tube vacuum gas pressure decreases as
the surface is progressively cleaned, and is shown in Fig.
3 as the CO scattering equivalent pressure. We can see
from Fig. 3 that CH, is the gas having the largex CO
scattering equivalent pressure.
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Figure 2. Beam lifetime, beam-gas scattering lifetime,
proton-proton scattering lifetime in the conditioning
scenario, Stagel.
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Figure 3. CO scattering equivalent partial pressures and
total pressureinthepossible conditioning scenario, Stagel.

3VACUUM SYSTEM FOR THE STAGE 2
VLHC

A beam screen design has been proposed for Stage 2
VLHC, inserted in the magnet cold bore providing cryo-
pumping through dots in the beam screen surface. The
synchrotron radiation power deposited on the beam screen
in the Stage 2 VLHC, 4.7 W/m, requires a cooling system
and possibly the use of room-temperature photon-stops, to
intercept most of the synchrotron radiation power [4].

Table 3: Numerical bounds on beam tube pressure Sage
2, ambient room temperature equivalent pressure.

gas ﬁj [at T,=51,] P, [at 0.1W/m
(nTorr) (nTorr)
H, 42 50.3
CH, 7.8 9.3
H,0 7.3 8.7
CO 5 6
CO, 32 38

From Table 3, we can see that the CO scattering
equivaent tube pressure should be less than 5 nTorr to
reach T, >5 T1,. The beam tube pressure that would result in
a scattered beam power of 0.1 W/m, corresponding to a
typical limit for the global capacity of a cryogenic
refrigeration plant, is given in the third column of Table 3,
where we can see that the pressure bounds of beam-gas
scattering particle loss are dightly less than of power |oss.



Nevertheless the beam scattered power may be a @ncern
for Stage 2, and the heat load of 0.1 W/m will be the limit
considered in the present evaluation.

We egtimate the CO equivalent pumping speed needed
to reach 1,=5t1, after 1/3 of a year of operation, a nominal
beam conditions.

A pumping speed S=2.3 I/ssm is required to reach a
beam-gas <cattering lifetime of 1,=5t, after an integrated
beam current 1*t=48 A-hrs for the Stage 2 VLHC. A
pumping speed 2.3 I/sm then requires a dot area of 0.5
cnf/m, or equivalently the slots perforate 0.06% of the
wall area of the atual beam screen design [5].
Neverthdess for the purpose of our caculaions, we
consider a larger pumping speed, 60 I/s-m, resulting in a
faster condtioning. A pumping speed 60 I/ssm then
requiresadotsareaof 14cm/m, or equivalently the slots
perforate 1.6% of the wall area; as a comparison, the
LHC holes areaiis 4.3% of the beam screen surface.
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Figure 4. Beam current intensity possble scenario, during
the conditioning period in the VLHC, Stage 2, increasing
the current from 30 mA to 58 mA (nomind), to avoid
large beam scattered power.
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Figure 5. Beam-gas <attered power, and beam-gas

scatering proton losss. In Stage 2, the beam is injected

increasing the current in three steps to result in a beam

scatered power < 0.1 W/m.

3.1 Conditioning Scenario for Stage 2

Our procedure is to inject the beam with increasing
current from 30 mA up to 58 mA (nomina), to avoid a
beam scattered power depostion on the magnets cold
bore larger than 0.1 W/m. In the alculations for Stage 2,
the photodesorption cata given in Ref [6], obtained for
baked OFHC copper at a aitica photon energy of 3 keV,

are used. The posshle beam current program for our
condtioning scenario, and the related beam-gas scattered
power are plotted in Fig. 4 and Fig. 5 respectively.

In Fig. 6 the beam-gas scattering lifetime, the proton-
proton lifetime and the beam lifetime ae shown as a
function of time during the conditioning.

The totd beam tube vacuum gas presaure deaeases as
the surface is progressvely cleaned, and is siown in Fig.
7 as the CO equivalent presaure, with the equivalent CO
scattering presaure of each gas species.
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Figure 6. Beam lifetime, beam-gas <attering lifetime,
proton-proton scattering lifetime in the conditioning
scenario, Stage2.
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Figure 7. CO scattering equivalent partial presaures and

total presaureinthepossble mndtioning scenario, Stage2.
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