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Summary %

« Description of the electron-cloud effect (ECE)
« R&D work at LBNL

* Plans for the future

« Conclusions

I am grateful for collaboration and discussions over time with: A. Adelmann, G. Arduini,
V. Baglin, M. Blaskiewicz, O. Briining, Y. H. Cai, R. Cimino, R. Cohen, I. Collins, F. J.
Decker, A. Friedman, O. Grobner, K. Harkay, S. Heifets, N. Hilleret, U. Iriso, J. M.
Jiménez, R. Kirby, G. Lambertson, R. Macek, A. Molvik, K. Ohmi, M. Pivi, C. Prior, A.
Rossi, G. Rumolo, D. Schulte, P. Stoltz, J.-L. Vay, S. Y. Zhang, A. Zholents and F.
Zimmermann.
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What is the ECE e i

« Beam produces electrons
— photoelectrons from SR radiation (beam going through bends)
— ionization of residual gas
— stray beam particles striking the chamber
« Electrons get rattled around the chamber from multibunch passages
— especially for intense positively-charged beams

— this may lead to significant secondary electron emission from the chamber walls
(esp. aluminum)

 Possible consequences:
— dipole multibunch instability (bunch-to-bunch coupling)
— emittance blowup
— gas desorption from chamber walls

— excessive energy deposition on the chamber walls (important for superconducting
machines, eg. LHC)

— particle losses, interference with diagnostics,...
 In summary: the ECE is a consequence of the interplay between the beam and
the vacuum chamber

— many ingredients: beam intensity, bunch shape, fill pattern, photoelectric yield,
photon reflectivity, secondary emission yield (SEY), vac. chamber size and
geometry, ...
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Observations ceceerd]
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« ECE has been observed at many machines:
— PF, PEP-Il, KEKB, BEPC, PS, SPS, APS, PSR, RHIC

* undesirable effects on performance, and/or
 direct observation (dedicated e~ detectors)

—expected at LHC, SNS, NLC DRs

 For bunched beams: ECE encompasses:
— beam-induced multipacting (BIM) (ISR, mid 70’s)
 multibunch effect
— trailing-edge multipacting (PSR, since mid 80’s)
» single-long-bunch effect

* For coasting beams: ECE encompasses two-stream
instability (since mid 60’s at BINP, Bevatron, ...)
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Importance cecee?]
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« ECE was significant at PEP-Il and KEKB

— dominant sources:
« photoelectrons (KEKB)
« secondary electrons (PEP-Il)

— decision to TiN-coat the PEP-Il et vacuum chamber
(@aluminum has high SEY!)

— current performance level could only be reached after
controlling the ECE

« ECE limits performance of PSR at high current

 Future machines:
— LHC, SNS, ILC damping rings
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Importance (contd.) ceceen]
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« 1997: realization that the LHC would be subject to an ECE

— first proton machine with significant synchr. radiation:

" 3hc _
critical energy of photon spectrum: Eui: = _2; v* = 44.1 eV

2 NG =04 photons/proton/bend

2 \,§

iIntensity: N,/ =

— main concern: excessive power deposition
— initial estimates: ~a few W/m, vs. 0.5 W/m cryo capacity
— “LHC crash program” started 1997
— main sensitivity: SEY
— current consensus: peak SEY must be <~1.1-1.3
* but parameter sensitivity not fully explored

« ILC: damping rings subject to ECE

— main concern: wiggler regions
— peak SEY must be <~ 1.2
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Controlling the ECE ceeeey]

 Weak solenoidal fields (~20 G)

— B field confines electrons near the chamber, away from the beam
« used extensively at KEKB and PEP-II
« significant improvement in performance

« Tailoring bunch fill pattern

IBERKELEY LAB)

— add strategic gaps in the train
 used at PEP-Il for a while, before solenoids

« Vacuum chamber geometry

— transverse grooves (LHC beam screen): suppress photoemission
(by ~x2)
— longitudinal grooves (SLAC tests): suppress effective SEY (~x2)
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Lowering the SEY .

BERKELEY LAB ‘

 Low-SEY coatings
- TiN (used in PEP-Il, SNS; tested at PSR)

- TiZrV: studied at CERN
* fully suppresses multipacting after activation (SPS tests)
« used in RHIC warm sections (“works better than solenoids”)
» will be used in LHC warm straights
« drawback: cannot be used in cold regions (needs activation ~160-200 C)

* SEY decreases with e- bombardment: “scrubbing”
— self-conditioning effect

« SPS ECE studies:
— ~5 years of dedicated EC studies with dedicated instrumentation

— scrubbing very efficient; favorable effects seen in:
* vacuum pressure
* in-situ SEY measurements
* electron flux at wall
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Work at LBNL eceey]
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« LBNL is an early player in the field of ECE simulations and analysis
— since 1995: have developed code “POSINST”
* incorporates a detailed SE model
* in good agreement with measurements at APS and PSR
— but many input parameters not well known
« code is 2D, and not self-consistent
— EC 1s dynamical, beam is not
— OK for stable (or mildly unstable) beam, and short sections of a ring
— applied to PEP-Ill since 1995
» results led to TiN coating decision of LER vacuum chamber
« ILC damping rings (A. Wolski’s talk)
— simulations (started by M. Pivi, now at SLAC)
« concern: wiggler sections
— low-SEY coatings (TiN, TiZrV, TiCN)
« coupons prepared at SLAC, we do the coating, SLAC analyzes
— grooved surface bench tests
« Measurements at PEP-Il (J. Byrd’s talk)

— microwave transmission through e-cloud
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Work at LBNL: collaborations 7 1

« APS, PSR, RHIC and PEP-II
—code benchmarking and analysis of data
« CERN (since 1997)
— within the context of the US-LHC program “LARP”
— we are the lead lab for EC physics within LARP
— code comparisons
— analysis of SPS measurements
« AMAC group (here at LBNL) (R. Ryne’s talk)

— 3D self-consistent code “PARSEC”
 A. Adelmann (now at PSI)

« Tech-X Corp. via an SBIR

— CMEE library: general-purpose modules for:
« SE, based largely on our SEY model
* jon-wall emission,...
 license agreement: free for non-commercial applications

« Lead institution for ECLOUD’04 workshop (April ‘04)

http//i d & ed oud04. web. cer n chi cf & ed oud04/
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Work at LBNL: LDRD -
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BERKELEY LaAB ‘

“Electron Production and Collective Field Generation in Intense Particle Beams

« LDRD (coordinated LBNL-LLNL) since Oct. ‘02
— ~$120k/yr (LBNL) + ~$180k/yr (LLNL)
— supports EC work at CBP and HIF, and LLNL
— FYO05 is 3rd (and last) year
— integrated program (simulation, diagnostics and measurements)

— produce a 3D self-consistent code
« based on code “WARP” (self-consistent, parallel, MAD input,...)
« add POSINST e-emission models, gas, ionization,..
— centered around the HCX driver at LBNL
 E=1.8 MeV K* ions, ~10-m long machine
« detectors: electrons, gas, ions at the wall
— HCX can be simulated end-to-end!
— main goals:
* measure various quantities (e- and gas yields, ion-wall scattering,...)
- validate code and understand EC details via comparisons against expts
 ultimately: predictive simulation tool of general applicability
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The HCX driver for HIF o

Focus of Current
Gas/Electron Experiments

E~1-1.8 MeV K* ions
N~1013/pulse

INJECTOR MATCHING ELECTROSTATIC MAGMNETIC

SECTION GUADRUPOLES GUADRUPOLES
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WARP+POSINST code structure 7~ :

BERKELEY LAB
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o wal \ |0V gas transport
wall volumetric / u

(ionization)
eslgﬁ’f‘rgen electron iz, charge exch.
\ \ source
D electron d ' - i
ynamics —® sinks
(full orbit; interpolated drift)
n

e

Key: operational; implemented, testing; partially implemented; active offline
development
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Invention of an efficient electron integrator —_ |
(R. Cohen et al.) ':}|

‘ml

* Problem: wide range of time scales (electrons move fast!)
* = brute force integration requires small At when B = 0 = slow

« Our solution: interpolation between full-particle dynamics (Boris mover) and
drift kinetics (motion along B plus drifts).

dv dv
Vypew = Vora + At ( ) + (1 - Of,) (—)
dt Lorentz dt uV B

Vess=b(b-v)+av, + (1 —a)vy

1000 T T
« Particular choice: a=1/[1+(n At/2)?]'? gives /c
— physically correct “gyro” radius at large L)
oAt o N I At
— correct drift velocity and paraliel % | | ii’:grep
dynamics small At \| || (new)
* Ref. Cohen et al, Phys. Plasmas May '05 (brute fo N
+ Test problem: 2 stream instability of counter-
Parker

. . b Boris/
streaming pencil (10 gyroradii) beams 1 | M m v
~| L

Speed-up by ~x25, ~no loss of accuracy o1 | 5
is)
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HCX show ion phase space similar to the experiments r
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HCX measurement 0.05 T T T 0.05—T—T— — T
Phase space reconstruction " electron suppressor: on pressor: off
from scintillator images of slit
scan

WARP/POSINST e-i simulations of the 4 magnet section of /*\l

0.8

3-D WARP simulation with:
Electron desorption at end wall
matching desorption rate from
separate experiments.
Secondary emission when
electrons hit radial pipes.

NO local sources of electrons

1 -¢.6

i 04

0.2

0,05 — - - - - 005 Lt L L 0
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Gas desorption / electron emission measurements;}| ‘.”.\.‘

BERKELEY LAB

150
Gas-Electron Source Diagnostic  ; | Electron 3
(GESD) S o[ €emission coef.
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ST e Rough
i Rough surface
6 o C) C) e o e 8
0 +————p— e
80 82 84 86 88 90
Angle from normal (deg)
10,000 "
_ Gas desorp. .3%.
S . s
\ A IS * Smooth
Tiltable target 2 5000 = Rough
o
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Future Plans ceceerd]

BERKELEY LAB

* More thorough simulations for reliable predictions
— even with 2D code POSINST

— explore parameter dependencies and sensitivities

eg., LHC power deposition is sensitive to the spectrum, not just the
yield

— remaining questions here and there

« why was TiN coating at PEP-Il not enough?
« EC at Tevatron (?)

* Predict LHC heat deposition and optimal “conditioning scenario”
* Predict and analyze RHIC measurements

— CERN-style detector to be installed this summer
« Tech-X CMEE library needs to be expanded:

— parameterize more materials, fix many variables (so far, SEY model
only for Cu and St.St., and even these are not fully analyzed)
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Future Plans-contd. ’\| A

BERKELEY LAB

* 2nd generation simulation codes (3D, self-consistent)

— WARP+POSINST, PARSEC
* many pieces exist; need to integrate and validate
« “QUICKPIC” code (UCLA/USC) is half-way there
* we can do better!
 These codes will allow:

— realistic model (beam, electrons, gas, magnetic lattice, surface
effects, magnetic edge effects,...)

— e.g., simulate a portion of the LHC arc (1 FODO cell coming soon!)
* keen interest from CERN people

— assess effects from the 3rd (z) dimension:
« electrons survive for ~1 s at SPS! (quadrupole trapping? dissipation?)
 clearly important for PSR and other long-bunch machines

— assess interplay between gas desorption, ionization and secondary
emission

e circumstantial evidence from SPS
* is secondary ionization important?
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Conclusions cecee?]
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BERKELEY LAB

 The ECE is an ubiquitous phenomenon for intense beams
« Spans broad range of charged-particle machines
« Significant investment in our work from non-HEP:
— e.g., APS, PSR, RHIC and HIF
« Significant institutional investment (LDRD support for ~2.5 yrs now)
— LDRD ends this FY
« Main goal for next ~2 yrs:
— continue with applications (tests at RHIC, predict LHC, ...)
— deliver a validated, reliable, predictive simulation tool
— lots of parameters in the model; need to test methodically
 Beyond 2 yrs:
— apply to LHC and ILC in more detail

« ECEs should be understood before LHC commissioning at full intensity
* incorporate mitigation/control techniques in the ILC design if possible

« HCX s a unique test resource
— developments have been important to field of EC as a whole
— highly desirable to continue this effort
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P A S8d, A WMalvik E M Beriosek, R H Cohen, A Fdtens, A Riedman, M Kredf Covo, S M Lund,
L Post, J-L Vay, "Intenselon BeamTransport in Magnetic Quadrupd es. Experi nents on Hectron and Gas
Efects" 33 d Advanced Beam Dynanics Workshop on Hgh lrtensty & Hgh Bri ght ness Hadron Beans "l CFA
HB2004" (Benshem Ger many, Cct. 18-22 2004).

P. Sdtz S Vdtzer, A Rideaux, M Furman, J-L Vay, R H Gohen, A W Molvik "The CMEE Librayfa
Conputer Modding d lon- Mat erid Interadtions,” 33 d Advanced Beam Dynam cs Workshop on H ghlrtensity
& Hgh Bightness Hadron Beans "I GFA HB2004," (Benshe m Ger many, Crt. 1822, 2004).
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Selected Meetings and Websites ...

Meetings Fully or Pertidly Dedi catedto B ectron O oud Some Websites Dedicatedto Hectron-d oud Physics
Physi cs

H ectron Goudinthe LHC ( CERN):

Santa Fe Workshop on Bectron Bfectsin Hgh Qurrent Frton Rngs, SNS LANL (Santa Fe, htt p// vwwsl ap. cer n chf cdl ecti ve'd ectron-d oud dectron-d oud ht ni
NM Mar 47 1997); LA UR 98 1601

Wor kshop on Multi bunch I nst akilities " MB 97" (KEK, Tsukuba, Japan, Juy 15 18 1997); KEK Two-streami nstablity stud es & PPPL:
Proc. 97-17 (1997); http// wa. ppd. gov/ ~nnpg TwoSream ht m

htt p// wwww acc. kek.j pf www acc- exp’ Conf erences/ MBI 97- N VB 97.ht nh
Hectron Coud Stud es & the Advanced Phat on Source (ANL):

| CFA Workshop on Two- Sreamlnst alilitiesin Partide Accd eratars and Sorage Rngs (Santa htt @ // www aps. anl. gov/ asd physics/ ed oud ed oud. it nh
Fe, NM Feb 16-18, 2000); htp//www aps. arl. gov/ corf erences/i o a/t wo-stream bt nh

A . Conparison d Hedron- Goud Smul ai ons (CERN):
Irt'l Workshop on Two- Sreaml nstahilitiesin Partid e Accd erad as and Saage Rngs (KEK . .
Tsukuba, Japan, Sept 11-14, 2001); htp//corf erence kek j p't wo- streamt htt p// wwwsl ap. cer n chf cdl edti ve'ed oud02 ecs nfindex. ht nh

20th1 CFA Advanced Beam Dynamcs Workshop on Hghlrtensity Hgh Bight ness Hadr on
Beans "HB2002" (Fer nil ab, April 812 2002); Htp:// www bd.fnd.gov/i o & wor kshops/ 20/

M ri- Workshop on Becron Coud S mu aionsfa Praon and Positron Beans " ECLOUDO2"
(CERN Apil 1518 2002); htp//d ap. cern ch cdlecti vel ed oud02

13th| CGFA Beam Dynanics Nini-Wor kshop on Beamlnduced Ressure Rsein Rngs ( BNL,
Dec. 912, 2003);

htt p// www c-ad bl . gov/i d &

31st | GFA Advanced Beam Dynani cs Workshop on Hectron G oud HEfeds"ECLOUD0O4"
(Napa, Cdifana, April 19-23 2004); htp//idaedoud04. web. cernchlid a ed oud04/

33rd | CFA Advanced Beam Dynamics Wrkshop on Hghlrtensity and Hgh Bightness Hadron
Beans "I CFA HB2004" (Benshem Ger many, Qctober 1822, 2004)

htt pr// www gsi. de/ sear chf event &/ conf er ences/| CFA- HB2004/i ndex_e. it nh

Frst CARE HHH- APD Workshop on Beam Dynamicsin Fuure Hadron Cdliders and Rapdy
Cyding Hghlrtensity Synchrarons " HHH2004" (CERN 8 11 Novenber, 2004);

htt p// car e hhh web. cer n ch/ car e-hhi/ HHH 2004/
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Our mission... ceeeeny

- | @D

'1 | ¢YCLOTRON

*CrQTCIES, PARTICLES, PARTIcLes ™
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Backup material e §
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Electron Cloud Effect (ECE) ceeee) ;

* First seen for a e* beam at PF (KEK) in 1994:

—qualitative difference in coherent spectrum of e* vs. e-
multibunch beams under otherwise identical conditions:

0.002_-------......—1—-:.;.,!:

0.15 | T L R S S B
T 21N . Electron . H 5 ' :
E 0.0015 N ff. . Uniform filling 1 = L i Positron; i
S o001 B L h=2h+k Meelp 0 1=354 mA ] - 0.1 B b _Uniform filling....... .|
% 0001 - : “F 1=324 mA
_ E =3h+1 &

§2 0.0005 R c > |
¥ 0 @3 i
ot ] 3 [zawa, Sato &
3 electron beam spectrum . o> ; i T I Toyomasu, PRL
2 ||, n=2h-1 nfefy ] 2 " _positron beam spectrum .. k
R /s TR I O R = oo | mspectum.. 745044 (1995)

] I n=3h-1" < P ; ]

-0.002 Hau | TR RT T T ST SR BT TR 01 I T T D T
1000 1100 1200 1300 1400 1500 500 600 700 800 900 1000
Frequency (MHz) Frequency (MHz)

FIG. 1. Distribution of the betatron sidebands observed during FIG. 2. Distribution of the betatron sidebands observed during
electron multibunch operation with uniform filling. positron multibunch operation with uniform filling.

* Fast multibunch instability for e* beam:
— insensitive to “clearing gap”
— sensitive to bunch spacing
— electrons in the chamber were immediately suspected
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PSR Layout N

Circumference = 90m
Beam energy = 798 MeV
Revolution frequency =2.8 MHz
Bunch length ~ 250 ns (~63 m)
Accumulation time ~ 750 ms
~2000 turns

4 11/17/00 RIM_ICANS-XV.ppt
Los Alamos Neutvon Science Center
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PSR instability ceceee?]

(R. Macek)

BPM AV signal
\ CM42 (4.2 uC)
el 1 (Circulating Beam
: Chamel 2 Current)
AL 876 ps P 1.141 kit T/dv 208 Ch2 '3 ¥ -
Trig 20.0 V +EXT/10= (200 ].,lS/le)

SRZEANR =304 137 KV Pt

Growth time ~ 75 us or ~200 turns
High frequency ~ 70 — 200 MHz
Controlled primarily by rf buncher
voltage

aseesssssssssssssss L AWRENCE BERKELEY NATIONAL LABORATORY I



r

A
Ul
* Bunch length >> At

— a portion the EC phase space is in resonance with the “bounce frequency”
— “trailing edge multipacting” (Macek; Blaskiewicz, Danilov, Alexandrov,...)

PSR: benchmark code POSINST ’\l

ED42Y electron detector signal
8uC/pulse beam

1.8
16 L Beam current {arhitrary units) | 500 [ ,-":‘ \ PR (arhilr&:i;ﬁgn signal
14 L yS pA/em? ] = | J \ / |
E 12 L electron signal ] g 400 __". ‘7\_
> # Q | ’_," \
‘E 1.0 s = 300 - ;
= = ; | _
= 08 - g - (010=2-05)
g o6 | e
= ;
047 ';:u) 100 [
02 | °
an # {)| < TRy, o
0 50 100 150 200 250 300 350 400 3200 3250 3300 3350 3400 3450 3500 3550
Time (ns) . Time (nsec) o
measured (R. Macek) simulated (M. Pivi)
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Beam-induced multipacting (BIM) ’\l

BERKELEY LAB

A
||||

» train of short bunches, each of charge O=NZe, separated by s,
* At = ¢ chamber traversal time

» b = chamber radius (or half-height if rectangular)

ZNr. sy : £ 115
The parameter G = 7 defines 3 regimes: re = =——==282x10""m

< 1 short bunch spacing (s /e < At)
G { =1 resonant (BIM) (s,/c = At)
> 1 long bunch spacing (s /¢ > At)

If G=1 and J.> 1, EC can grow dramatically (O. Grobner, ISR; 1977)
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Conditioning effects: beam scrubbing,:,:",",}|

/\
i

« PSR “prompt” e~ signal (BIM) is subject to conditioning:
—signal is stronger for st.st. than for TiN
—sensitive to location and N
—signal does not saturate as N increases up to ~8x1073

—conditioning: down by factor ~5 in sector 4 after few weeks (low
current)

« PSR “swept” e~ signal is not:
—signal saturates beyond N~5x1013
— electron decay time =200 ns, independent of:
N
* location

« conditioning state
« st. st. or TIN

* Tentative conclusion: beam scrubbing conditions ¢, but leaves §0)
unchanged
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Conditioning effects—contd. _—

_ _ Copper SEY (CERN)
« Consistent with bench .
results for Cu found at - Cuas
CERN' received
— the result §0)=1 seems b
unconventional 8
— if validated, it could have a 1.0

significant unfavorable effect Cu fully scrubbed

on the EC power deposition in 050

the LHC
 because A0) controls the
dissipation rate of the EC 0.0 o "'1'm;"""'i'i'“']“' mm
« large o(0) <electrons Frimary energy (eV)

survive longer in between (R. Cimino and I. Collins, proc.

bunches ASTEC2003, Daresbury Jan. 03)
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LHC EC power deposition cecees i

(F. Zimmermann - ECLOUD’02)

o~
--ﬂ—.:A_-QT

(@3]
T
O
3
3
il
(1@
|

heat load (W/meter)

NI
|
™
_
Y T
\h 3 o
\ (&%)
—_—— B -
— I
h! o -
%
2 \
3
|
N

cooling
capacity

S S R S ST RT Y IMN; '(11'661'0)
Simulated average L HC arc heat load and cooling capacity as
a function of bunch population N, for various d,,,,.. Other
parameters are €,,,, = 262 eV, R = 5%, Y = 5%, and elastic
electron reflection included. Average: {4, = 3 x 14.3 m,

larige = (3 X 1.36 + 2.425) m, lyyaqa = 4.045 m.

Sensitive to model for secondary emission (peak SEY, spectrum,
fraction of elastics/rediffused/true secondaries)
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BIM in the APS: benchmark code POSINST _—r

120

APS, positron beam
100 /\ Detector Current vs. Bunch Spacing

2

aver. electron-wall current [nA/ cni]

(10 bunches, 2 mA/bunch in all cases;
nmeasurenents courtesy K. Harkay, ANL)

80
region of BIM
sg=d?/ (1 N), b<d<a
60 /

2l NV

KX [measured || gjmulated

K / (code POSINST)

40

g

20
*/[ N
\
—
0
0 5 10 15 20 25 30 35

bunch spacing sg [ RF buckets]

et beam, 10-bunch train, field-free region (Furman, Pivi, Harkay,
Rosenberg, PACO1)
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Two sample measurements of the SEY ’\l ;

T T T T T T T T T T
Aw’—m [Copper sanple (HilTeret data) | [ Stainless steel sanple (data R Kirby) |

2.0 L 2.0

— fit (Furman-Pivi)
+ neasured data 1.5

+ neasured data (R Kirby)
— nodel fit (Furman-Pivi)

o Cu " St. steel

EOt spk=276. 812
dt spk=1. 8848 =
Egvm 581. 54033 Eg: §p8:310
t s= =
Plepk=0. 496229 ‘Séif?;i: S
0.5} Plei nf=0.02 0. 5--p1epk=0. 5
Egaggo Plei nf =0. 07
EOW=60. 8614 Egﬁgic_).oe
Plrinf=0.2 EOw=100
Ecr =0. 0409225 Plrinf=0.74
qr=0. 104045 Ecr=40
qr=1
0.0 ' ! §-0 :
0 100 200 300 400 500 600 700 800 900 100 0 100 200 300 400 500 600 700 800 900 1000
EO [eV] EO [eV]

caveat: samples not fully conditioned!

(N. Hilleret; R. Kirby)
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Secondary emission spectrum

 Depends on material and state of conditioning

—St. St. sample, E;=300 eV, normal incidence, (Kirby-King, NIMPR
A469, 1 (2001))

0. 08

0. 06

0. 02

0. 00

: Secondary energy spectrum
[ st. st.

E0=300 eV, nornmal incidende

true secondar|es §
(area[O 50] =1. 17)

backscattered H
(area[295 305] =0. 12)

[\ § .............. redlffused :

~

' A
(reeeee

u1
[BERKELEY LAB)

0 50 100 150 200 250 300

Secondary el ectron energy [eV]

st. steel sample Cu sample
0=2.04 o=2.05
0.,= 6% 0.,= 1%
0.=37% 0.= 9%
0 =37% 0, =90%

0. +6.=43%

— Hilleret’s group CERN: Baglin et al, CERN-LHC-PR 472.
— Other measurements: Cimino and Collins, 2003)

0, +0.=10%
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Key simulation invention: large At electron pusher —

for non-uniform B-fields (eg., quads) (R. Cohen)

large o At and also produces correct drift velocity and parallel
dynamics.

« E-cloud produced by injection (at t=0) of T=10 eV electrons uniform out
to nominal beam radius (e.g. ionization of neutral gas). Not stationary.
Snapshot at fixed time (~50 t,,,,ce):

 Factor ~25 increase in speed, little degradation of accuracy

small &t

interpolated mover

.02

0.00

-0.02

brute force

-0.02

I
0.00
¥

meeeseesssssssssss L AWRENCE BERKELEY NATIONAL L ABORATORY S
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- -0.02

new method

002 0.00 0.02
o

0.02

0.00

-0.02

_Boris/Parker-Birdsall

-0.02

. I .
0.00 0.02

X

Freeoeer ‘l

« Choice a=1/[1+(w At/2)?]"? gives physically correct “gyro” radius at

=
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HCX instrumentation to carry out electron cloud -~
(and gas desorption) experiments ‘m‘

BERKELEY LAB

Slits &
- I H
‘ Faraday Cup \ © clearing e- suppressor

Electrodes
: QI7-10 D2 (-10 kV)
Electrostatic transport \ - (+9 kV)
W MAI M A3 MAA4

v =] 7 ¥§ I WS I Q§ ‘Q\\\Q . & T_ o
s - > [0 ojlfo/»:
© | | L A i N i
Magnetic transport |

Optical ==
Diagnostics | 1 MeV, 0.18 A, t = 3 ps, Slits, Faraday cup,

6x1072 K*/pulse Optical Diag.

//\l B N N i I I
::)Ia.gdnobs tics tiltable target g:zileec"on
nside beam TR ~=—m _ _
tube: 4 @ = Diagnostic
capacitive - (GESD)
monitors, e~
probes,...
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