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MULTIPACTING AND REMEDIES OF
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Energy Gain of multipacting electron &
Mechanism of trailing edge multipacting (SNS/BNL Note 132)

Electron energy when a multipacting electron hit the wall _
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Electrode clearing effect vs. Clearing voltage (PRSTAB, Vol7:034401,2004)
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e-cloud density vs. clearing fields

»  Weak field(~200V) is very helpful
» Strong multipacting at 2kV, which could be stronger than zero field case
» Cooperation with LANL PSR

L. Wang 4/20/2004 | 31 BNL



ELECTROMN - cLouD Mopur e For
THE ORRIT coDe
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INTEGP ATION ©OF ELECTRoL Ctoul [Mro
ORBIT

ORBIT IS A PARALLEL ACCELERATOR
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| m.._s:_m:o: Approach

&

=248 m and about 1000 turns_

‘We have to simulate a building up an electron cloud, its dynamics, its effect on a
proton bunch during the whole accumulation period or at least for several turns to

detect the development of instability.
*We are going to use PIC method for both p
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E-Cloud Module in the ORBIT Structure wzm

2. SOURCE

- ORBIT Electron Cloud Module

*The ORBIT E-Cloud Module is a collection of C++ classes. Only three classes
connect the E-Cloud module with the original ORBIT code, so the module can
be easily modified to use in other accelerator code or independently.

*The special efforts have been made to provide the possibilities for an extension
of existing classes and improvement of the models.



SIMUL ATION OF E-CLoUD USING

ORBIT : BEMNCHMARKS AND FIRST
APPLICAT IOA)
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Two stream model in ORBIT, cont. |

“To reduce the calculation time, we mo_onﬁ the periodic structure of PY™Y
L=248m/178=1.393m having 20 longitudinal nodes. N, =4,L=3.241x10"

Initial proton bunch
KV distribution (Rp=30mm) —needs very (32 points) symmetric structure
0.01mm centroid modulation (slow wave) in vertical direction
more than 400,000 macroprotons to satisfy at least 10 particles/grid-cell

Initial electron cloud
KV distribution (Re=26mm) —needs to regeive linear force inside p-bunch
400,000 macroelectrons with 4, = i w\ﬁ
Am \m v a0 ot moge < 0-01mm centroid modulation in <m2_om_ a__,moco:
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Two stream benchmark (ORBIT Simulation), cont.

SNS

oz SOURCE

T SPALLATION
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The ORBIT growth rate is

Growth Rate vs. Neutralization Factor about 20% lager than the
0.20- theory.
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EAJERGY SPECT RUM OF ELECT RON

CLoUD wITH SHORT BUMNCH
LANEA WANG
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Measured energy distribution of electrons
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SOLENOID EFFECTS oN
ELECTRON CcLouD
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WEAK SoLENGIDS CAN SUPPRFSS
MULTIPACT M6
SHORT BUMCHES
LoNG BUNCHES

KEEPS ELECTRONS CLOSE To
suREACE

MORE FREQUENT H(TS
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ELECTRON CLoUD GIVES RISE To
WAKE FIELD
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The m\w@q,\ of Solenoid configuration effect--- (SNS)
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The more uniform the solenoid
field, the more effective the
confinement.
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x Aom Vertical Wake with mo_mzo& 10G

A ,=10.12m, 2 ,=108m
f,=29.65M, f,=2.8M
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MODELING ELECTRof; crLouD
EFFECTS [0 HEAYY |on

Acc ELER AToOPS

Polh) CoHEA

BEAMLINE Fucr oF QUADPUPOLES

ELECTReNS ¢ 44) LERVE QUADS JN) PULSE

ONISATION + jon) Logses —> ELECTROLS
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RESONANT perturbations are more damaging: 0-10%
sinusoidally varying n. resonant with breathing mode

30

% beam loss
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. wavenumbaer

ssmmmmmemmssE  The Heavy lon Fusion Virtual National Laboratory s

R. Cohen, PAC03, TOAAO10 -16-




Interpolated model reproduces the e-cloud
calculation in < 1/25 time

»  Compare full-orbit model, At=.25/f_,, with interpolated model

with At 25 times longer

e Rt
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THE CMEE LIBRARY FoR NUMER]C AL
MeDELING OF ELECTRON EFFEcCTS

PETER ST OLT?
COMPUTATIONAL MODULES OF

ELECTRON EFFECTS

MAKE WUSEFULL RBouT/MVES AVANL ABLE

-3 SAVES WoRK (TESTING)

—> BETTER COMPARABILITY
= SIMPLER UPDATES
—> BETTER S/MULAT (0R/S

RouUTINES AV AILABLE:
POSINST SECONWDARY ELECT ROAS

To CoME:

Io- /INDUCED ELECTRONS
MEUTRAL DESoRPTION

IMPACT oM 1S A4T 164
loN) Sc ATTERIj6

ENERGY LcsS
EASY [NST ALLATION
Ctt, FORTRANV  PYTHol) To CoME
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USE OF MAPS FOR EXTFLORAT /of/

OF ELECTRON Cloulp PAR AMET ER
SPACE

UBALD O [(RISO

AIM: OPTIMIS ATION OF BUKNCH PATTERN)
IN RHIC

FuLL SIMULATION VERY TIME
CONSUMING

TRICK: USE MAPS FROM
SIMu L AT/eN
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2. Can the EC be represented by

mar
. W =:m mou. different N using CSEC (M. Blaskiewicz), and ECLOUD
(F. Zimmermann). This is, results using different SEY parameterization:

.5 Qﬁwﬁ . NQHQQG (Thanks G. Rumolo!)
N= Sﬁa %u — g N=10x10""
3t N=14x10]. ppb —— < . N=14x10,"p —
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8 Py =P o i Pmst = Py —— P e
251 Fisi N0 Ft — e = First N=0 Fit
2t : i U 1.5 4
£
15 1 9 First N=0 cuz
4 . = a |
Vv g " First N=0 curve X
05 - 0.5 N=0 curve (decay) -
| - N=0 curve (decay)
o o5 1 15 2 25 3 3 0 05 1 15 2 2
P (nG/m) P (NG/m)
SEY from Furman & Pivi SEY from Cimino & Collins

CLOUD 04 — 21 April 2004 U. Iriso 6



4. EC phase transitions at RHIC

* (P, N) diagram for the previous case:
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HAS THIS BEEN SiMu L 4TEN
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CODE DEVELOPMENT

APROBLEM \WwWHICH TREQUIRES 4
SIMUL AT )N/

UNDERSTANDING OF THE RELEVANT
PHYSICS

UNDERSTAANDING oF RELEVAILT
NUMERICS AND COMPUT 4T 10A/4(_
PRoCEDURES [ PRo BLEAMS -

(MPLEMENTAT I60) of CoDi=
BENCHMARKIA G, Wi T

= AVALYTIC ModeLs
= OTHER CoDEs
~ EXPERIMENT ¢

MAKING PREDIcTI0N/S



REL EVANT PHYSICS

PARTICLE MoTiok) AND FIELDS
ARE WELL UA) DER ST ooD

SURFACE PHYsICS IS PROBLEMATIC

- DIFFICuCT PRORLEM

~ LIMITED KNow LEDGE OF
AcTudL. MATERIAL

CARRY 6uT EXPERIMENTS WITH
WEeELL ENow A) Sur eAcES

A COMMoA) LIBRARY OF SURFACE
SIMULAT IoN) RouT WES CAL BE HELPFUL
(cMEE) |

_ EASY ACCESS FOR CODES

— BETTER BENCY HMHARKING:

~SHoULD CokTAIN CoMPEET MG,
MeDELS

\udidi Al DAD AIMETEPRPS AR /i= RELE\/ANT 2



MUMERICS  AVD CoM PUTERS

CaDES CAN BE TIME Colsu MING

THET MA7 MEED INTEGRATION WMo
[ ABRGER FRAME WeRK

IN PARTICuLAR  INSTABILITIES CAN BE
MUMERICALLY CHALL ANGIVE

=> CAREFULL CHolce oF ALGORI THMe

-5 PARALLEL CoMPUTING

~> MeDULAR DESIQA
- LIBPARY
- INTEGRAT Iok) IMTO EXIST ING CoDE
1S THERE A SINGLE ﬂPPRa{CH 2

WHAT ABouT SELF - CONSISTANCY 2



BENCH MAR KNG

TALKS AND DISCUSSIOR) SAW
BEMCHMARKING AS VITAL

CODE &> FUuLlL ANMALYT(|c MoDEL

DURING DEVELOPMENMNT
—> CoRBECTAJESS oF MoDuUcLEs

OF FutL CoDE
=> INTERTLAY OF MoDucrES
C ODE 4> APPROXIMATE ANALYTIC [MEDEL

CAN INCREASE LEVERAGLE
MoRE DELICATE
CAN HELP To VERIFy APPROX!IMATL

CoDE ¢~ CoDE |
VERY |MPoRTANT

ONLY WAY To VERIFY CoDES
IV THE INTEREST/ING REGIMME



CoDE &~ EXPERIMENT

THE MOMENT OF TRUTH
IWDISPENS IBLE

CAN BE WNExT To [MPoSSIRLE
CAN ALSe BE MislLiE4D/NG

TALKS + DiScuss on:

WE SHouLD FosT ER
BENCH MAP LING oF CODES



How CAN wE IMPRoOVE

BEVCHMAR KING: 2

DEFINE SET OF STAMDART CASES
SOME CASES EXIST

MoRE MAY BE KEEDED

- Toe CoVER ALL RELEVANT
CASES

-To Alilew ALL coDES Te
PARTICIPAT =
-2 MAYBE  SHouLD HAVE 8oAE

INDEPTH DlscuUssior’

CODE CoMPARISON FoR ERAC

MORE AUD IMPROVED EXPERIMENTS
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