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PEP-II Machine Advisory Committee met at SLAC 
from December 13—15,2004 

In only three months of operation since the last meeting 
PEP-II peak luminosity was increased by 10% and 
the monthly luminosity by 40%.  

Large increase in monthly luminosity was primarily 
due to successful “trickle charging” mode of filling 
and reduction of beam aborts.  

An impressive 116 fb-1 was delivered during Run 4.

A few slides from beam-beam presentations and from my 
summary on beam dynamics follow.
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Simulations:         
Y. Cai / I. NarskyComparison of measured luminosity with Comparison of measured luminosity with bb--bb simulationssimulations

Beam-current dependence of Lsp

• Absolute scale: 15-20 % agreement

• Current-dependence steeper in data

• Uncertainties:

• assumed values of β, ε, σz

• lattice non-linearities (not incl’d)

Luminosity             
in by-3 pattern         

(no parasitic Xings) 
20 Oct 03

Specific luminosity vs. LER bunch current
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Specific luminosity vs. LER bunch current
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BeamBeam--beam simulations: beam simulations: LLspsp & IP spot sizes& IP spot sizes Simulations:  I. Narsky
Parameter set: 2003

Specific luminosity
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Horizontal IP spot size (simulated)
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Vertical IP spot size (simulated)
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BeamBeam--beam sensitivity to parasitic crossings & Xing anglebeam sensitivity to parasitic crossings & Xing angle

Goal:Goal: measuremeasure the luminosity the luminosity 
degradationdegradation associated with associated with 

parasitic crossings
horizontal crossing angle

PrinciplePrinciple
by-2 pattern: compare Lsp at 
minimum, nominal & maximum 
parasitic-xing separation                  
( = e- x-angle)  with full L 
optimization at each setting                                                

sensitivity to                           
Xing angle + parasitic crossings
by-4 pattern: compare Lsp at 
minimum, 0, & maximum 
(achievable)  Xing angles                  
( = e- x-angle) with full L 
optimization at each setting                                                

sensitivity to Xing angle only
HEB only: measure impact (if any) 
of e- x-angle on e- beam properties

+ x

∆∆X @ parasitic crossingsX @ parasitic crossings
XP(e-) more +ve ⇔ ∆X (PC)  ↓

nominal:                                           
∆X(PC) = 3.22 mm @ z = +/- 63 cm

XPmax(e-) = - 0.60       (+ 0.85) mrad
⇔ ∆X 3.6            (2.7)  mm
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Without parasiticWithout parasitic XingsXings (by(by--4)4)
LLspsp exhibits a exhibits a parabolicparabolic
dependence on dependence on XP(eXP(e--))
With parasiticWith parasitic XingsXings (by(by--2)2)

the peak Lsp is ~ 5% lower
(@ nominal PC separation) 
than in the by-4 pattern
the larger XP(e-), the steeper 
the Lsp degradation

The optimum eThe optimum e-- x angle is ~ x angle is ~ 
0.2 0.2 mradmrad more more --veve in the byin the by--22
pattern (pattern ( weaker PCweaker PC effects)effects)
This suggests that in the This suggests that in the 
presence of parasitic presence of parasitic XingsXings, , 
the the optimum eoptimum e-- angleangle is a is a 
compromisecompromise between       between       
XingXing--angleangle & & PCPC--inducedinduced
luminosity degradationluminosity degradation

LLspsp dependence on Xing angle & PC separation: dependence on Xing angle & PC separation: experimental summaryexperimental summary

Normalized Lsp vs. e- angle
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Simulations: Y. Cai
Parm. set: 2003LLspsp dependence on Xing angle & dependence on Xing angle & ∆∆XXPCPC: : datadata vs. vs. simulationssimulations

 Lsp degradation vs. PC separation
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Normalized Lsp vs. e- angle
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Normalized Lsp vs. e- angle (by-4, no PC)
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Y. Cai
Parm. set: 2004CombinedCombined effect of effect of Xing angleXing angle & & parasiticparasitic crossingscrossings

Normalized Lsp vs. Xing angle, with PC
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Lsp vs. Xing angle, with PC
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The simulation confirms that in the presence of parasitic crossiThe simulation confirms that in the presence of parasitic crossings, ngs, 
introducing a small introducing a small ––veve Xing angle improves the luminosityXing angle improves the luminosity

The optimum Xing angle is slightly larger in the simulation (-0.2 mrad) than in 
the data (-0.1 mrad) – consistent with the (previously) simulated Xing-angle 
dependence without PC’s
In the simulation, the best Lsp achieved with parasitic Xings is 3% larger than 
without PC’s; in the data, it is 4% smaller with PC’s.



SLAC PC FARM

• Linux cluster interconnected 
with 64-bit PCI-X (PCIXD, 
Lanai X) Myrinet 2000. 

• All nodes are 2.6GHz dual-
Xeon Pentium IV Rackable
systems running RHEL 3.0. 

• These are 128 of our 384 node 
Linux cluster. 

• 20% faster than seaborg at 
NERSC for beam-beam 
simulation using 32 
processors.

• We own 25% of the cluster.



PEP-II Parasitic Collisions
May 21, 2004

crossing[m] δx[mm] # of σ(e+) # of σ(e-)
0.32 0.1 0.84 0.51

0.63 3.22 17.38 10.61
0.95 9.69 36.87 22.51
1.26 17.78 52.16 31.85
1.58 28.86 68.28 41.69
1.89 43.6 86.75 52.97
2.21 60.53 103.38 63.13
2.52 77.61 116.52 71.15
2.84 94.73 126.41 77.19
3.15 112.31 135.28 82.61



Tune Shift Due to Parasitic Crossings

LER(e+) HER(e-)

Horizontal -0.000958 -0.000523

Vertical 0.0233(0.026) 0.0123(0.014)

Two nearest parasitic collisions are included in the calculation. Single 
parasitic collision contributes half of the value.



Parasitic Collisions and Crossing 
Angle at PEP-II

Compared with the measured luminosity: 5.61 1030 cm-2s-1, the 
simulation result with -0.2mrad is closer. 



Trade off between Parasitic 
Collisions and Crossing Angle

Best luminosity achieved  when the vertical beam 
sizes are small and matched.



Parameters Description(2007, Seeman) LER(e+) HER(e-)

E(Gev) beam energy 3.1 9.0

N bunch population 12.03x1010

(2.62mA)
5.88x1010

(1.28mA)

βx
*(cm) beta x at the IP 28 28.0

βy
*(cm) beta y at the IP 0.8 0.8

εx(nm-rad) emittance x 60.0 60.0

εy(nm-rad) emittance y 1.0 1.0

νx x tune 0.5162 0.5203

νy y tune 0.5639 0.6223

νs synchrotron tune 0.032 0.055

σz(cm) bunch length 0.9 0.9

σp energy spread 6.5x10-4 6.1x10-4

τt(turn) transverse damping time 9800 5030

τl(turn) longitudinal damping time 4800 2573



Tune Shift Due to Parasitic Crossings
Year of 2007

LER(e+) HER(e-)

Horizontal -0.00139 -0.00098

Vertical 0.0406 0.0286

Two nearest parasitic collisions are included in the calculation. Single 
parasitic collision contributes half of the value. Values are nearly doubled
compared to ones in 2004.



Luminosity Degradation due to 
Parasitic Collisions (Year of 2007)

-76%

Without parasitic collisions, the total luminosity = 1715x1.51x1031

cm-2s-1 = 2.59x1034cm-2s-1 compared to Seeman’s expected 
value: 2.4x1034cm-2s-1. 

mmy 8* =β



Tune and Crossing Angle 
Compensation for Parasitic Collisions

δx = 3.85 mm at φ = -0.5mrad (3.22mm at φ =0) which is
about 12 σx separation.

Expected luminosity
can be achieved with
tune compensation
and small crossing
angle (-2x0.5mrad).

1.55x1031



PEP Online Modeling: Process
MCC (VMS) pepoptics (linux)
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SCP

LERmodel
HERmodel

Matlab

MAD
input

Reference
Files

MAD

AT

LEGO

AT

Input
Files

Magnets,
Orbit,

Fudges

Configuration
Files

Magnets,
Orbit,

Fudges

Configuration
Files

RMATs,
Twiss,

nij

Model Files

SCP,
SSH

11

1

2

3

4

5

6

78

9

10

DIMAD
not used
anymore

MAD
updated to
v 8.51/15

RMATs,
Twiss,

nij

Model Files
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Lattice parameters in highly coupled systems

• MAD (v 8.51/15-SLAC) has been modified to output “effective”
transfer matrices (first order expansion about the closed orbit;
includes “feed down” effects from sextupoles)

• Andy Wolski’s normal form analysis1 is used to extract coupled 
lattice parameters from the transfer matrices

• 10 coupled lattice parameters (µ, β, α, η, η΄ for modes 1 & 2) and 8 
elements of the normalizing transformation (n13, n14, n23, n24, n31, 
n32, n41, n42) at each element are returned to be loaded into the 
MCC database 

1See http://www-library.lbl.gov/docs/LBNL/547/74/PDF/LBNL-54774.pdf

M. Woodley

http://www-library.lbl.gov/docs/LBNL/547/74/PDF/LBNL-54774.pdf


ORM-derived fudge factors: LER (2)

( )
( )

calcx
modelx

β
β

fudgedunfudged

fudgedunfudged

( ) ( )meas modelx xφ φ−

M. Woodley



ORM-derived fudge factors: HER (2)

( )
( )

calcx
modelx

β
β

fudgedunfudged

fudged

unfudged

( ) ( )meas modelx xφ φ−

M. Woodley



LER BPM X Offsets: Then and Now

M. Woodley



specific luminosity
• unchanged over the last year 
• measured luminosity reproduced within

+/-10% in beam-beam simulations 
taking low-current emittances as input

• orthogonal optics tuning knobs for 
luminosity optimization may gain
~10% in luminosity, making use of
improved optics model

• with better optics correction, more optimal
region in tune space may become 
accessible (e.g., closer to half integer) 

• simulations suggest lowering εy is another 
key to increasing ξx,y



reducing vertical emittance
• likely side-benefit of correcting large beta 

beating using fudge factors from ORM
• try to apply dispersion-free steering

(extremely successful in SLC & LEP)
• confirm ultimate limits from vertical bends,

solenoid, skew quadrupoles, opening 
angle,…

• study possibility to weaken vertical bends



beam-beam simulations
• closely reproduce present observations
• recommend intensive simulation campaign

exploiting enhanced computing power  
• simulate & compare luminosity performance 

for different IR upgrade scenarios
• tune survey, optimization of emittances and

βx*’s, dependence on bunch length
• include nonlinear map for ring with wiggler 
• brute-force simulation of beam tails & determine

scaling of beam-beam background with ξ
• could octupoles control tails, as at DAFNE?
• study possible benefit of actively compensating 

parasitic collisions (e.g., wire), as for LHC



beam-beam experiments
• beam studies revealed sensitivity to θc & dsep
• parasitic collisions presently reduce

luminosity by ~5%, for 20% less
separation it is ~20%, close to an edge

•~10% luminosity loss for θc=0.5 mrad
(2x more sensitive than simulation) 

• what are minimum required separation
and maximum allowed θc
for 2007 parameters (2x higher charge,
larger emittance)?

• explore effect of parasitic collisions & θc
for 2007, e.g., with wiggler on and 
increased bunch charge in mini-train



optics model, ORM & BBA
• unification made good progress; MAD now

used for most applications 
• ORM analysis should include dispersion
• compare model dispersion with measurement
• compare MIA & ORM results 
• large fudge factors in some cases (artifact?)
• fit ORM data for orbit offsets at sextupoles;

possibly realign magnets with large offsets
• ORM analysis could be speeded up, e.g., by

exciting few correctors per plane, as KEKB  
(faster data acquisition & analysis)

• check that nonlinear terms (from sextupoles)
do not affect quality of BBA analysis





The US Heavy-Ion Fusion program has the long-term goal of 
developing inertial-confinement fusion as an affordable and 
environmentally attractive source of electrical power. Toward 
this goal, the near-term HIF research at US National 
Laboratories uses reduced-scale experiments and state-of-
the-art numerical simulations to understand the injection, 
transport, and focusing of the high-current beams needed 
for this approach to fusion energy. Since 1998, this research 
has been co-ordinated in the US by the Heavy-Ion Fusion 
Virtual National Laboratory.

http://hif.lbl.gov/VNLstaff.html
http://hif.lbl.gov/VNLresearch.html
http://hif.lbl.gov/misc/placeholder.html
http://hifnews.lbl.gov/
http://hifnews.lbl.gov/calendar.html
http://hif.lbl.gov/tutorial/tutorial.html
http://hif.lbl.gov/VNLlinks.html
http://hif.lbl.gov/disclaimer.html




VNL Research Activities
Current and Planned Experiments

High-Current Experiment (HCX)
investigating the transport of a high-current ion beam through electric and magnetic quadrupoles

Neutralized-Transport Experiment (NTX)
modeling aspects of the transport of a space-charge-dominated ion beam in a fusion chamber

HIF Computer Codes
The Virtual National Laboratory for Heavy Ion Fusion has developed a suite of computer codes for 
modeling beam injection, acceleration, transport, and focusing in induction accelerators and 
transport in fusion chamber. These codes can describe beams at differing levels of detail, from 
zero-dimensional systems equations to 3-D electromagnetic particle-in-cell (PIC) models.
Goal is an integrated, detailed, and benchmarked source-to target beam simulation 
capability.

IBEAM MathCad systems program to study accelerator-design trade-offs and economics. 

WARP Electrostatic code w envelope, PIC, and Vlasov models to examine injection and transport.
BEST Nonlinear perturbative PIC code for studying beam stability and halo formation.
LSP Implicit electromagnetic PIC code, particle-fluid electron model for modeling high-density 
plasmas. 
BPIC A modern 2-D / 3-D electromagetic PIC code for chamber transport.
BICrz A 2-D electromagnetic PIC code for chamber transport.

http://hif.lbl.gov/experiments/HCX_summary.html
http://hif.lbl.gov/experiments/NTX_summary.html
http://hif.lbl.gov/theory/IBEAM_summary.html
http://hif.lbl.gov/theory/WARP_summary.html
http://hif.lbl.gov/theory/BEST_summary.html
http://hif.lbl.gov/theory/LSP_summary.html
http://hif.lbl.gov/theory/BPIC_summary.html
http://hif.lbl.gov/theory/BIC_summary.html




M. Furman, HHH2004 Session 6B: “Overview of EC Simulation Codes” p. 33

Self-consistency plan

roadmap for 
WARP+POSINST

R. Cohen, ECLOUD’04

Lawrence Berkeley National Laboratory
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