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1. Introduction: 3 rings - similar features
Peculiarities of electron cooler rings:

Large value of the beam emittance (100 s:-mm-mrad)
Lar'ge momenfum spread ( 1% )

ical acceptance 24 7x-mm-mrad

Injection energy 45 MeV, H-, stripping injection
Intensity 8 mA: 10!! protons (coasting beam)

HIMAC (Chiba, Japan): Vertical acceptance 24 n-mm-mrad (also!)
Injection energy 6 MeV/u, Ari®*
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2. «Electron heating» at CELSIUS

electron cooling and «electron heating» at
CELSIUS», Workshop on Beam Cooling,
Montreux, 1993

In presence of the electron beam the ion beam
lifetime is much shorter:

50 - 100 s without electron beam,
0.5 - 1 s at electron current of 100 mA.
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2. «Electron heating» (continuation)

Heating at CELSIUS
D.Reistad, V.Parkhomchuk et al. (1999)

Injection, Acceleration and Cooling of Proton Be
: 9 o7 TR 2380 Mev

Proton Beam Current [mA]
and Size [mm] vs Time
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3. Injection in COSY - “the initial and coherent
losses” (2001)

Typical graphs of injection in COSY
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4. Initial (Incoherent) Losses

Experiments with detuned electron energy at CELSTIUS

High losses at high intensity p-beam orcuir in nreconce af electron
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4. Initial (Incohere

1) | osses (continued)
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4. Initial (Incoherent) Losses (continued)

COSY, August 2005: e-cooling at different e-beam current
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4. Initial (Incoherent) Losses (continued)

Effect of nonlinear field of the electron beam?
CELSIUS:

Ion beam size before cooling (at 400 MeV) ~ 25 x 20 mm?
Electron beam diameter 20 mm

COSY:

Injected ion beam cross-section 40 x 75 mm?
Electron beam diameter 25.4 mm

HIMAC (no “initial losses™l):

Injected ion beam cross-section 13 x 50 mm?
Electron beam diameter 64 mm

Two-beam instability: V.Parkhomchuk, D.Pestrikov, “"Coherent

instabilities at electron cooling”, Workshop on Beam Cooling, Montreux,
1993.
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5 _.Coherent instabilitv at COSY & HIMAC

5.1. Single injecﬂon in COSY
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(see next slide)
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5.Coherent instability (single injection)

Coherent instability development in COSY
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The Schottky noise spectrum in the betatron frequency
range in transition area (near "the jump").
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5.Coherent instability (single injection)

Coherent instability development in COSY

0.34 s

The Schottky noise spectrum in the betatron frequency
range in fransition area (near "the jump"). The detailed
scan: the lines differ in time by 0.17 s
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5.Coherent instability (singl Lsf@'?j}“”

Coherent
instability
development
in COSY

Beam Position Monitor analog signals clearly demonstrating the
collective oscillations of the p-beam: the signals from
differential horizontal (H) and vertical (V) PU's and sum (S) PU.

Note: longitudinal oscillations (sum signal) appear together with
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NIRS
5.Coherent mstabllxit" (single inje

sver ecéuﬁerent Oscillation
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The same
phenomenon
in HIMAC!

(April 2003)

The horizontal coherent oscillation has been observed since just after mjection, and mtensity
has been gradually decreased The mtensity 1s rapidly decreased, immediately when the

oscillation mode changes to the vertical direction from the horizontal one

Increasmg the vertical tune by 0.001 (Qy=2.881), the oscillation 15 disappeared
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5.Coherent instability: single injection and acceleration

COSY: Setupole correction
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5.Coherent instability

Tek ST 10.05/5 5 ZAchooImg and stacking at COSY

14}

..........

+Tek GITE 1.

N 11 | R A R E

1 Limitation of the stack
! intensity!

Intensity balance per injection

cycle:

AN =N

injected

stack ~

P e e s 5 i
ﬁi'éb'omv"' Ch2 3500V ™ 00 AuN T S
CiE 100mVv : :
.
Electron Cooling of Intensive lon Beam CcooL’os5

Septe

mber 2005 Galena. IL, USA

l. Meshkov

V25 Tul 2001

18:27:19




5.Coherent Ins'rability5.3.'rhr.ee WGYS to The Transverse

Coherent Instability Suppression
1 Feedback systems:

LEAR: (CERN) bandwidth 500 MHz - 8-101°

COSY: bandwidth 70 MHz - 10!! stored protons

O Variation of electron beam energy,

CELSIUS: 50 V amplitude at E = 115 keV

ad "“Hollow beam”

‘ o anag coliedd DUC
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5.Coherent instability: instability suppression

Vertical Feedback system in COSY (2003)
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5.Coherent instability: instability suppression

em in COSY: Sextupole

Coherent instability
developes when

LeCroy
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9.Coherent instability 5 4 TRG & ) and longitudinal modulation
Influence of transverse heating Atn = GTTenuaﬂon

(Vivisedrms = 6 V/AIn, Af = 0.1 -2 MHz, I, = 250 mA

Schottky noise: 18™ har'momcs f = 5.8 MHz
"™ N, = 1107, No heating { - Heating, Atn = 35 dB
e T, ¥

N, = 1108, ¢
. 8 790 998.000 Hz 110:97° " itrng. ﬁm
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6. Ion Cloud in An Electron Cooling System

>Theoretical “"forecast”:

N.S.Dikansky, V.V.Parkhomchuk, D.V.Pestrikov,
Instability of Bunched Proton Beam interacting with
ion “footprint”, Rus. Jorn. Of Tech. Physics, v.46
(1976) 2551.

P. Zenkevich, A. Dolinskii and I. Hofmann, Dipole
instability of a circulating beam due to the ion cloud

in_an electron cooling system, NIM A 532 (October
2oi5a} experimental discovery:

E.Syresin, K.Noda, T.Uesugi, [T.Meshkov], S.Shibuya,
Ion lifetime at cooling stacking injection in HIMAC,
HIMAC-087, May 2004, EPAC'O4, Lucerne, 2004
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6. Ion cloud..

“"Natural” neutralization

Potential at the electron beam axis: (; . _4,_te(;, 55,2)
a,b - electron beam and vacuum chamber rad B a)

Neutralization level
due to variation of the vacuum chamber radius:

b
(n ) ZIan
nneutr — l i;;nization _ Ib , b2 > b]
e I1+2In—*

a

Electron energy in partially neutralised electron beam:

1
Ee = eUcathode - (I_T]neutr )78(1 + Zlné\l.
el a)
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6. Ion cloud..
Control of the neutralization level with “"The Shaker”

"The Shaker” principle scheme
(R.Macaferri, CERN, 1994)

The residual gas
ions oscillate

in the solenoid
magnetic field
and electric

field of the
electron beam.

1 - electrode

2 - conducting glass

24




6. Ion cloud..

Control of the neutralization level with the shaker:

The ion oscillation frequency is equal to

w=\/u)l.2(1—nnm)+wé/4i(x)B/2

ZeB , Ze’n,
W, =
Am 2Amp

P

W, =

The ions can be "“shaken out” if

fshaker' - / 2m .
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6. Ion cloud..

April 2004
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6. Ion cloud..

COSY: Shaker Effect on

Shaker is OFF

5.00 /5

: -Réesoén-alilce- 100-120kHZ L

1A 300mV
{@: 342mv

2

Proton Beam Llfe Tlme at Smgle In Jechon

|@: 342mv

- 'Non resonance excitation: -

HITaH 5.00 S/s

T wisw

‘TEE

4+

- Resonance 130_150 kHZ D

500V M 1005 Chi 7

100mVy By

Ch2
Cha

Electron Cooling of Intensive lon Beam

September 2005

TV 10 Jun 2004
COoOoL’0s5

18:57:41

l@: 3a2mv

1A 300mY
l@: 342mv

500V M 10.05

100my B
l. Meshkov

Ch2
Chd

'TT\T: ||E\‘|m%

Galena. IL, USA

10 Jun 2004
18:37:41




Conclusion
1. Electron cooling permits to form ion beams at high
phase space density, however the problems of the ion

beam stability sbecific for electron cooler rinas abbear.
2. First problem relates to interaction of an ion circulating

in the ring with nonlinear field of cooling electron beam.

3. Second problem is related to development of two beam
instability in cooled ion beam.

4. Third problem: the threshold of this instability

decreases when “secondary” ions of residual gas are stored
in the conlina electron heam

5. The threshold of this instability can be increased when
feedback system and control of “the natural
neutralization” (with a shaker, for instance) are applied.
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