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Students at SLAC

* Bob always had a large * Students while at SLAC

number of students and a — Chris Barnes
larger number of advisees — lan Blumenfeld

— Ben Cowan

* Bob was a great professor — Robert Holtzapple

* Students were first priority _ Neil Kirby
* He drove people very hard but — Chris McGuinness
he was fair and very supportive — Caolionn O'Connell

— Boris Podobedov
— David Pritzkau

— Bruce Rohrbough
— Chris Sears

— Walt Zacherl

* Bob brought both a rigor and
an enthusiasm for the academic
side of Accelerator Physics
to SLAC — he was a great
experimentalist and a great teacher .
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1991 SLC Team

* Bob came to
SLAC in early
1991, in part,
to work on the
SLC which was
struggling with
luminosity

* He believed that
the SLC was a

prototype for the
next collider
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SLC Task Force (1991 - 1998)

SLC STEERING COMMITTEE

Nan Phinney - Ghair
Bill Ash

Stan Ecklund
Tom Himel
Marc Ross
Ron Ruth
John Seeman 1)
Bob Siemann
Nick Walker
2)
ex officio John Sheppard 3)
Burt Richter
4)
3)

Bob was a cornerstone of the Steering
Committee from beginning to end

CHARGE TO THE COMMITTEE:
PLANNING AND COORDINATION
OF 1991 RUN

Develop a run plan (with the System Physicists) with
reasonable goals and milestones

Review projects critical to meeting those goals and ensure that
they have sufficient priority and resources

Review and approve machine physics expariments

Schedule the run on a weekly basis with %uals. priority
axperiments and backup alternatives, SLD runs

{Detailed scheduling of shifts to be done with the Program
Deputy at a weekly scheduling meeting)

Review the progress of the run and make necessary
mid-course corraclions



SLC: The 1st Linear Collider

Built to study the Z,
and demonstrate
linear collider
feasibility

Energy = 92 GeV
Luminosity = 3e30

Had all the features
of a 2nd gen. LC
except both e+
and e- shared the
same linac

Much more than
SLaAC Linear Collider a 1 O % p r Ot Otyp e

)
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s perweeks

SLC luminosity. Many Challenges

Lessons learned:

Flexible design to
allow parameter

1992 - 1998 SLD Luminosity
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SLC POSITRONS _
The ¢* yield is in reasonsbls agreement with shower Positron Task Force
and beam transpon Moate Carlo’s through the West
Turs-Around.

o Monte Carlo gives 2.2 ¢*je” at this point

o Measured yicld during last cycle was 2.0 ¢’

The problems are in the acceleration from 0.2 10 1.2
GeV, the transfer line from linac 10 damping ring, and
ihe dernping fng.

o Final Monte Carlo yield is 1.4 ¢ /"

o Messured yisld was 0.6 */e”

For the 1 GeV acoelerator we are developing beam-
based alignment procedures 1o position quadrupoles
and increase the acosptance. T When Bob started at SLAC and worked on the

o Prosct quadsupale sligument & ~23) i positron system he was thrown into the deep end.
* This needs 10 be seduced to 150 jm for adequase

He brought mathematical rigor to our data
P o analysis procedures and guided us towards
* Sp—— proper error analysis in the results.
have been identifitd snd moved.

_1.'.'

e a 2
I e 'z@/ Particle Physics
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SLC Positrons

* Much improvement
In transport systems

* Final scans of SDR
aperture in 1992

Yield through the Positron System

B Measured Yield 1990
B Measured Peak Yield 1991
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Flat Beams in the SLC

* Issues
— Damping rings
— Emittance preservation
— Spin control
. — Diagnostics

—

* 1990 SLC White paper

— No luminosity improvement
expected from flat beams

— Do not pursue!

SLAC-PUB-6118
May 1993

Bob strongly supported experimental study of flat beams
Flat Beams in the SLC*

C. Adolphsen, T. Barklow, D. Burke, F.-J. Decker, P. Emma, M. Hildreth, T. Himel, P. Krejcik,
T. Limberg, M. Minty, N. Phinney, P. Raimondi, T. Raubenheimer, M. Ross, J. Seeman, R. Siemann,
W. Spence, N. Walker, M. Woodley
Stanford Linear Accelerator Center
Stanford, California 94309

ABSTRACT
The Stanford Linear Collider was designed to operate with
round beams [1); horizontal and vertical emittance made equal
in the damping rings. The main motivation was to facilitate
the optical matching through beam lines with strong coupling
elements like the solenoid spin rotator magnets and the SLC
arcs.

electron and positron ring tunes is historical. For normal SLC
operation, simply splitting the horizontal and vertical tunes is
sufficient; producing beams with normalized rms emittances of
yex=3x10"5 m-rad and ye;=0.3x10- m-rad.

The vertical emittance could be reduced further with more
sophisticated coupling and dispersion correction. However, in
the electron damping ring, the beam is stored for only 2.4
damping times and thus the extracted vertical emittance is



Flat Beams inﬁthe SL
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SLC Damping Rings

* The SLC damping rings were critical for the collider
performance

— Errors were amplified by linac and made tuning FFS difficult

* Many challenges in the rings
— Space was tight — hard to install new diagnostics
— Magnets pushed to their limits

— High single bunch charge and injection/extraction meant single
bunch instabilities and beam loading issues turned into
downstream jitter

* Bob wanted to turn the rings into precision machines

* The damping rings were ideal for Bob and his students
because we could create every known instability plus
some new ones

=
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SLC Damping Ring RF Feedback & Transients

© 1993 IEEE. Personal use of this material is permitted However, permission to reprint/republish this material
for advertizing or promotional pmpeses or for creating new collective works for resale or redistibufion to servers

Bob was the driving
fo fce be h | N d th e R F During the 1992 SLC/SLD run, accelerator operation be-

studies which were
useful for SLC and
critical for PEP-II

SLAC auy7th, 2009

or lizts, or to rense any copyrizhted component of this work in other works must be obtamned from the IEEE.

Simulation and Analysis of RF Feedback Systems on the SLC Damping
Rings

M. Minty, T. Himel, P. Krejcik, R.H. Siemann, R. Tighe

Stanford Linear Accelerator Center, Stanford University, Stanford CA 94305 *

Abstract

The rf system of the SLC Damping Rings has evalved since
tighter tolerances on beam stability are encountered as
beam intensities are increased. There are now many feed-
back systems controlling the phase and amplitude of the
tf, the phase of the beam, and the tune of the cavity. The
bandwidths of the feedback loops range from several MHz
to compensate for beam loading to a few Hz for the cavity
tuners. To improve our understanding of the interaction
of these loops and verify their expected behavior, we have
simulated their behavior using computer models. A de-
scription of the models and the first results are discussed.

1. Introduction

came sensitive to the microwave instability' at beam cur-
rents above 3% 10! particles per bunch. To aveid the on-
set of bunch lengthening at higher currents, an rf voltage
ramp was implemented. However, the depth of the ramp
was limited by a Robinson-like instability®®, which was
corrected for using direct rf feedback®*. With these mod-
ifications, the parameter space has become more complex.

Operating conditions must be adjusted and optimized such
that the rf svstem onerates stahlv nnder varvine sandic

Bob Siemann: SLAC Professor and SLC Physicist

The rf system is modelled by calculating the dynamics
of the beam cavity interaction. These equations along with
measured loop characteristics and klystron saturation data
are then incorporated inte numerical integration programs
such as Matrix-x® and Simulink®. These algorithms use
state space representations of the system to solve the dif
ferential equations. The system can be analyzed in both
the time and frequency demains

lcrllcc-.i.-luucunun i
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Figure 1. SLC damping ring rf system.

2
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SLC longitudinal Phase Space

© 1006 IEEE. Personal use of this matenial 1s permitted. However, pernussion to reprint/republish this matenal
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Measurements of Longitudinal Dynamics in the SLC Damping Rings*

R.L. Holtzapple. R.H. Siemann. and C. Simopoulos
Stanford Linear Accelerator Center, Stanford University. Stanford, CA 94309 USA

I. Abstract

Measurements of longitudinal beam properties in the
Stanford Linear Collider (SLC) damping rings have been
made using a Hamamatsu, model N3373-02. 500-
femtosecond streak camera[l]. The dependence of bunch
length on current and accelerating RF voltage was
measured. The energy spread dependence of current was
also measured. The turbulent instability threshold for the
SLC damping ring is at the current of I=1.5-2. 0x1010
particles per bunch.

I1. Data Analysis and Systematic Errors

The measurements were performed on either the SLC
electron or positron damping ring when the opportunities

frar lhaan tima hasrama atrailahla TiTa ara st atrrara ~AF ansr

and the incident light was filtered until the bunch length
measurement was stable over a range of light intensities.
Figure 1 exhibits the intensity effects on bunch length
measurement and in this example the light is filtered by
50% to eliminate this effect.

{mm)

I&lt&n&ity Effects on Bunch Length Measurements
1
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Figure 1. The bunch length dependence on light intensity
measured at the damping ring with a current of I=3.6x10 10




SLC Damping Ring
Instabilities

* In the early 1990’s, jitter

at the IP was tracked

back to a bursting

longitudinal instability in
the SLC damping rings

— Small changes in DR

phase and energy

caused large changes

at the IP

* A number of fixes were
developed including
complicated rf tricks
to ‘pin’ the instability

onset
SLAC auy7th, 2009
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SLC Damping Ring Upgrade

* The bursting instability was identified in the early 1990’s
as the longitudinal microwave instability

— Shielding of the bellows in 1989 increased the threshold by 2 as
expected but was to 3x1010

— Measurements agreed fairly well with modeling which predicted a
further increase in threshold by smoothing the ring chamber

— Bob led the effort with Torsten Limberg

— Karl Bane provided
the theoretical calcs

— In 1994 when the
threshold was measured
to be 2x lower!

When an issue arose, Bob was
great at pulling the experts together,
listening to what they had to say and
. L7 Particle Physics
then making a decision \PP/A\**“S""H"WEs




Sawtooth Instability version 2.0
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High-Intensity Single Bunch Instability Behavior In The New SLC&mng Rig
Vacuum Chamber*

K. Bane. J. Bowers, A. Chao, T. Chen. F. J. Decker, R. L. Holtzapple. P. Krejcik. T. Limberg. A. Lisin.
B. McKee, M. G. Minty. C.-K. Ng, M. Pietryka, B. Podobedov. A. Rackelmann,. C. Rago.
T. Raubenheimer, M. C. Ross, R. H. Siemann, C. Simopoulos, W. Spence. J. Spencer, R. Stege, F. Tian.
J. Turner, J. Weinberg. D. Whittum. D. Wright, F. Zimmermann

Stanford Linear Accelerator Center, Stanfc o5 | | |
' o 2
New low-impedance vacuum chambers were installed in 20p ez o g«;ﬁ """"" )
the SLC damping rings for the 1994 run after finding a ] SR S e*?‘.."ifh ........ il -
single bunch instability with the old chamber. Although the 5 = %
threshold is lower with the new vacuum chamber. the 19
instability is less severe, and we are now routinely operating £ 5
at intensities of 4.5x1010 particles per bunch (ppb) & 0
compared to 3% 1010 ppb in 1993, The vacuum chamber =
upgrade is described, and measurements of the bunch length, -3
energy spread, and frequency and time domain signatures of 10
the instability are presented. 5
I. VACUUM CHAMBER UPGRADE oo 50 0 50 100
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Bob loved experimental =% A\
physics and loved
designing experiments
to get at the physics.

Bob was sometimes gruff,
sometimes measured and
sometimes excited, but he was
always a model of intellectual
integrity.

He pushed us to think for
ourselves and provided
guidance by asking the right
guestions.

We will all miss him greatly!



