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• International collaboration R&D effort: 2006 simulation campaign
culminating in the recommendation for the damping ring 
circumference reduced from 17 km to 12km [electron cloud safe] 
and then further reduced to 6km [red flag]. 

• An electron cloud expected in the 6km positron Damping Ring, 
but simulations give increased confidence on possible remedies 
as clearing electrodes and grooves. 

• Substantial R&D is needed to confirm possible mitigation 
techniques. 



Compare options:                          
simulations recent history
Compare options:                          Compare options:                          
simulations recent historysimulations recent history

Cloud density near (r=1mm) beam (m-3) before bunch passage, values are taken at a cloud 
equilibrium density. Solenoids decrease the cloud density in DRIFT regions, where they are only 
effective. Compare options LowQ and LowQ+train gaps. All cases wiggler aperture 46mm. 



Coated sample 
exposed to SR in 
contact to chamber 
through RF seal

PEP-II LER side
RF seal location

RF seal provide both RF sealing and 
thermal contact (Synch radiation 
load = 1W/cm at 4.7A)

SEY TESTS TiN and NEGSEY TESTS SEY TESTS TiNTiN and NEGand NEG

Expose samples to PEP-II LER synchrotron radiation and electron conditioning. 
Then, measure Secondary Electron Yield (SEY) in laboratory. Samples 
transferred under vacuum.

Complementary to SPS and KEK studies



SEY GROOVE 1 GROOVE 2FLAT 1 FLAT 2

COLLECTORSENERGY ANALYZER

THERMOCOUPLES

GROOVE CHAMBERS EXPERIMENTSEY TEST STATION

PEP-II test chambers installationPEPPEP--II test chambers installationII test chambers installation



SEY test station in PEP-II LERSEY test station in PEPSEY test station in PEP--II LERII LER

45o position

0o position



SEY test station in PEP-II LERSEY test station in PEPSEY test station in PEP--II LERII LER

45o position

0o position



Fin/Flat TiN chambers in PEP-II LERFin/Flat Fin/Flat TiNTiN chambers in PEPchambers in PEP--II LERII LER

Fin chamber

Flat chamber



Rectangular groove chamber

Rectangular fin aluminum chambers (extrusion) and TiN coating



Secondary Electron Yield Measurements at SLACSecondary Electron Yield Measurements at SLACSecondary Electron Yield Measurements at SLAC



Grooved chambers



Collector signals vs PEP-II LER current

Collector signals vs PEP-II LER current

electron detector signal in stainless steel SEY test chamber is a factor 50-100 
larger than in grooves and flat TiN chambers. Photoelectrons signal in flat is 
lower than grooves due to surface ratio..?! LER current is .. still raising up to 4A

Stainless steel chamber

Groove TiN chamber

Flat TiN chamber
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SEY test chamber



Analyzer Current vs. Retard V

(15 minutes or so)

Ring Current



ONGOING TESTS AT SLAC:

Projects

Design2008PEP-II LER PR12BENDFINS TRIANG.

Design2008PEP-II LER PR12BENDCLEARING 
ELECTRODES

Coating of 
extruded Al 
chambers 

November 2006PEP-II LER PR12STRAIGHTFINS RECTANG.

ReadyNovember 2006PEP-II LER PR12STRAIGHTSEY TESTS

StatusReady for 
INSTALLATION

LOCATIONTEST in

ONGOING PROJECTS:



Remedies against ecloud: clearing electrodes   
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Bunch spacing = 6ns Bunch spacing = 1.5ns !!



Test Chamber Assembly, 1.5M Long (59.00”)

Vacuum Tube, 

4.00 OD x 3.50 ID

6” CFF, Rotatable

6” CFF, Non-Rotatable

Feedthrough, 
Ceramtec #1084-01-W

Vacuum Tube, 3.75 OD x 3.51 ID



Test Chamber with Electrode

Electrode, Copper 
0.063” x 2.0” x 50.0”
(49.606” between 
feedthrough centers)



Rpipe

φ1

h3 t

LTOT

LTAP

h1

h2

First 
discontinuity

Dimensions:
LTOT≅630 mm
LTAP≅115mm
Rpipe=44 mm
φ=60 deg
h1,h3,h3=5 mm
t=2 mm

1st Geometry: 2 Ports 50 Ohm
2nd Geometry: 1 Ports 50 Ohm

David Alesini, Frascati, Feb 2007



A. Krasnykh, SLAC, February 2007Frascati results

HFSS Results on Copper electrode 
stainless steel chamber

Long. Impedance: power deposited to electrode ~10W with PEP-II beam, and 
~2W for ILC DR beam



L. Wang, SLAC
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Smoother tips spoil effectiveness 
of grooves (POSINST)

Spoiling effect of smooth groove-tips can be compensated by 
making the grooves deeper.
Generally,  a finite groove-tip radius enhances dependence             
of groove effectiveness on groove height

Max of cloud density vs. groove-tip radius
for two groove height hg

Max of cloud density vs. height hg
for 3 choices of groove-tip radius



Triangular groove chamber



M. Pivi SLAC -February 20, 2007

59”~25”

tapered 
chamber 1

φ 3.5” φ 1.73”

Grooved 
chamber?!

Clearing 
electrode 
chamber

spool 
chamber

Layout installation – in PEP-II

(D-BOX)

tapered 
chamber 2

BEND BEND

D-BOX=diagnostic box, electron detection centered on BEND and 13.5” long

Chamber 
cross 
section

22”
(D-BOX)

BEND BEND

Proposed reduction 
in chamber diameter



Simulation plans for FY07 /FY08

At SLAC, developing self-consistent simulation code including e-cloud build-up and 
beam instabilities. It allows: parallel computation (Message Passing Interface - MPI), 
tracking the beam in a MAD lattice for ILC DR, interaction with cloud at each element in 
the ring and with different cloud distribution, single- and coupled-bunch instability 
studies, threshold for SEY, dynamic aperture and frequency map analysis, tune shift ... 

MAD deck to track beam 
with an electron cloud at 
each element of the ILC DR.

Bunch at injection



CMAD status

First results: few synchrotron oscillation periods (9min * 320 CPUs / 
turn) CMAD tracking, ILC DR beam at extraction, with average 
cloud density 1e10 e/m3  (below threshold).

Electron cloud distribution in bends 
and straights (so far from POSINST)

Beam-cloud interaction: resolve pinching and kick bunch particles at each element 
in ring, with given electron cloud distributions in different elements (wigglers, bend, 
quad sext fields). Completed. Single-bunch instability preliminary studies ongoing.

Electron cloud build-up (SEY, vacuum chamber, etc.) to be added soon.

Bottleneck => in ILC DR, beam aspect ratio reaches σx/σy=200, demanding Particle 
in Cell grid ratios num-gridx >> num-gridy, to correctly simulate Electric field.

νs=0.067
e- density 1e10 e/m3

macrop=100000
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