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NcTopusi pa3paboTkn nepesapsaHON MHXEKL N
B NAD.

NcTopusa ocBoeHns nepesapagHon UHXEKLNN B
MUpe.

OBbHapyXeHne 3MeKTPOH NPOTOHHOM
HeycTounBocCTU (electron cloud effect).

ObbsAcHeHMe 1 nogaBrieHne e-p
HEeYyCTONYNBOCTMN.

HakonneHue ny4yka ¢ MHTEHCUBHOCTbIO BbiLLe
npegena no NpocTpaHCTBEHHOMY 3apsay.



BaxHeuwune gOCTNXKEHUA
K uncny ocHoBHbIX goctumxkeHun MAD B Hayke N TEXHUKE OTHOCATCA:
B obnactn gu3nkm n TexHONornm yCKoOpuTerneu:

N30b6peTeHne U IKCNepPUMEHTarbHasa NPoOBEpPKa MeToaa rnepesapsaaHon
NHXEKLNN, NPUMEHAEMOro B HacTosdLLlee BpeMdA Ha BCEX KPYMHbIX NPOTOHHbIX
yckoputenax, (1960-1965 rr.);

OTKpbITVE 3PdeKkTa LE3NPOBAHUA-3HAYNTENBHOMO MOBbILLEHUS AMUCCUN
oTpuuaTernbHbIX MOHOB Npu obaBneHnn B pa3psn BEWECTB C ManbiM
NOTEHLMANIOM MOHN3aUNKN, TaKNX Kak ue3nn. PaspaboTka NnoBEpPXHOCTHO
NnasMeHHbIX NICTOYHMKOB OTpuLaTeNbHbIX MOHOB C LIE3POBAHMNEM C
PEKOpPAHbIMU XapaKTepuUcTnkamm, MCNonb3yemMbiMy Ha BCEX NPOTOHHbIX
YCKOPUTENSIX.

B obnactn ¢pu3anku nnasmbl U TepMOAAEPHOIro0 CUHTE3a:

pa3paboTka NOBEPXHOCTHO-MNA3MEHHbIX BbICOKOMHTEHCUBHbLIX UCTOYHMKOB
oTpuuaTesibHbIX MOHOB, MNOSYYUBLLNX LLUMPOKOE pacnpocTpaHeHne BO BCEM
mupe, (1969-1981 rr.);



Budker Institute of Nuclear Novosibirsk State
Physics SB RAS University

WWW.inp.nSk.Su WWWwW.Nnsu.ru

Charge exchange injection was developed in 1960-1965 in INP,
Novosibirsk, Russia




Muons,
Inc.

First project of proton/antiproton collider
VAPP-4, in the Novosibirsk INP (BINP)

Development of charge-exchange injection (and negative ion
sources) for high brightness proton beam production. First
observation and damping of e-p instability.

Development of Proton/ Antiproton conversion with lithium lens.

Development of electron cooling for high brightness proton and
antiproton beam production.

Production of space charge neutralized proton beam with intensity
above space charge limit. Inductance Linac, Inertial Fusion, Neutron
Generators.

Multi-turn injection into rings
Stri;iping . ..
History of ZGS 500MeV Booster. -
www.ipd.anl.qov/anlpubs/2006/05/56304.pdf Frotens =

H* from Linac

I\/?rtin Reiser, Theory and Design of charged particle beam, second
edition.


http://www.ipd.anl.gov/anlpubs/2006/05/56304.pdf
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History of Surface Plasma Sources

Development (J .Peters)
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BDD, G.Budker, G.Dimov, V. Dudnikov
Charge-Exchange Injection ,A. E. 22,5 (1966)




History of Charge Exchange Injection

(Rees, ISIS , ICFA Workshop)
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1951
1956
1962-66

1968-70
1972
1975-76
1977
1978
1982
1984

. 1980,85,88
1.
12.
13.
14.

1985-90
1992
2006
2016

Alvarez, LBL (H-) ;

Moon, Birmingham Un. (H+2)

Budker, Dimov, Dudnikov, Novosibirsk
first achievements; discovery of e-p instability. IPM
Ron Martin, ANL ; 50 MeV injection at ZGS

Jim Simpson, ANL ; 50-200 MeV, 30 Hz booster
Ron Martin et al, ANL ; 6 102 ppp

Rauchas et al, ANL ; IPNS 50-500 MeV, 30 Hz
Johnson R, et al, FNAL ; 0.2-8 GeV, 15 Hz booster
Barton et al, BNL ; 0.2-29 GeV, AGS

First very high intensity rings ; PSR and [SIS
IHEP, KEK booster, DESY lll (HERA)

EHF, AHF and KAON design studies. SSC

AGS 1.2 GeV booster injector

SNS 1.4 MW sources

CERN booster, IFVEE




INP PSR for bunched beam accumulation by
charge exchange injection

1- Fist stripper; 2-main
stripper Pulsed supersonic
jet; 3-gas pumping;
4-pickup integral;

5- accelerating drift tube;
6-gas luminescent profile
Monitor; 7-Residual gas
current monitor;8-residual
gas IPM; 9-BPM,;
10-transformer Current
monitor; 11-FC;

12- deflector for
Suppression transverse
instability by negative
Feedback.

Small Radius- High beam density. Revolution 5.3 MHz. 1MeV, 0.5 mA, 1 ms.

*G. |. Budker, G. |. Dimov, and V. G. Dudnikov. EXPERIMENTS ON PRODUCING INTENSIVE BEAMS BY MEANS OF THE

METHOD OF CHARGE-EXCHANGE INJECTION PROTON, Sov. Atomic Energy, 1966.



General view of INP PSR with charge exchange
injection, 1965




OnTummusauma KoHBepcun MoHoB H- B HenTpanbl
Ha ra3oBbiX U NMa3MeHHbIX MULLEHAX

100~
o0 _\ D plasma

D gas

Meutralization efficiency [ % ]

10 100 1000
Energy [ keV /amu]

G.l. Dimov and V, G. Dudnikov, CROSS SECTIONS FOR STRIPPING OF-1-
MEV NEGATIVE HYDROGEN IONS IN CERTAIN GASES, Zhur. Tekh. Fiz,
36, (1966) 1239: Sov. Phys. -Tech. Phys. 11, 919 (1967).

G.l. Dimov, A.A lvanov and G.V. Roslyakov, Nucl. Fusion, 15, 551 (1975).



Charge exchange injection was developed (1965) with using
of Ehlers type H- source in high voltage terminal of Van de
Graf accelerator (1 mA, 1.5 MeV) in high pressure gas tank.
Work of Technicien Petr Juravlev was important for SPS
success




Proton beam accumulation for different
injection current (0.1-0.5 mA)

Injected beam

Circulating beam,

Low injection current

i /\ Start saturation
)i Y

&

|l .

Strong saturation




Coherent synchrotron oscillations
in INP PSR

Orbital current- (a),
and the amplitude

of coherent phase
oscillations - (b).

The scale along the
o horizontal is 500
usec/cm.

A certain increase in the proton loss during accumulation process is connected
not only with scattering on the jet, but also with the generation of synchrotron
oscillations as a result of a reduction in the effective jet thickness along the
radius. In order to reduce the effective thickness of the jet and its decay along
the radius (as a result of circumvention), the protons were brought to the orbit
with a vertical angular deflection of up to 0.135 rad. A capture efficiency of 75-
85% was secured in this case. All the subsequent experiments were performed
mainly by using a vertical injection angle of 0.1-0.135 rad.




Evolution of bunches profiles in INP PSR
\. M / 1- 0.05 ms(100 turns);
2- 0.4 ms(1000 turns);
' 3- 0.8 ms (3000 turns);
\/'\/\f 4- 2.8 ms, before start
3 Transverse instability.
Bunches period 188 ns

Coasting beam injection



Beam bunch evolution during accumulation

* Azimuthal proton distribution in

bunches,(a) and (b) t = 700 psec; c)
t1 = 800 psec, t2=1200 usec.

« Azimuthal proton distribution
(a) (b)

« and the drift tube voltage (c, d)
with the second harmonic of
the accelerating field for
different ratios of harmonics.




Beam intensity dependence on

parameters
N 19
Dependence of number of k WaNaN
accumulated protons on the 3 3¢ %&5 aur
je a8t
frequency of the RF voltage (a), § i
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Intensity limitation by longitudinal space charge effect.
Separatrice A r extending by longitudinal RF space charge



Residual gas ionization beam current &

Residual Zas TPAL. ¥ . nednikon, F 963

/ I-reflection platre; 2-suppression grid;

= 2 > =
3-collecror plate 4-shilding grid;

/ £, =220 pA

/ L,;=720 mA
200\__
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Residual gas luminescent beam profile
monitor, INP, 1965
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1- magnetic pole;

2- proton beam;

3- moving collimator
4- light guide;
S5-photomultiplier;
6-vacuum chamber



Beam profiles evolution during accumulation
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B 70 rogbl JlaBpeHTbeB BOeBan ¢ byakepom npotne ero nosimTnku pacwmnperns NA.
Byokep nckan NctouHMkn comHaHcupoBaHus. B 1967 OH npennoxmn ncnosib3oBath Nyyku
HenTparnoB B KOCMOCe AS11 MHCNEKTUPOBaHMA CnyTHUKOB. OH 3aKnoyumn 4orosop Ha 2
Mpy6 ¢ dompmon Koponesa Ha pa3paboTky ncrodHuka H- Ha 10 mA. bbino opraHnsoBaHo 3
rpynnbl 4ns paspaboTku MOHHbLIX MCTOYHMKOB. [pynna PocnakoBa 3aHMManach
paspaboTkon nepesapsiaHbiXx UCTOYHUKOB. [pynna [umoBa 3aHMManach pa3paboTkon
pacnbInTesibHbIX NCTOYHMKOB. Mol ¢ HOpon bernb4eHko 3aHMManmnch ninasmeHHbIMU
ncTovyHnKkamu. K KoHLy Ccpoka JoroBopa BCe OTHasAIMCh NOSTyYUTb HYXXHblE NapaMeTpbl U
ywnu B otnyck. KOpa yexan B ctpoun otpsag Ha KonbiMy cTponTb bunnbuHckyto ASC n B3an
c cobon Hawero nabopaHTa.

A npogomkan pabotatb ogmH. Mbl paboTanu ¢ nnaHOTPOHOM, U3 KOTOPOro nony4vanocb 4o
5 MA noHos H-, npu Toke paspsaga 100 A, HanpsxkeHnn 600 B.

1 nona 1971 roga a1 3akpenun TabneTky xpomaTta uesunst ¢ 1 Mr uesms n BKIYun paspsag.
OMUCCUMOHHas wWerb bblfia 3a3kpaHnpoBaHa 1 Ha KONMEKTOpPe perncTpupoBarcs TOK NOHOB
1.5 MA lNocne HecKkomnknx MUHYT paboTbl B KOHLE MMMynbca NosiBUcs Belbpoc Toka ao 3
MA, [ocrne onTuMusaummn nogaydm rasa ToK B KOHLE UMMYySibCca yBenuyurcs 4o 4 MA, HO
yepes 20 MUHYT BbIOPOC TOKa MCYE3 N TOK Ha KonnekTop ctan cHoea 1 MA. Pewwus, 4to
BbIOPOC TOKa CBA3aH C BblAENEHMUEM Le3uns, 1 MOMECTUIN HECKONbLKO TabneTok Ha KaTos,
KOTOPbIN FPerncsa curbHee, U 3aKpblil UX HAKENeBOW CeTKon. B aTon KoHurypauumm 1ok Ha
KonnekTop 6bICTPO yBenuuuncs 4o 12 mA a nocne ontuMmnsaunm nogaym rasa un paspsaga
nony4nnica npamMoyronsHein nmnynsc 15 MA. HanpshkeHne paspsaga noHnsunocs ¢ 600 B
no 100 B.



[To gorosopy ¢ LIKB ycnewHo otyntanncek 1 3aknio4vnnm HoBble Jorosopa no 5
Mpy6 Ha narotosneHue NN ana nMHenHoro yckopntensa Me3oHHoM dOpukn
NAN n opna UB®3.(B aTo Bpemsa aeBaTuaTaxka Ha -216 kBapTup ctouna 1
Mpy0)

Toraa pesynbraThbl C LE3MPOBAHUEM NPU3HANN CEKPETHLIMU N NyONNMKOBaTb HE
paspewmnnn. Ho B UAD ctano HaBeabiBaTbCcA MHOMo generaumm ns Cotosa
(LUKB, HUMO DA, NHP, NDOB3) n ns CLUA. byaokep paspeluan nokasbisatb 1A
BblcOKkonocTasfieHHM Bu3ntepam n3 CLLUA kak o6bekTbl Anst TOpros.

B neyartn (o Hawmnx nybnmnkauum) nosaBumcb Nyonmkaumm B KOTOPbIX
OBOPUIIOCH YTO BbIXOA OTPULATESNbHBLIX MOHOB MOXHO YBENUYNTL J0DaBrNeHnEM
Le3nsa B paspaa.

IEEE TRANSACTIONS ON NUCLEAR SCIENCE Volume: NS20 Issue:

3 Pages: 136-141 DOI: 10.1109/TNS.1973.4327065 Published: 1973
"SOME ADVANCES IN NEGATIVE ION TECHNOLOGY”, By Kenneth H. Purser
During the past two decades, the advances which have been made in the
techniques of negative ion production have been truly spectacular both in terms
of intensity and the available species. For example, while in 1955 negative ions
of the hydrogen isotopes were produced at submicroampere intensities, today
22 mA beams of negative hydrogen have been reported [2] and it is rumored
that Dimov and his collaborators at Novosibirsk have seen 200 milliampere
peak pulse intensity during pulsed H- operations. Ha camom gene K Tomy
BpeMeHN Mbl UMeSnn Ny4yok noHoB H- ¢ Tokom 0.9 A.
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Konus ctpaHuubl n3 pabdoyero xxypHana 3a 1 nions 1971 roga ¢ onmcaHmem
9BOMOLUMN MHTEHCUBHOCTU Ny4YKa oTpuLaTeribHbIX MOHOB Nnpu gobasneHum
Les3uns B paspsag



- Cesiation effect, a significant enhancement of negative ion
emission from gas discharges (from 1.5 mA to 15 mA) with
decrease of co-extracted electron current below negative
ion current was observed for the first time by location into
discharge chamber a compound with one milligram of
cesium on July 1, 1971 (7/1/71) in Institute of Nuclear
Physics, Novosibirsk, Russia (Now BINP).

« This result was not published because was recognised as
a “top secret” without permeation for publication. After
strong effort of Gennadii Dimov it was permeated only
application for patent (Author sertificat): Vadim Dudnikov,
“The Method for Negative lon Production”, SU patent,
C1.H013/04, No 411542, Appl. 3/10/72.




Invention formula:

“Method of negative ion production comprising
admixture into the discharge a substance with a
low ionization potential, such as cesium”.

There is big difference between “surface production” and
“surface plasma production”, because without plasma it is
possible to have only microAmpers of negative ions as in
sputtering type (Middleton) sources.

Further development of SPS was conducted by
Belchenko, Dimov, Dudnikov in INP and many teams
In many laboratories.




B S

Budker Institute for Nuclear Physif

(s in Negative lon Sources Novasibitsk

In the early 1970s, (07.01.71) before
the Cs physics was understood. V.
Dudnikov G. Dimovand Y. Belchenko
added Cs to their magnetron source
increasing the H- currentto 150 mA for_ -

up to 0.5% duty factors.(reallyup to V. Dudnikov, Russian Patent No. 411542

« 0.88A) hrtp:www findpatent. nvpatent/'d /411542, himi

Y. Belchenko, C. Dimov, V. Dudnikov, Nucl Fusion, 14, 113
Vadim Dudnikov also developed a Penning H- Gl
source thatdelivers 150 mA..

With the Siberian “Know How™,

+ BNL Krsto Prelec et al. developed
magnetrons for NBIL.

+ LANL Paul Allison et al. developed Penning
H- sources.

+ LBNL Ehlers and Leung developed Surface
Converter H sources for LANL.

+ FNAL Chuck Schmidtet al. developed the
BNL magnetron for accelerators.

S &S

magnetron Penning

These are Compact Surface Plasma Sources
(CSPS)! M. P. Stockli, JAS 2013




* First International publication was permeated in 1974
when H- beam current was increased up to 0.9 A :

BELCHENKO Y.l., DIMOV G.I.,, DUDNIKOV V.G., “POWEFUL
INJECTOR OF NEUTRAL S WITH SURFACE PLASMA
SOURCE OF NEGATIVE IONS”, NUCLEAR

FUSION Volume: 14 Issue: 1 Pages: 113-114 , 1974

- Before this publication it “was ringing, that in Dimov’s Lab.
was produced 200 mA of H- by admixture of Cs into the gas
discharge”. It was several publications in 1973-74 with
statement “intensity of negative ion beams can be
increased by injection of cesium into discharge” without
any references but successful cesiation was not repeated
at this time.




Development of high brightness H- sources was stimulated by
first success of high current proton beam accumulation with

using a charge-exchange injection [1] and supported by interest
of “Star War” [2].

A recent circumstance was the reason of difficulties and long
delay of first publications, but nonofficial communication was
relative fast.

[1] G. Budker, G. Dimov, V. Dudnikov, Sov. Atomic. Energy, 22,
348, 1967, Proc. Int. Symp. on Electron and Positron Storage
Ring, France, Sakley,1966, rep. VIII, 6.1 (1966).

[2] C. Robinson, Aviation Week&Space Tech., p.42, Oct., 1978;
Rev. Mod. Phys., 59(3), Part Il (1987).
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History of Surface Plasma
Source development

(J.Peters, RSI, v.71, 2000)

Cesiation patent

V. Dudnikov. The Method for Negative lon
Production, SU Author Certificate, C1.H013/04,
No. 411542, Application filed at 10 Mar., 1972,
granted 21 Sept,1973.

Invention formula:

“Method of negative ion production
comprising admixture into the
discharge a substance with a low
ionization potential, such as cesium”.

28



First version of Planotron (Plain Magnetron) SPS, INP, 1971,
Beam current up to 230 mA, 1.5x10 mm?, J=1.5 A/ecm? with Cs




dPoTorpacdua nepBoro nNnaHoOTpPoHa



Design of SPS with Penning Discharge

cooling 1= a.cooling
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CSPS with Penning discharge

All metal and ceramic. Can be heated to 1000C for activation.




repetition fo=100Hz
Penning (Dudnikov t -

Discharge voltage

Noiseless operation

Discharae voltaae

100V
o _
] -
M3

Discharge current

Discharge current

| 100 Hz

Extraction voltage

IOOA!

——
e
g

Extraction voltage

4

) Tested for 300 hs of
1 Extraction current )
{ 0 continuous
i I \l W operation with H-
Current>100mA
\ I- H current after
. H- current after
a4l \___ magnetic analyzer
01mS8

Noiseless coperation




B 1968 P. MaptuH nocetnn NUAD n osHakomuncs ¢ paspaborkamu no
nepesapsgHon nHxekumn. OH peLns, YTo nepesapagHas MHXeKUnst no3sBonnT
AProHHCKOMY CUHXPOTPOHY C HyrneBbIM rpagueHTom (ZGS), ANpeKToOpoM
KOTOPOro OH OblS1, KOHKYpMpoBaTb No MHTEHCMBHOCTYU C Alternation Gradient
Synchrotron (AGS,Al'C) B Brookhaven National Laboratory (BHIT).

B 1969 rogy nepesapagHas nHxekumnst boina ycnewHo onpoboBaHa Ha
NPOTOHHOM cuHXpoTpoHe ZGS B CLUA Ha 3Hepruto 12 3B npu aHeprum
nuxekumm 50 MaB. NpoToHbl 3axBaTbiBanncb Ha opbuUTy Npu Nepesapsgke
NOHOB H- B MULLEHN N3 TOHKOW OpraHM4ecKomn MneHke.

Mo npegnoxeHuto P. MapTnHa 6bina otpaboTaHa nepesapsgHas UHXEKLUUS
NPOTOHOB B BycTep ans cMHXpoTpoHa ZGS.

B 1971 Toaoy 6bina ocylecTBrneHa nepesapsagHas MHXeKuns npoToHOB B
CUHXPOTPOH Ha 200 MeB — npototun 6yctepa ana ZGS [84]. byctep ¢ 1977
roga B TeHEHUN MHOTUX NET CYXUN MHTEHCUBHBLIM UMMYSTbCHbIM HENTPOHHLIM
reHepaTopoM.

R. Martin, Proc. VIII Internat. Conf. on High Energy accel. CERN, p. 540
(1971).

|.D. Simpson, IEEE Trans. Nucl. Sci., NS-20, No3, 198 (1973).

J. Simpson, R. Martin, R. Kustom,History of the ZGS 500 MeV
booste,http://inspirehep.net/record/1322000



http://inspirehep.net/author/profile/Simpson%2C J.?recid=1322000&ln=en
http://inspirehep.net/author/profile/Martin%2C R.?recid=1322000&ln=en
http://inspirehep.net/author/profile/Kustom%2C R.?recid=1322000&ln=en

B 1978 roagy nepesapsagHas nHxekumnsi obina ocsoeHa Ha 6yctepe Fermi National
Accelerator Laboratory (PHAIT) npu aHeprmun nuxekumnm 200 MaB.
B 1982 rogy cuHxpotpoH AGS B BHJ1 6611 nepeBeaeH Ha nepe3apsiaHyto
NHXEKLNIO.
B 1984 rogy nepesapsaaHas MHXeKkumnst Obina ocyLlecTBreHa B CUHXPOTPOH ISIS B
Ruthrford Appleton Laboratory (PAJ1) B AHrnum
N Ha HakonuTtene nNpToHoB B Jloc Anamocckon HaumoHansHon Jlabopartopum
(JTAHJT).
B 1980-84 nepesapagHas nHxekums dbina ocsoeHa B JlabopaTtopunmn pusnku
BblCOKMX 3Heprumn (KEK) B AnoHuwm,
B Duche Electron Synchrotron (DESY,0O3W) B epmaHun.
[NepesapsagHas nHxekuusi ncnonbsyerca Ha Hakonutene CELSIUS (Yncana,
LLiBeuns),
B HakonnTenie COSY (nccneposatenbckum bueHTp Konux, Nepmanng).
[Nepe3apsagHas nHxekuusi boina ncnosib3oBaHa B CUHXPOTPoOHE NHCTUTyTa
9KCNnepuMeHTasribHOM U TeopeTuveckon PU3NKN 1A HakonsieHna MOHOB yriepoa
B 2006 3apabotan CHW B OPHIJI1 ¢ nepe3apsigHon nHxekume 50 mA, 1 I'aB H-B
HakonuTenb go 50 A, 50 I'BT.

Cenyac rotoBuTCs nepexon Ha nepesapsgHyro MHXeEKUMIo B BycTepe
EBponenckoro ueHTpa dunsmkun soicoknx aHeprun (LLEPH) B LUBenuapun

n B 0byctepe NHcTutyTa omsnkmn Bblicoknx aHeprun (MPBI) B NpoTteBuHO, Poccus



[epesapsgHasa MHXeKUNA CNosb3yeTcs ONa UHXEKLUNN
nonspusoBaHHbIX noHoB H- B byctep AGS, RHIC d BNL.
Mcnonb3oBanach Ang nHXeKumMmn nonapu3oBaHHbIX MOHOB H- B
bycTtep HakonuTens Indiana University

Bo3MOXHO nony4yeHue nofigaprusoBaHHbIX
oTpuuaTenbHbIX MOHOB. [1514 3TOro no
npeasioxxeHuto [lyaHMKkoBa CTpys NSIOTHOM
nra3mbl KOHBEPTUPYETCA B OTpuULATESIbHbIE
MOHbI Ha LIe3MpPOBaHHOM MOBEPXHOCTHO-
nrasmMeHHOM MOHM3aTope N 3aTeM OCYLLECTBIIAETCA pe3oHaHCHas
nepesapganka nonapmsoBaHHbIX aTOMOB Ha CTpye oTpuuaTenbHbIX
NOHOB. NonoXuTerbHbIE NOHbLI FEHEPUPYIOTCA OYTOBbIM pa3psaom C
XOSI04HbIM KaTo4oM B AnadparMmMpoBaHHOM KaHane u
TPaHCMNOPTMUPYIOTCA MarHUTHLIM MOSIEM Ha KOHYCHYH MOBEPXHOCTb
KOHBEpPTOpa, rae npeobpasytoTca B aToOMbl. ATOMblI KOHBEPTUPYHOTCS
B MOHbI H- HA UMNMHOBOYECKON LIE3UPOBAHHOW MOBEPXHOCTU
NOBEPXHOCTHO- MNSIa3MEHHOro KOHBEPTOpPA M nepesapsikatoT B
oTpuuaTenbHble MOHbI NONSPNU30BaHHbLIE aTOMbl AeUTepPUs.
Obpa3oBaBLumecs nNonsipn3oBaHHblie MOHLI D- BbITArnBatoTcs
MHOroanepTypHOWU CETOMHOW CUCTEMON DOPMUPOBAHUA U
OTAENATCH NOBOPOTHBLIM MarHUTOM OT HENOMNAPU3OBAHHbLIX MOHOB
H-.




MOTIVATION

* Important feature of SNS at ORNL is very powerful, short (~1 us) pulse
of protons used for neutron pulse generation.

 Qutstanding recent achievementis 40 A (40 GW) P beam in the
compressing ring (1.4 MW of average power).

* This ~ 1073 times power compressing is produced by charge exchange
injection with using of accelerated H- ion beam.

* Increasing the ion beam current and/or the beam duty factor are
normally the most cost-effective solutions for increasing the production
rate of accelerator facilities. Advanced H- ion sources are necessary for
reliable realization of charge exchange injection.

« Advanced conversion of H- to H+ (stripping) is necessary for reliable
operation of charge exchange injection.

* Pulsed beam power can be increased up to 100GW with improved H-
ion source, improved H- stripping, suppression of e-p instability.




Transverse instability in the INP PSR,
bunched beam (1965)
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Diagram of feedback system for e-p
instability damping ( bunched beam)

pickup electrodes | ’p deflect
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Transverse instability of bunched beam in
INP PSR (1965)
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Transverse instability of bunched beam with a
high RF voltage

1-ring pickup, peuk bunch
intensity ;

2-radial loss monitor.
Beam was deflected after
Instability loss.

Two peaks structure of
beam after instability loss.
Only central part of the
beam was lost

1 ms




PSR for beam accumulation with inductive acceleration

current
source

1-first stripper;
2-magnet pole n=0.6;
3-hollow copper torus
with inductance current;
4-main stripper;
S-accelerating gap;
6-ring pickup; 7-BPMs;
8-Res.gas IPM;
9-vacuum chamber.
FC; quartz screens;
Retarding electron and
ion collectors/
spectrometers .
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beam current
monitor

beam potential
monitor

electron collector

ion collector
energy analyzer

ion collector
energy analyzer

transverse 1on
collector

ion collector

bunching detector

transverse ion
collector

0.125 0.25

t, ms

e-p instability with a low threshold in INP PSR

1-beam current, N>7e9p
2-beam potential, slow
Accumulation of electrons
10mcs, and fast loss 1mcs.
3-retarding electron collector;
4,5-ion collector, ionizing
Current Monitor;

6,7-ion Collectors Beam
potential monitor;
8,9- negative mass Instability.

Injection:
Coasting beam, 1MeV, 0.1mA
R=42 cm.



Instability of coasting beam in AG PSR, 1967

1- beam current
monitor:;
2-vertical proton
loss monitor;

S S : 3- radial proton loss;
5 e 4-detected signal of

R vertical BPM.
j_/l ‘ 20 mcs/div.




e-p instability of coasting beam in the INP
PSR (1967)
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. B aTnx akcnepumeHTax Bnepsble Habnogananack, Oblfia nccregosaHa, 06bLsCHeEHa
N nogasrieHa obpaTHOW CBSA3bIO ANTIEKTPOH-NPOTOHHAA HEYCTOMYMBOCTDL (electron
cloud effect), numuTnpyoLlaa MHTEHCMBHOCTb MYYKOB B ME30HHbIX pabpurkax v B
apyrux 6onbLUnX ycKopuTenax u Hakonutenax. HakonneHHbln nyyok Xmeet 1-5 Mc
3aTeM packaymBaloTcs beTaTpOHHbIE KonebdaHus 1 ny4dok copacbiBaeTcsl ¢ opouTbl
3a HECKOSIbKO OeCcATKOB 060pOTOB. PasBnTre aTOM HEYCTOMYMBOCTU ObISo
0OBbACHEHO Ha OCHOBE Teopuu, passuton b. HYnpumkosbiMm ans o6 bACHEHUS
HEeYCTOMYNBOCTM ISIEKTPOHHOIO Ny4vka, KOMNEHCUPOBAHHOIO MOHAMM .
iccnepoBaHue KOMMEKTUBHbLIX 3OMEKTOB B LMPKYNIMPYIOLLMX NyYKaxX C npenernbHOu
MO MPOCTPAHCTBEHHOMY 3apsaay MHTEHCUBHOCTbLIO B COMETAHUU C Nepe3apsgHoun
NHXeKLMeN No3BONnno co3gaTtb Takoe «CyrnepHepaBHOBECHOE» 0bpa3oBaHue, Kak
LMPKYNUPYHOLLUIA NPOTOHHbIN MYy4Y0K, KOMNEHCUPOBAHHLIN 3TEKTPOHHbLIM ras3om,
MHTEHCUBHOCTb KOTOPOro;-NoYTK Ha nopsaok dornblue npegena no
NPOCTPAHCTBEHHOMY 3apsay.

b. B. HUupukos, “YcTOMYMBOCTb HaCTUYHO KOMMEHCUPOBAHHOIO Ny4yKa 351EKTPOHOB”,
AToMHaga OHeprud, 36, 1239 (1966).

FO.N. benv4veHko, I'W. byakep. I'W. Oumos, B.I. dyaoHukos n gp. «PaboTsl rno
CUJTbHTOYHbBIM MPOTOHHBIM My4Ykam B HoBocmnbupcke», Tpyabl MexagyHapoaHom
KOH(pepeHumn no yckoputenam, NpoteuHo, 1977; MNpenpuHt NAD 77-59,
Hosocubupck, (1977). http://inspirehep.net/record/127164/files/HEACC77 | 291-
298.pdf

M. Reiser, “Theory and Design of Charged Particle Beams”, Wiley-VCH Verlag,
second edition, (2009).



Two-stream instability, historical remarks

Beam instability due to electrons were first observed
with coasting proton beam and long proton bunches at
the Novosibirsk INP(1965), the CERN ISR(1971), and
the Los Alamos PSR(1986).

Recently two-stream instability was observed in almost
all storage rings with high beam intensity.



Two-stream instability

Beam interaction with elements of accelerator and secondary
plasma can be the reason for instabilities, causing limited
beam performance.

Improving of vacuum chamber design and reducing of
impedance by orders of magnitude relative with earlier
accelerators increases threshold intensity for impedance
instability.

Two-stream effects (beam interaction with a secondary
plasma) become a new limitation on the beam intensity and
brightness. Electron and Antiproton beams are perturbed by
accumulated positive ions. Proton and positron beams may
be affected by electrons or negative ions generated by the
beam. These secondary particles can induce very fast and
strong instabilities. These instabilities become more severe Iin
accelerators and storage rings operating with high current and
small bunch spacing



This instability is a problem for heavy ion inertial fusion,
but ion beam with higher current density can be more
stable.

Instability can be a reason of fast pressure rise include
electron stimulated gas desorption, ion desorption, and beam
loss/halo scraping. Beam induced pressure rise had limited
beam intensity in CERN ISR and LEAR. Currently, it is a
limiting factor in RHIC, AGS Booster, and GSI SIS. Itis a
relevant issue at SPS, LANL PSR, and B-factories. For
projects under construction and planning, such as SNS, LHC,
LEIR, GSI upgrade, and heavy ion inertial fusion, it is also of
concern.



History of e-p instability (e-cloud) observation

Was presented in Cambridge PAC67 but only INP was identified as e-p instability

INP Novosibirsk, 1965  Argonne ZGS,1965 BNL AGS, 1965 FAST TRANSVERSE

/\__‘\_‘_. E INSTABILITY AND

ELECTRON CLOUD
&%mt[gn, 1971 ISR, ~1972 PSR, 1988 A new transverse instability is

MEASUREMENTS IN
FERMILAB RECYCLER
J. Eldred, et al. 2014.
o L LU observed that may limit the
proton intensity in the
Fermilab Recycler.
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INP Novosibirsk, 1965, bunched beam

other INP PSR 1967:
coasting

beam instability
suppressed by
increasing beam
current;

fast accumulation of
secondary plasma
is essential for
stabilization;
1.8x10'2in 6 m

M

‘first observation of an e- driven instability?
coherent betatron oscillations & beam loss

with bunched proton beam; threshold ~1-1.5x1019,
circumference 2.5 m, stabilized by feedback

(G. Budker, G. Dimov, V. Dudnikov, 1965).

_ V. Dudnikov, PAC2001
F. Zimmermann



ISR, coasting proton beam, ~1972 excitation of nonlinear

(R. Calder, E. Fischer, O. Grobner, E. Jones)  resonances; gradual
beam blow up similar

to multiple scattering

beam induced signal
from a pick up showing
coupled e-p oscillation;
beam current is 12 A and
beam energy 26 GeV

2x10-" Torr,
3.5% neutralization,
AQ=0.015

extensive system of electrostatic clearing electrodes



PSR instability, 1988

(D. Neuffer et al, R. Macek et al.) b .
eam loss on time scale

of 10-100 us above

| l + 1 e threshold bunch charge
 — . | of 1.5x10",
_ Ry S LTI ppy pu circumference 90 m,
T N
i | i i " transverse oscillations
L N | at 100 MHz frequency

beam current and vertical oscillations;
hor. scale is 200 us/div.



e-p instability of coasting beam in LA PSR,1986

beam
| current

SCFeREr

loss

bl 7BPM
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Pickup signals and electron current in LA
PSR

Beam Signals at End of Storage for Unstable Beam
1633, 8 1634.0 1634.2 1634. 4 1634.6 1634.8 1635. 0

T ¥ T v T y T g T
— SRWWL YV DI f

Signals (Volts)

——— Harkay Detector
1 N = StAW(‘Al‘ | X 1 . 1

1633.8 1634.0 1634.2 1634.4 1634.6 1634, 8 1635.0
Time (usec)

R.Macek, LANL



Electron signal and proton loss in

PSR

“Saturated” Swept and Prompt e’s vs local losses

Averaged (16 macro pulses) ES41Y signals for three different bumps and local losses
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AGS Booster, 1998/99
(M. Blaskiewicz)

current [A), namow Dand pawer
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KEKB e+ beam blow up, 2000
(H. Fukuma, et al.)
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Pulsed SNS US Patent 3,860,828, 1975
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Vasiliev et al.
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The SNS Accumulator Ring

The ring accumulates the ion beam. /—

* The stripper foil converts the negative H
ions into protons and merges them with the
protons already in the ring!

» Accumulating up to 1060 turns Cﬂp per
brings the ion beam current from

tens of mAmps in the LINAC to

tens of Amps in the ring before it is

dumped onto the target.

LOW FLELD LATTICE DJPCOLE
M 3"
FOIL Beam

......... ~¢, accumulation

i requires a polarity
change. We need
negative ions!

(5. 1043m)
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For more information see the website for the
8th ICFA Mini Workshop on Two-Stream Instabilities in Particle
Accelerators and Storage Rings, Santa Fe, NM Feb 16-18, 2000

hitp:/iwww.aps.anl.gov/conferences/ictaltwo-stream.htmi

Also see the website for the

International Workshop on Two-Stream Instabilities in Particle Accelerators and
Storage Rings, KEK Tsukuba, Japan, Sept 11-14, 2001
http:/lconference.kek.jp/two-stream/

http://wwwslap.cern.ch/collective/electron-cloud/.
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Historical remark

Electron cloud effects (ECEs) were first observed 38 yrs ago in small,
medium-energy proton storage rings. These were described as: Vacuum
pressure bump instability, beam-induced multipacting, and/or e-p instability:

BINP Proton Storage Ring [G. Budker, G. Dimov, and V. Dudnikov (1966); see
also review by V. Dudnikov (2001)] v.dudnikov.ph.D.thesis, 1966

CERN Intersecting Storage Ring (ISR) [O. Grobner (1977)]

First observation in a positron ring around 1995: Transverse coupled-bunch
instability in e+ ring only and not in e- ring:

KEK Photon Factory (PF) [M. Izawa, Y. Sato, T. Toyomasu (1995) and K. Ohmi,
(1995)]

IHEP Beijing e+/e- collider (BEPC): experiments repeated and KEK PF
results verified [Z.Y. Guo et al. (1997)]
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Models of two-stream instability

The beam- induces electron cloud buildup and development of
two-stream e-p instability is one of major concern for all projects
with high beam intensity and brightness [1,2].

In the discussing models of e-p instability, transverse beam
oscillations is excited by relative coherent oscillation of beam
particles (protons, ions, electrons) and compensating particles
(electrons,ions) [3,4,5].

For instability a bounce frequency of electron’s oscillation in
potential of proton’s beam should be close to any mode of
betatron frequency of beam in the laboratory frame.

http://wwwslap.cern.ch/collective/electron-cloudy/.
._http://conference.kek.jp/two-stream/.

. G.1.Budker, Sov.Atomic Energy, 5,9,(1956).
. B.V. Chirikov, Sov.Atomic.Energy,19(3),239,(1965).

. M.Giovannozzi, E.Metral, G.Metral, G.Rumolo,and F. Zimmerman , Phys.Rev. ST-
Accel. Beams,6,010101,(2003).


http://wwwslap.cern.ch/collective/electron-cloud/
http://conference.kek.jp/two-stream/

Memo from: Bruno Zotter

www.aps.anl.gov/conferences/icfa/twoo-stream/

Subject: Summary of my own conclusions of the
workshop

1) Go on with your plans to coat the most sensitive
locations in the PSR (Al stripper chamber, sections with
ceramics and with high losses) with Ti nitride - make
s?fre that the deposition technique avoids rapid flaking
Oft;

2) If this is not sufficiently successful, install a transverse
feedback system based on the wide- band split cylinder
pickups - Dudnikov showed an example where a simple
feedback seemed to work fine on e-p. If the oscillations
are kept sufficiently small by it, there may be no need for
high power;


http://www.aps.anl.gov/conferences/icfa/twoo-stream/

Development of Charge Exchange Injection and Production of
Circulating Beam with Intensity Greater than Space Charge Limit
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Development of a Charge- Exchange Injection; Accumulation of proton beam up to space charge limit; Observation and damping of
synchrotron oscillation; Observation and damping of the coherent transverse instability of the bunched beam. Observation of the e-p
instability of coasting beam in storage ring
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G.Dimov, V.Dudnikov, “Determination of circulating proton current and current density distribution (residual gas ionization profile
monotor)”, Instrum. Experimental Techniques, 5, 15 (1967).

Dimov. “Charge- exchange injection of protons into accelerators and storage rings”’, Novosibirsk, INP, 1968.

Development of a Charge- Exchange Injection; Accumulation of a proton beam up to the space charge limit; Observation and
damping of synchrotron oscillations; Observation and damping of the coherent transverse instability of the bunched beam;.
Shamovsky. “Investigation of the Interaction of the circulating proton beam with a residual gas”, Novosibirsk, INP, 1972.
Observation of transverse e-p coherent instability of the coasting beam in the storage ring, Observation of a transverse Herward’s
instability, Damping of instabilities, Accumulation of a proton beam with a space charge limit.

G. Dimov, V. Dudnikov, V. Shamovsky, “Transverse instability of the proton beam induced by coherent interaction with plasma in
cyclic accelerators”, Trudy Vsesousnogo soveschaniya po uskoritelyam, Moskva, 1968, v. 2, 258 (1969).

G. Dimov, V. Dudnikov, V. Shamovsky, “Investigation of the secondary charged particles influence on the proton beam dynamic in
betatron mode ”, Soviet Atomic Energy, 29,353 (1969).

G.Budker, G.Dimov, V. Dudnikov, V. Shamovsky, “Experiments on electron compensation of proton beam in ring accelerator”,
Proc.VI Intern. Conf. On High energy accelerators, 1967, MIT & HU,A-104, CEAL-2000, (1967).
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Particle accelerators, 14, 155- 184 (1984). Yu.Belchenko, G.Budker, G.Dimov, V.Dudnikov, et al. X PAC,1977.



PSR for Circulating p-Beam Production

48 8 m
- L4 f ] g 1-striping gas target;
(] S ' 2-gas pulser;3-FC;
4-Q screen;
5,6-moving targets;
7-10n collectors;
8-current monitor;
9-BPM;10-Q pick
ups; 11-magnetic
BPM; 12-beam loss
monitor;13-detector
of secondary
particles density;
14-inductor core;
15-gas pulsers;
16-gas leaks.

Proton Energy -1 MeV; injection-up to 8 mA; bending radius-42 cm; magnetic
field-3.5 kG;index-n=0.2-0.7; St. sections-106 cm;aperture-4x6 cm; revolution-

1.86 MHz; circulating current up to 1 A is up to 9 time greater than a space charge
limit.



Vacuum control

Stripping target- high dense supersonic
hydrogen jet (density up to €19 mol/cm?,
target €17 mol/cm? , ~1ms)

Vacuum e-5 Torr
Fast, open ion gauges

Fast compact gas valves, opening of 0.1
ms.



Fast, compact gas valve, 0.1ms, 0.8 kHz

1 -current feedthrough;
2 housing; 3-clamping
screw; 4-coil; 5 magnet
core; 6-shield; 7-screw;
8-copper insert; 9-yoke;
10-rubber washer-
returning springs;
11-ferromagnetic plate-
armature; 12-viton stop;
13-viton seal; 14-sealing
ring; 15-aperture;
16-base; 17-nut.
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Photograph of a fast, compact gas valve




Secondary Particles detector with repeller,
INP,1967

) | / Ha KIMEpUTEAGHIK
T creny .

{mucex

Secondary particles detector:
I-reflection plate; 2-collector; 3-retarding grid; 4-shilding;

5-grid; 6-beam. a -helium ion;b -nitrogen ion;c -electrons.



ANL Fast collector with repeller

Electron Sweeping diagnostic

e Designed by A. Browman to measure e-cloud surviving passage of the gap
@ Short HV (~1kV) pulse is applied to electrode to sweep electrons into RFA

Cross-section Collection Region
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Inductive BPM, INP,1967

1-ferrite ring; 2-coils; 3-commutator.



Signals and spectrum from inductive BPM
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INP PSR for beam above space charge limit




Tune diagram of betatron
frequencies of the storage
rng:

1-betatron frequency of
low intensity beam
v,=1.62; v,=0.85;

Blu-trajectory of operation
point with variation of
correction current;

Red- trajectory of
operating point under the
influence of the space
charge.



Small Scale Proton Storage Ring for Accumulation of
Proton Beam with Intensity Greater than Space Charge

Limit




Beam accumulation with clearing voltage
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current monitor

VBMP, detected

cleaning voltage

10kV

Ims

Secondary plasma
accumulation
suppressed by strong
transverse electric
field. Vertical
instability with zero
mode oscillation

was observed
(Herward instability).



Beam accumulation with space charge
neutralization

\I / beam accumulation above space charge limit

beam curvent monitor

vertical BPM, dipole

detected

S R e T I

: 1 ms
cleaning E field ON T cleaning E field OFF



Spectrums of coasting beam instability in BINP PSR
(magnetic BPM)

6 16 22 30 38 4 54 f MHz

Spectrum of signals from vertical beam position monitor.
a) N=1.710" p; b) N=1.5 10" p.



Spectrums transverse beam instability in LA PSR

Frequency spectra of unstable motion agrees with model
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Proton beam accumulation with intensity above space charge limit
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Proton beam accumulation with intensity grater than space
charge limit. Dependence of injection current.
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Plasma generators for space charge
compensation

1- circulating proton beam;
2- magnetic poles;
3- filaments, electron sources;

4- grounded fine mesh;

5- secondary emission plate with a negative
potential.

Electrons e emitted by filaments 3 are oscillating between negative plates 5 with a
high secondary emission for electron multiplication.

A beam density and plasma density must be high enough for selfstabilization of
e-p instability (second threshold).

Secondary ion accumulation is important for selfstabilization of e-p instability.



Beam accumulation with a plasma generator
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Muons,
I

Superintense beam- circulating beam with
intensity fare above a space charge limit
(with recalculated tune shift AQ>1)

For uniform beam
AQ=-Nrp Rer/ wh?y 3Qa(a+b)
N=A40 np?y 3 Qa(a+b) / rpRer

For accelerators is typical AO~0.1-0.3<1



Transverse e-p instability in the proton SR was self-
stabilized by increasing the beam density and
increasing the rate of secondary particle generation
above a threshold level. This decreases the unstable
wavelength A below the transverse beam size a. (i.e.
the sum of beam density n, and ion density n; are
above a threshold level):

(n, + n)> [ /211, a? ; (r, = e°/mc?).

In high current proton rings it is possible to reach this
“Island of stability” by fast, concentrated charge
exchange injection without painting and enhanced
generation of secondary plasma as it was
demonstrated in the small scale PSR at the BINP

Muons,
Inc.



Acceleration system with ExB electron drift for
ion acceleration with a SCC

Electrons are prevented from
overloading the induction
acceleration system in the
BBB by a novel ExB field trap.
lon beam acceleration with a
space charge compensation in
a gap with a closed cross field
drift of electrons (disc
chamber).

Radial magnetic field, axial
electric field.




Acceleration gap with a closed
electron drift in the crossed ExB

flelds

1- ion beam; 2-insilators; 3-

fmle | - electrode; 4-second electrode; 5-
5 S _____ ~  external magnetic yoke; 6-internal
-mﬂ- L magnetic yoke; 7-magnetic coils;
| 8-beam pipe;

Color coded magnetic fields
distribution.

 Zis an axis of cylindrical symmetry



Transverse instability in FNAL Booster, DC B,
Coasting beam. Injection 400MeV, 45 mA.




Secondary electron generation in the FERMILAB
booster, normal acceleration

e i 1 s g ‘hewm TREER LY e
T v v Y A

.. GO0 R
: | e i TR s
: ,dNE_ e ok Lr i . o ea Tvas

2
F

t.6 s/di\; ‘ t. 0 26 msidiv

Fig. 1.Secondary electron formation in proton beam of booste;
For different proton beam intensity Qb. Calibration 2E12p/V.
1 Channel: Proton beam intensity;

2 Channel: signal from reflecting plate of Ionization profile
monitor (TPM)Y. R= 1 Mohm.



Observation of anomaly in secondary electron generation
in the FERMILAB Booster

Observation of secondary particles in the booster proton beam are presented in the
Booster E-Log at 04/06/01 .

Reflecting plate of the Vertical lonization Profile Monitor (VIPM) was connected to the
1 MOhm input of oscilloscope (Channel 2).

To channel 1 is connected a signal of proton beam Charge monitor Qb, with
calibration of 2 E12 p/V.

Oscilloscope tracks of the proton beam intensity Qb (uper track) and current of
secondary particles (electrons) Qe (bottom track) are shown in Fig. 1 in time scale 5
ms/div (left) and 0.25 ms/ div (right).

The voltage on MCP plate is Vmcp=-200 V.

It was observed strong RF signal induced by proton beam with a gap ( one long
bunch). For intensity of proton beam Qb< 4E12 p electron current to the VIPM plate
is low ( Qe< 0.1 V~ 1E-7 A) as corresponded to electron production by residual gas
ionization by proton beam.

For higher proton beam intensity (Qb> 4E12p) the electron current to the VIPM plate
increase significantly up to Qe=15 V~ 15 E-6 A as shown in the bottom
oscillogramms. This current is much greater of electron current produced by simple
residual gas ionization. This observation present an evidence of formation of high
density of secondary particles in high intense proton beam in the booster, as in Los
Alamos PSR and other high intense rings.

Intense formation of secondary particles is important for the beam behavior and
should be taken into account in the computer simulation.



Instability in the Tevatron
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Instability in Tevatron
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Instability in RHIC, from PACO3

Pressure Rise at Injection, |
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¢ For gold beam 55-bunch injection with bunch intensity of 0.9¢9 (design 1¢9), the
pressure rise at IR12 reached 1e-5 Torr, valve closed. and heam dumped.

¢ Pressure rise is very sensitive to bunch spacing, for 110-bunch fill, bunch spacing
reduced from 216 ns to 108 ns, the pressure rise at single beam straight sections
was much higher than 55-bunch mode.



DEPOSITS

Cold emission of electrons from electrodes with dielectric films

CATHODE DEPOSITS INDUCE DISCHARGES: cold emission

++++++ +

POSITIVE IONS ACCUMULATION

- CREATES HIGH DIPOLE FIELD, INDUCING
ELECTRON EXTRACTION (MALTER
EFFECT) or sparks



Instrumentation for observation and damping of

e-p instability

1. Observation of plasma (electrons) generation and correlation with an instability
development. Any insulated clearing electrodes could be used for detection of
sufficient increase of the electron density. More sophisticated diagnostics (from ANL)
is used for this application in the LANL PSR. These electrodes in different location
could be used for observation of distribution of the electron generation.

2. For determination an importance compensating particles it is possible to use a
controlled triggering a surface breakdown by high voltage pulse on the beam pipe
wall or initiation unipolar arc. Any high voltage feedthrough could be used for
triggering of controlled discharge. Could this break down initiate an instability?

3. For suppression of plasma production could be used an improving of surface
properties around the proton beam. Cleaning of the surface from a dust and
insulating films for decrease a probability of the arc discharge triggering. Deposition
of the films with a low secondary emission as TiN, NEG. Transparent mesh near the
wall could be used for decrease an efficient secondary electron emission and
suppression of the multipactor discharge. Biased electrodes could be used for
suppressing of the multipactor discharge, as in a high voltage RF cavity.

4. Diagnostics of the circulating beam oscillation by fast (magnetic) beam position
monitors (BPM).

5. Local beam loss monitor with fast time resolution. Fast scintillator, pin diodes.

6. Transverse beam instability is sensitive to the RF voltage. Increase of the RF
voltage is increase a delay time for instability development and smaller part of the
beam is involved in the unstable oscillation development.

7. Instability sensitive to sextuple and octupole component of magnetic field,
chromaticity (Landau Damping), ...



Electron generation and suppression

Gas ionization by beam and by secondary electrons.
Photoemission excited by SR.
Secondary emission, RF multipactor,ion-electron emiss.

Cold emission; Malter effect; Unipolar arc discharge
(explosion emission). Artificial triggering of arc.

Suppression:

1-clearind electrodes; Ultra high vacuum.
Gaps between bunches.

Low SEY coating: TiN, NEG.

Transverse magnetic field.

Arc resistant material



Conclusion

« Experimental dates from small scale rings
can be used for verification of computer

simulation.

« Stabilization of space charge
compensated proton beam with a high
intensity has been observed.

* It is useful to use low energy proton ring
for investigation e-p instability.



