Lawrence Berkeley National Laboratory
LBL Publications

Title
Synchrotron Radiation and Beam Tube Vacuum in a Very Large Hadron Collider,
Stage 1 and Stage 2 VLHC

Permalink
https://escholarship.org/uc/item/4xf9b94d

Authors
Pivi, M
Turner, W C
Bauer, P

Publication Date
2001-06-01

Copyright Information
This work is made available under the terms of a Creative Commons Attribution
License, available at bttgs://creativecommons.orq/licenses/bv/4.0,|

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4xf9b94c
https://escholarship.org/uc/item/4xf9b94c#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

~

A
f(recese Im

BERKELEY Lag

LBNL-48683

ERNEST ORLANDO LAWRENCE
BERKELEY NATIONAL LABORATORY

Synchrotron Radiation and Beam
Tube Vacuum in a Very Large Hadron
Collider, Stage 1 and Stage 2 VLHC

M. Pivi, W.C. Turner, P. Bauer, and P. Limon

Accelerator and Fusion
Research Division

June 2001

Presented at the

Particle Accelerator
Coriferénce 2001,
Chlcago IL,

- :..;‘.‘..;:u"“ o~ _A* 2
SITEETE Ry, %,*;?,'3»’\ g V:-er';'? ,.,s,rﬁ{y\‘!" o1

AdOJ 3ON3IY3IIY |

ION sa0g

o93e{nNdu L)

|
I
|

T Ado)

€898%-ING1



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBNL-48683

Synchrotron Radiation and Beam Tube Vacuum in a Very
Large Hadron Collider, Stage 1 and Stage 2 VLHC

M. Pivi,! W.C. Turner,! P. Bauer,2 and P. Limon?

1 Accelerator and Fusion Research Division
Ernest Orlando Lawrence Berkeley National Laboratory
University of California
Berkeley, California 94720

2Fermi National Accelerator Laboratory
Batavia, Illinois 60510

June 2001

This work was supported by the Director, Office of Science, Office of Basic Energy Sciences, of the U.S.
Department of Energy under Contract No. DE-AC03-76SF00098.



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, finally 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 radiatidn, 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.

1 INTRODUCTION

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 self-consistent calculation is performed
assuming that the beam lifetime depends on the beam tube
vacuum gas pressure and on the pp collision 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
are shown in Tables 1. In Table 1, T, represents the
proton lifetime determined by pp collisions at two IPs at
the design luminosity, with the p-p total cross section
assumed to be 0,,=137 mb at 40 TeV c.m. and G,,=178 mb
at 175 TeVcm.

2 VACUUM SYSTEM FOR THE STAGE 1
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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 slots.

We assume lumped ion pumps, with pumping speed
S=30 I/s, are connected to the pumping antechamber at an
axial interval of L=22.5meters. The effective cylindrical
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

pumping speed for CH, is then Sy~2.2 I/s-m [2].
We will define the beam-gas scattering lifetime to be .

. negligible when t,>5 7_, with 1, = 1,/2 = 46.5 hrs. Once

T, = 5 % =232 hrs is 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
réach 1, >5 1.’

Table 1.VLHC parameters for the low field Stage 1, the
" high field Stage 2, and related synchrotron

radiation paraméters.
Parameter Symbol | Stagel | Stage2
Beam energy E, TevV 20 87.5
Dipole field BT 2 9.7
Circumference C, km 233 | 233
Bunch population N, 2.5x10'° | 7.5x10°
Total beam current I, mA 190 574
Luminosity Loem?s | 1x10* 2x10%

1

Beam pipe semi-axis | a,b cm 09x1.4 | 1.0x1.5
Beam pipe temperat. T, °K ~294 ~100
IPppcollisionlifetime | 7,, hrs | = 93 11
Ceritical photon energy | E, eV 86 8030
Photon flux pis-m | 7.9x10° | 1.2x10'
SR power per meter P, Wm-| 0.033. 4.7




Table 2: Numerical bounds on beam tube pressure Stage

1, ambient room temperature equivalent pressure.

gas Fj [at 1,=57; ] P; [at 0.1W/m]
(nTorr) (nTorr)
H, ' 4 76.6
CH, 0.54 12.6
H,0 045 12.3
CO 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 Stage 1

The inverse powér dependence of the photodesorption
yield on the 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 calculations
in this paper the data given in Ref [3], obtained for in situ
baked Al at a critical photon energy of 86eV, are used. ‘

As a result, the required pumping speed decreases in
time as a function of the integrated beam current. This can
have implications for the frequency of NEG regeneration.
We will estimate the CO equivalent pumping speed
necessary to achieve the vacuum pressure indicated in
Table 2, within a reasonably short conditioning time.

We may define as “reasonably short” equivalent to a -

few tenths of a year of operation, e.g. 0.3, when the
machine is running at design beam intensity. An
‘operational year is typically taken to be ~ 10 sec.

From this, we estimate the CO equivalent pumping
speed needed to reach 1,=51; by 1*t=158 A-hrs.

A pumping speed S=32 I/s-m is required to reach a
beam-gas scattering lifetime of 1,=57, after an integrated
beam current I*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 a possible conditioning scenario,

for Stage 1 VLHC, where we increase the initially
injected beam current from 50 mA up to 190 m A
(nominal), in four steps. Our procedure is to inject the
beam, firstly with increased current, then with current at
nominal value, whenever the luminosity lifetime reaches
1,=46.5 hrs, corresponding 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 (_nomina]), in four steps.

The possible beam current program for our
conditioning scenario is plotted in Fi‘g. 1.

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

The total 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 largest 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 pressure in the possible conditioning scenario, Stagel.

3 VACUUM 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 slots 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 Stage
2, ambient room temperature equivalent pressure.

Pj [at T,=57,] Pj [at 0.1 W/m]

gas
(nTorr) (nTorr)
H, 42 50.3
CH, 7.8 ) 93
H,0 7.3 8.7
co s 6
CO, 3.2 3.8

From Table 3, we can see that the CO scattering
equivalent tube pressure should be less than 5 nTorr to
reach 7, >5 5. 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 slightly less than of power loss.
Nevertheless, the beam scattered power may be a concern
for Stage 2, and the heat load of 0.1 W/m will be the limit
considered in the present evaluation.

We estimate the CO equivalent plimping speed needed
to reach 1,=5t, after 1/3 of a year of operation, at

nominal beam conditions.

A pumping speed S=2.3 I/s-m is required to reach a
beam-gas scattering lifetime of 1,=51, after an integrated

beam current I*t=48 A-hrs for the Stage 2 VLHC. A

pumping speed 2.3 I/s-m then requires a slot area of 0.5
cm’/m, or equivalently the slots i)erforate 0.06% of the
wall area of the actual beam screen design [5].
Nevertheless, for the purpose of our calculations, we
consider a larger pumping speed, 60 I/s-m, resulting in a
faster conditioning. A pumping speed 60 I/s-m then

" requires a slots area of 14 cm’/m, or equivalently the slots

perforate 1.6% of the wall area; as a comparison, the

LHC holes area is 4.3% of the beam screen surface. -
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Figure 4. Beam current intensity possible scenario, during

the conditioning period in the VLHC, Stage 2, increasing

the current from 30 mA to 58 mA (nominal), to avoid

large beam scattered power.
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Figure 5. Beam-gas scattered power, and beam-gas
scattering proton losses. In Stage 2, the beam is injected
increasing the current in three steps to result in a beam
scattered 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 (nominal), to avoid a
beam scattered power deposition on the magnets cold
bore larger than 0.1 W/m. In the calculations for Stage 2,
the photodesorption data given in Ref [6], obtained for



baked OFHC copper at a critical photon energy of 3 keV,
are used. The possible beam current program for our
conditioning 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 protbn-
proton lifetime and the beam lifetime are shown as a
function of time during the conditioning.

The total beam tube vacuum gas pressure decreases as
the surface is progressively cleaned, and is shown in Fig.
7 as the CO equivalent pressure, with the equivalent CO
scattering pressure of each gas species.
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Figure 6. Beam lifetime, beam-gas scattering lifetime,
proton-proton scattering lifetime in the conditioning

scenario, Stage2.
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Figure 7. CO scattering equivalent partial pressures and
total pressure in the possible conditioning scenario, Stage2.
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