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l. Background of Workshop 4 Pressurerise i} ISR beam intensity
. \ and pressure rise

1. CERN ISR intensity was limited 0. Grobner and R.S. Calder

by pressure rise

e Beam gas ionization generated
ions were pushed to the wall,
causing pressure rise.

e Pressure rise caused more /
ionization - pressure run-away. L

Beam
intensity

A

e Chamber baking and treatment, _ , : S s
added lots of pumps. Fis. 5 ' : 2 < s
2. Low energy heavy ion machine ; ; :
. . 'l LEAR beam intensity Linac HIrvep rate: 2.5 FE
e High vacuum required due to : . om boamenmgy {42 MoV
] 5 : : Electron energy : 235 eV

Flaciromn curropst & 305 med

large charge exchange cross
section: AGS Booster, CERN
LEAR, GSI SIS. _ , 5
o Beam loss creates pressure rise | " Beamlnten5|ty o g i
by ion desorption. ' ; ; :
e The stored beam intensity is
limited.

s |/ *en}ge afcrim nﬂm‘éﬂ ifﬂﬂ:.fsig? : éES 10718
Pealintensity : ~1ESions M. Chanel




3. Electron cloud effect

The electron cloud induced
pressure rise is usually more
or less uniformly distributed

in the ring. —r

The electron cloud related
beam instability and
emittance growth prevent
further intensity increase,
and the pressure rise is often
a secondary problem.

RHIC pressure rises occur

only in part of warm sections,
with non-uniform distribution. —,

Without beam instability and
emittance growth, beam
intensity can be increased
until the pressure rise
impacts operation.
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- _ RHIC transition QRN & | 7
4. RHIC transition pressure rise ‘ R i
K] * i e
e RHIC transition pressure rise " R
is related to the total beam g S
. . g qp®
intensity. — >
. y . N s SRS, T~ - . IS ——— S—— High intensity denteron Satan
e This pressure rise causes e Gold at < %8 /bunch
. Z10” IE2 presswe bwered |
experimental background £ X | ==
roblem. - . Prosmermatl o
p .
. 107" - : = : : ;
5. Pressure rise workshop = _ Finin e PresweriseatIRL2 S
e Concerns of several existing a0 0 o 20 120 0
. Total Nonmalized Beam Intensity
machines. ) o
e Concerns of machines in < s S
construction and/or planning, .. “‘W - '
such as LHC, SNS, LEIR, GSI | o o —
N | T—  m -
upgrade, RHICII, eRHIC, and . } | S Fill 2990, 2/14/03
. . kP . Tt '
heavy ion fusion accelerators. e . -
o Three working groups: T\ .
1. Electron and ion desorption. - ‘\/‘“““\\Q\ ................ "
2. Chamber coating and Ry T— ol
reatment. | |
treatment _J Pressure, Torr
3. Electron cloud effect. R e

Time

RHIC pressure rise and background



Il. Electron and lon Desorption

1. Perpendicular incident

Electrons are kicked to the
wall by passing bunch
during the EC multipacting,
the incident direction is
perpendicular.

In ISR type pressure rise,
ions are pushed to the wall
by circulating beam, it is
also perpendicular incident.
Progress on ion desorption
measurement on various
materials and surface
treatment.

Progress of measurement
on secondary electron yield
on NEG coated surface.
Uncertainty is large for non
- perpendicular incident.

N, (N2 equiv.) [molemﬁleslion]

e
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2.

Non-perpendicular incident

Beam injection and charge
exchange caused beam loss
are with the incident angles
of mrad or less.

At the time of AGS Booster
was designed, ion desorption
rate was believed to be 1 - 10.
More than 1e5 molecules can
be generated per lost Au ion.
The gold beam injection loss
induced pressure rise has
caused > 40% loss during the
acceleration at high beam
intensity.

Similarly, in early design

of SNS, SEY was believed to
be 0.1 - 1 per lost proton.
SEY of proton impact is
measured to be larger than
100 at grazing angles.

BEBEROOKHISAWERN
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3. Progress in ion desorption N ' w0 A
measurement 10" ¢ E
e Measurement at AGS 0t | E.Mahner 1e5 :
Booster, RHIC, LEAR,SPS, £ . % »® ]
LINAC3,SISand GSIHLI & ~~~~~ §'§‘” TTTTTTTTTT -
shows ion desorptionrate ¢ ' a e E
of 10 - 1e7, under different 5. w7 4 A CERN(LINAC 3 3
conditions. ot g ° v Gy ;
e The ion desorption rate of N f Zg ° v s
at several accelerators. Ton energy [MeV/u]
e For low energy machine, 12,000 1 [2os]
the relevant incident angle 10,000 1 — @
Is in mrad or less. For high 2,000 | g g = 8 8 @
energy machine, it may go s ooo | =
to urad or less. . =
e A bunch measurement RS (on desorption < T_0AH] o
shows peak desorption rate 2,000 |y ——°
at 87 deg. R e = S e
e The adequate length of e Ai[;le ﬁ,ffn mr?al { d:z } S
surface relevant to grazing 0 ‘ |
angle measurement? , - A Molvik
L = 0 /cos(0)
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ﬂa //\\
4. Status and pian e B
- speclromeler
It is not unusual that the o — W
measured desorption rates [ ewuan U e
R . UHV environment

differ in orders of magnitude
with similar conditions.
Surface chemistry/physics

Sample Ion Beam

P

Recoil Ion

may help for better Window
understanding. |
It is proposed for systematic b PINDok 6y ; o AE :Element (2)
. | s E i Depih
measurements according to
species, energy, charge N——
. . Intensity | r—— :
state, and incident angle. =l ssprotons T T ST
; i 5 ! - : 1 ; : 5 i , |
More measurements based NI I \. . ;'\S‘; g
; : | i i i a .Di
on test stands are plannedat - = | v | 35et1  Ramping
o i ] 1 i 5 5 :
CERN, GSI, BNL, and others. iy AN 1
Beam measurement in the s e e il
= Pressure rise I | i ~ A N
accelerators is also | T | ek Nl
important. For example, EC ___, o '“?‘ZEET“%» |
intensity threshold of 34 m e L nesirgie | 1 1L e ’
= - » : : : i J,; H =Yellow single
long straight section in | beample Y V! bedmpine
RHIC is < 60% of 17 m long == e e s =

chambers.
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. Beam scrubbing by ion w s

sputtering

Beam scrubbing by ion

sputtering has been proved
beneficial in reducing ion _
desorption induced w0 [
pressure rise at LINAC3. —
Beam scrubbing is planned R

AF [Tom)

w g -

T
B

OB

in the commissioning of 0.01
LEIR as LHC ion injector.
Similar effect has been
observed at the AGS

Booster for the Au injection

in longer time period. The

dose requirement agreeable
with the LINAC3 data. —

0.1

LINAC3 scrubbing test aaiteagial
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2x 10
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[noysamaaor] #i

AR type

One problem in sputtering
scrubbing is the control
of dose deposition in the
relevant surface area. This
is comparable with the EC
scrubbing in dipole field.

le-3 <7
Tarr

1e-10
Torr

Booster scrubbing effect [Hiiatiiate
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lll. Chamber Coating and Treatment

1. TiN coating

TiN coating is aimed at SEY
reduction.

TiN coating has been applied
to many machines, such as

the PEPII antechamber. It is —»|

applying to entire vacuum
chamber at SNS.

General reduction of SEY is
observed, but not all times.
PSR three installations of TiN
coated pipe have yet to reach
a conclusion.

Improvement of coating
under high pressure of 5
mTorr at BNL for SNS pipe
coating. SEY was |mprove
from2~25t01.5~1.9.

The better coating has
rougher surface.

[FL3 P L T e ————

D T | e

f}“

= \\"'Hhh

PEPII TiN coated antechamber Mﬁ%ﬁée_m

LIL R LT Lot T

S e e L

"'h"l |
A r

5 mTorr 1.5 mTorr
A ~1 cm ~3.3 Ccm

TiN surface comparison H.C. Hseuh
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2. NEG coating

o Multi - benefit of NEG coating
1. It turns outgassing chamber surface to the getter pump.
2. Reduction of SEY and electron desorption rate.
3. Possible ion desorption reduction.
e Positive measurement results on SEY and electron desorption.
¢ Limited measurement on ion desorption, consistent results yet to be
reached.
e Rough NEG film is needed for better pumping (surface ~ bulk), it also helps
for SEY reduction. Is it also beneficial for electron and ion desorption?
¢ It is found at CERN that coating is rougher if the chamber surface is
rougher. Coating condition may also be important.

TiZrV/St.St.

1 pm
NEG surfaces on St. St. & Al — e

11
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3. More about NEG coating —
e For activated NEG surface, E izzg:xﬂ?‘uﬂa;‘;ﬁq

SEY is 1.1 ~ 1.3. For saturated

Activated (22 L'lays- in ".I'En:]

- SEYofNEGsurface

surface it remains below 1.4, -
measured at CERN. % "
e SLAC measurement shows ___, © jif -+ —immi
SEY of 1.3 ~ 1.6 after 22 days oo}l i
in vacuum, still comparable P 5
with steel surface after beam I e e e e S S S S
scrubbing, SEY = 1.5, and i
the well conditioned TiN with N ~3K
SEY = 1.6. S -

e Cornell observed the powder
substance on NEG surface, ,
from excessive H,sorption. —>

e NEG surface impedance is '
better than steel, but not as
good as Al, measured at
ESRF.

e Activation condition needs
.. ] NEG powder

to be optimized for pumping,

reduction of SEY, electron how o

and ion desorption.

R. Kersevan

idi6

idé id2d idég idi2 dipol
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4. Collaboration and plan

e More issues for NEG coating

1. Coating condition.
2. Aging effect and lifetime.
3. Venting effect.
4. Pumping capacity.
5. Activation condition.
o Collaborations include —
Cornell, ESRF, GSI, KEKB,
LHC & LEIR, PEP I, and
BNL.
e Total 11 NEG coated pipes,

NEG coating and surface

R. Kersevan

| Q=]

o R 1B |
each 5.2 m long, have been jot ¢ s {3 | [R2-Brahms | | e 007
. . | é AN |
installed in the RHIC. Beam bit g & Py - = a2
- - " | | ! | ! | | |
study is undergoing forion —> i Nt 1 | i
desorption, suppression of o | B b i B
electron multipacting, and Wy | IRI0-Phobos | o === 0
linear pumping. i I o i i |
| | | | | |
e Test stand at the BNL bot1 } 1, R12 0 e ) 4 Y012
Tandem for ion desorption " R Rl L e s bi12
e a7 F TR

and activation condition.
N e

I



IV. Electron Cloud Effect

1. Mechanism of electron cloud

e Thanks to theoretical and
experimental studies in past
several years, when electron
clouds occur in RHIC, it wasn't
much of a surprise to observe
‘classical’ features of it.

Bunch intensity effect.
Bunch spacing effect.

Bunch gap effect.

Solenoid effect.

Scrubbing effect.

Associated pressure rise and
its saturation.

e Not quite quantitatively

1. Electron density and
distribution.

2. Solenoid effect.

3. Effect of beam size.

4. Relation between e-signal
and pressure rise.

Ok WN=

Tntensity [10'p]
-
=

Pressure [Torr)

-
=

10 1
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A = pattern {3,12;8) pattern (3,14,6)
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15 30
2. Beam scrubbing 8 uC/pulse Lo
e A long term beam scrubbing s . PSR beam scrubbing |
effect was observed at PSR. — > R Macek 3
e CERN SPS achieved the LHC g 1"*%
. . > 3
beam requirement by applying S o0s - 10 ¢
beam scrubbing for several o e
dayS. (Sec 1) s S—— _ T8
¢ In RHIC scrubbing, the pressure 0 . . - . 0
5/24/2002 Ti13/2002 9172002 10/2142002  12/10/2002 1/29/2003

rise was kept at 5e-6 Torr, with

control of beam injections. _ _ g
! S s e v s e
Beam scrubbing effect was Buor Beamintensity N PL i
observed at all locations with T I oI S 1 S S |
non- trivial pressure rise. jm S T
e In was found in both SPS and RELE Ll
RHIC that the pressure rise can oo e m
be used as a measure for the - : : :
effectiveness of the beam g Pressurerise M . A6T105Torr —
scrubbing. '
e In SPS, it was found that SEY
may recover after only 4 hours 0 S

] 20
Time. Minute

4|-:| 60 120 140
RHIC beam scrubbin m

without running LHC beam.
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3. Challenges

e SPS COLDEX scrubbing
experiment showed

1. Pressure rise reduction

is similar for warm and

cold sections. o
2. Heat load reduction at

. . 107%
cold section is much less g s B i o T
effective. g 0 = & @ e vy &
3. Initial electron activity is SiSPRneR
similar at warm and_ c_OId’ RT (VASD detector) 30 K (CSD detector)
but the electron activity . 120 l
reduction at cold section RTtap./ Heldiee ———— RS A= e
is much less effective. —» -
I ST - £ _— fo----

e Other problems of beam : N
scrubbing e é
1. Tolerable heat load.

2. Possible beam instability.
3. Possible beam emittance e £ e |
grOWth. 5:;1:."; : :edo_m::dm_rs"d: LHCI:EE:'E:; fe.;;m p84 m:j'p E ?;mfadms":mcmi ?22?1>|<1:| pa4

Electron activity, warm and cold
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4. Problems and questions

e Stripes in dipole field affected
by the beam/bunch intensity,
bunch size, dipole field, and
chamber size. The third stripe?

BEBEROOKHISAWERN
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Quadrupole
pole tip

150,

RFA
Chamber

4
eyacuated

1eam pipe 0
e Simulation shown that electrons
may be trapped in quadrupole PSR sweeping
for a long time. PSR plan to use detector in
electron sweeping detectorin " EECILEES
a quadrupole for measurement. o
e Low energy electron reflectivity
1. Both PSR and SPS observed | ]
secondary electron lifetime o0 | l i MLW dmax=1.9 |
of 1= 170ns in the long bunch i wk%«m W M WL\M TW\ 5(0)=0.5
gap. | [“ Rtk | |

2. Same result was obtained by
simulation using 6 (0) = 0.5 for

2 - 4 eV secondary electrons. —»

3. Recent observation of ¢ (0)
~ 1 for electrons below 10 eV.

4. Consequences of using the
new curve of e- reflectivity.

101

23

d.e

—
|
<l
[

©

oo

1
1.4 20 22 2410 -

EC dissipation in long gap for SPS m
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V. Conclusion and Perspective

1.

2.

Many results reported in the workshop were obtained during recent
months, not years, indicating the need of existing and planned machines.

With the improvement in accelerator technology and pursuit of high
intensity and luminosity, many machines are facing limits caused by
particles other than the beam. Electron cloud is an example, but ions may
also have direct and/or indirect effects, at least for hadron machines. lons
involved in RHIC pressure rise include: beam gas ionization generated
ions, beam loss generated ions, secondary ions due to these two kinds of
ions, and secondary ions generated from electron multipacting.

. It is very important to identify and understand the dominant mechanism in

each type of pressure rise. This goal is served by the several fronts
pushed forward during the workshop, i.e., the electron and ion desorption,
the chamber coating and treatment, and the comprehensive strategy to
prevent electron clouds during the accelerator and collider operations.

. For EC countermeasure, solenoids play a key role in raising luminosity at

the B- factories. Colliders can adopt flexible bunch injection pattern to
maximize the luminosity. In general, it is better to extend the bunch
spacing and to raise bunch intensity. For example, at RHIC, the 56 bunch
pattern yielded less background and higher luminosity than the 112 bunch
pattern. SPS shows that for 25 ns, 50 ns, and 75 ns bunch spacing, the
bunch intensity thresholds are 3e10, 6e10, and 1.2e11. The corresponding

luminosity ratio would be 1, 2, and 5.3.
18



