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IOF CLEARING in the KLS-ring 

Eva S. Bozoki and Henry Halama’ 
Brookhaven National Laboratory, Upton, NY, 11973 

The mechanism of ion capture by the beam, their effects on the beam as 
well as wavs to clear the ions arc discussed Special altention is given Lo 
thcsc yues;ons for lhc SXLS ring. 

One can see, that outside the dipoles, the heavier ions can travel only 
~0.25 m without clearing before the neutralization will reach 1C3. The 
higher neutralization me can tolerate, the longer this “clear-free-path’ 
will be. 

ABSTRACT 

INTRODUCTION 
The electron beam in a storage ring collides with the residunl gas in thr 
vacuum chsmbcr. As a consequence, low velocity posilive ions are pro- 
duced and are iittractd by the potential well of the electron beam [ 1,2]. 
They perform stable or unstable oscillations around the beam under the 
rcpct]tive Coulmntl force of the bunches [I ,?I, If not cleared. ths cap- 
tured ions can lcad to partial or total neutralization of the beam. causing 
both, a dccreasr of Irk-time and a change in the vertical tunes as well as 
an incrcasc in the tune-spread. It can also cause coherent and incoherent 
trnnsversc instabilities [4.51 h4ore d&led trcatmcnt of thr X1.S ion 
clearing can be found in [6]. 

BEAM IONIZATION and NEUTRALIZATION 
Relativistic elc~trons (@-I) ionix the rciidual gas Lvith a production rate 
of [1,7]: 

and R,= ’ 
z, 

= d,n,c = o,i‘ ? 
R, 7‘ 

vI here N = total number of electonf in the beam, 0, = ionization cross 
section in !n*, ii, = molecular density in m-‘, I’, = partial pressure in 
TOW, T = tcmpcraturc in OK. c = speed of light, R, = idcal gas con- 
stant ( 1 OiSh It) 25) and the sunm;iti<on is for all qwics of ion? prcscnt. 

Thr ncutrali7ation factor is defined as the ratio of the number of ions to 
the number of ~lcctrnns in the ring: 11 = if,,,,, / I!, The time to reach 11 
neutrnli7ation i< t = tlz sc’c, that is the ions (of mass An+,) hsvc to bc 
retnavcd after travcliing a distance: I = ‘I’,,,, I. 

Table- 1 shows the calculated ionization cross sections (see ref.[ 1 Ii, ion- 
zhm times ;md rdc’: at T = 700“ K and ~1111 P,, partial prr<surcs Iakcn 
from [Xl The calculations wcrc carried nut for different ionic spccics 
undsr Phase- 1 .md 2 conditions r*/ = 39 1 anj 1362. rcspectivcly ). 

Table- 1 
lokation cross section, ionization time and rate for diffcrcnt ions 

at T=:300 “K with y = 391 and 152. 

1.41 1.04 0.96 1 59 1.07 
2.21 4.65 0.21 2.50 0.24 -. 

0.67 I 0.61 

In the ahscn~c of magnetic lield, the ions move with thermal velocities 
[ 1 ] of 

l’,h = -571 
II --- ....-- mp xi [m/w] 

In tbc bending magnets, the trapped ions perform a cycloidal motion 
[1.3,9] due to the combined action of the longitudinal electric field of the 
bcorn and the vertical magnetic field of the dipole. The resulting longi- 
tudinal velocity, the “drift”-velocity is 

EBz 4 
a,, = ===ki, -i (11 

P 

In ccl, (I), wL is the Larmour frequency and (I),” is the cyclotron frc- The minimum E value for clearing of the ions is calculated from eq. 
qucncy (4) for m~iform unbunched beam of intensity I Amp: 

The iirl; thermal ion velocities and tie drift velocities together with their 
corresponding !,, and the Irh distances arc given in Table-? for different 
ionic species under Phase-l and 2 conditions (m,=l. 1 and 3.85 Tcsla) 
and assuming 1 = 0.5 Amp current, T = 300 “K temperature. 11 7 10 ’ 
ncutra!ilation and with Ez fields taken at the beam surface 

EC” = E, (x&u,) 3, (y=45s,) = -- I 
6ircc E” (4 +uy ) f 

Thcsc values rcprcsent an upper limit for the minimum clearing field, 
since f‘ ,~ ,) at the heam surface are larger for uniform then for hi- 
Gaussian charge distribution as can he seen from Figs. 1. 

- 
’ Work performed under the auspices of the I.J.S. Lkpxtrrrer~t of I:ncrg), 
and funded hy the U.S. DOD. 

‘I’ti.: u<,nr,,u’er ,>~~gram CHAMP wu ud IL? evaluate cq (3. which WLF ohtainrd frc~:n 
C‘EKN, cuflesy of Ku Alvmcs-Pircs and A. Porrcet. 

Thermal and drift velocities and the corresponding travel-dislanl‘rs for 
diffuent molcculcs under Phase-l and 2 conditions (*~?91 and 1162. 

?‘able-2 

B, =1 .I and 3.85 Tesla) assuming I = 0.5 Amp currenl, T = 300 OK 
tempcraturc and q = 1 cl-’ ncutralizSiort. 
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ION CLEARING 
The elcclric field due to uniform p space charge density in an elliptic 
beam with horizonlal and vertical dimensions of 

* 
2~1 = 2&, = Z~E.~ p, + (aE 11, j- and 2b = 2&, = 2&7$ 

was calculated [3,10] as: 

E x ,r 
= >I>. in. !.;;.-lx ,y ] (4) 

‘J’ )‘,’ 

For a round and unhunched beam with ); lint charge density (i.e. 
a=b=r,, ) p=&), this yields: 

Irr<; 

L3’1 73 ;LE-- i r!r,Z r<ro I’ 
*K <’ 1 l/r jr rzr, 

~;or a b-Gaussian charge dcncity distribution, f-Yi i is calculatctl as in 
[ 1 1 .I Z] using the complex error function. 

.!$ as a function of x (at y=O) and Ey as a func!ion of y (at x=0) are 
plotted on Figs. 1 for bi-Gaussian (solid lines) and uniform (dotted 
lines) distribution at diffcrcni values of the K = cli@, All curves 
ccmcspmd to I=O.S Amp. 
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Figs. 1 
(a) E, as a function of x along y=O and (b) Ey as a function of y along 

x=0 for elliptic bi-Gaussian beam for different values of K = a,/~, 

One can see, that the clcctric field E of the beam increases with the dis- 
tance from the beam axis inside the beam and it is the highest on the 
beam surface. Outside the beam, the field dccrcascs with increasing dis- 
tance. 



From the clearing field one can calculate the rcquircd voltage on a clear- 
ing electrode. Assuming that the clearing electrode is separated from the 
opposite wall of the vacuum chamber by D distance (SK Fig. Z), a rough 
estimate is given by I’ [I’o!~] = Ecir [Volrh] D [m 1. 

Marc realistic estimate can be obtained using the program POISSON. 
The calculations were performed for diffcrcnt geomenies as shown on 
Fig. 2. 
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Fig. 2 
Vacuum chamber with clearing electodes at different locations 

in the XLS ring: (a) middle of straight section 
(b) before/after Dipole (c) middle of Dipole. 

The minimum clearing field, ~5,“’ for uniform and bi-Gaussian charge 
density distribution as well as the necessary clearing voltagc from eq. (6) 
and from simulatiorx with POISSON m given m Table-3 All calcula- 
tions acre lwrfonn& for l=O.S Amp, <=. 1 coupling, vacuum chamhcr 
and clearing electrode geometry as shown on Fig. 2, and beam sixs as 
shown on Fig, 4. !:Dctails of the POISSON simulation including the 
dependence of the clearing voltages on the 1 and d width, D separation 
and 6 coupling arc F,iven in the Appendix oi [Cl). 

Table-3 
Clearing field and ~ltagc for uniform and hi Gauscian char;c 

density distribution assuming I=%.5 Amp. 
_--_-- --- . . . .._.. -_ 

E;” [V/mm] 
---_.. --C”:‘[k”~.. 

uniform 
uniform &Gaussian eq (6) POISSON 

20.5 15.8 1.6 1.7 - 
before/after Dipole 25.0 1x.0 1.4 1.5 

34.5 21.7 1.3 1.4 

As can be seen from Fig. 
1, E;” depends on the 1 . mid& ol dipol? 

horirontal- vertical cou- 2 - hdorelafler dipole 

pling. [. The beam six5 3 . middle ol straight 
on Fig. 4, thus the calcu- 

correspmi to < =: 0.1. 4 ’ 
To illustrate how the 4 
ncccssary clearing field 

(for uniform distribu- Fig. 3 
lion) Minimum clearing field as a function 

of the horizontal-vertical coupling. 

POTENTIAI. WELLS 
The V = -JEds potential in a round vacuum chamber of radius R, wit/t 
the boundary condition V = 0 at r = R, is: 

2 1 LT..-- --jnR” if r<r, 

v=h, 2r,2 2 r* 

2XE, ; 

i 

In-I- if r 2 IO 
r. 

The potential of an elliptic beam displaced by Ax in a round vacuum 
chamber is given in [13]. The potential of an elliptic beam in in an 
elliptic (rectangular) vacuum chamber of 2w and 2h width and height, 
was calculated in [14]. For Gaussian charge distribution the potential 
was calculated in [: 1,151. 

In case of uni!‘orm, unbunched beam, tile ions xc trapped if their trans. 
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verse energy is less than E = eV joule] In a field-free section of rhe 
ring the ions will drift towards the deewst rxrtenrial well rrsxitinp from 
changing vacuum chamber or k-am size. 

Figs. 4a and b show the (w,h) half width and height oi bc vacuum 
ch,unber, the a,, half txam sire and the calculated beam ptcntial on 
the beam surfncc for l/4 01’ the 
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Fig. 4 
Beam potential (a) for unobstructed vacuum chamhcr anil 

(b) in the prcsencc of strip-lioer. 

XLS ring. The calculations wrrc performed assuming l-0.5 Amp bc:inl 
nl’l’llt ri 9 . lf,, lf,, 1.: . and lJ&. dcnotci ihe potential in :hc nlid:llc <II 
the beam and at the upper, lower. righl and left surfarc of the beam. lx 
cast of Fig.6, thl: VXUUIII cl~anthrr dimsnsions BIG modiflc,.j I~;< tl~c 1~:s. 
encc of striplines in the straight sections and clearing rlcclrotlc~ in :hc 
dlpOlC. 

One can xc thal in Ihe unnhstructcd chamber, the ticcpcst potential v+cll 
are hcfore cntcring !hc dipolrs Thcrc arr’ also sl~allo\c \+clls ilt the n&l 
die of the dip&s and at the mid&c of rho straight eccrions. The pres- 
encc of the striplines introduces a potential well of depth equal to that 01 
the one bcforc the dip&, but it is less bothcrsomc since the siriplines 
can also be used as clearing electrodes if necessary. 

CR1 I‘IC’Al. hlASS 
The longitudinal vclociry of ions is ncgligiblc CompiirCd with that 01 111~ 
electron beam, the ions are “kicked” by the clrctmn bunches and thi) 
drift freely bctwcen the kicks. Ions. hcavicr than a cntical mass, .4, H’III 
bc trapped. This cffcct of kick and drift can hr drscribcd in lhe UW:~I 

matrix l~~rmaiism, which yicids 

,4 = C’%;, I I 
2wq,? 0, ((-f, + ‘sy) 

w bcrr r,, is the classical prcWn rad~uc a11d 1 is thi hc;im CUITCII: M’i:li 
I=05 Amp in 6, 3 or 1 hunches, A,: aas calculated to be A,. I .(!26, 
0.11 and 0.95. rcspcctively. That is, all ions arc trappd under usual con- 
ditlons in 11x XI..? ring. The critical currant. undrr wilich an ion OJ 
atomic nurnbcr A is trap@ is given in Table-4 for A=Z, 28 and 44 and 
at three locations in the ring. (I=O.S Amp and nR =I was arsumcd) 

Tabk-4 
Critical current assuming I=().5 Amp, nn=l. 

I I 1” iAmol I 
location A=2 1 ‘A& 1 j A=44 

~ middle of strai.#t 1 1.1 1 14.7 j 23.1 

Another way to help to remove ions is to shake the beam with an KI: 
frequency which is close to both, the beam’s bctatron frequency and the 
ion bounce frequency [16,17], especially near the ion pockets. Shaking is 
most efficient, when combined with the use of clearing elcctrodcs 
/ 18,191. 

TUNE SHIFT 
The tune shift, caused by the ions is: 

and E is calculated from cq. (4) using the 
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() = Pion = e~_rl.-L- 
c Zncr,o, 

ion charge ticnsity. Averaging instc;id of integration and substituting 
<Cp> = R /v,,~, PIE gets: 

Av,., 1 R 
rlN 

= rr -~~---- 
Y v,,y 2~%,yb3,-+3) 

.Assuming I=05 Amp and tI=10-3. the upper limit for tune change is 

A-4, s 
i 

.03x 
SYXL? Av, I 

iI 
m?& for $as;:; 

PRESSURE BL:MI’ 
Trapped ions loucr beam lifctimc in the same way as rcsidusl 
mulccules. The pressure or density increase due IO trapped ions is 
given by 11 1: 

Al’. = LL ’ 
’ e 7cro2 3.3 lo= 

q 

For 1=0.5 Amp, r,=l mm and n = 5 10--3, one obtains -Al’, = 5 IO-” 
Torr. 

This represcnrs more then 10 % or the total pressure and would lower 
the heam lifetime by the same amounl. However, since hcsvicr ions slay 
longer in the beam, the effect on the liletime would be worse. 

In addition to the pressure bump APtI the negative voltage applied to thl: 
cleating eleotro~les will accolcrntc electrons, produced both by the beam 
and by the photons, away from the clearing electrodes and towards ~hc 
wall of the vact~um charntxr. causing desorption of neutral molecules by 
electron stimulated dcsorprinn. This incxasc in prcssurc will kx most 
significant at the beginning of commissioning due to contaminated beam 
tutx and will decrease with beam conditioning. 

CLEARING ELECI’RODES 
The inns will h% rcmnvcd hy a system at” clearing clectrodcs as shown in 
Fit. 5. 

- STN SIX smw L,tdE CI.E,iR,NC mwr,wDE 
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Fig. 5 
I,ocrltion of clearing electrodes in the X1.S ring. 

All clearing elrctrodes will be tcrminntcd with lossy coax cables of the 
same charactcirtic impedance %, . in order to minimi71: machine 
impedance effects [2Oj. All dcdicatcd clearing electrodes and their 
fecdthrucs will bc rated for Sk\!, well almlve the required 7: 1 SkV (src 
under “Ion Clearing”). 

Finally, the te.u induced in the electrodes by the cimulated beam (see 
next section) must be removed by providing a thermal path to room tem- 
perature In a cold hore machine the heat would have IO be removed at 
liquid IIe temperature, which for tbo XLS represents a substantial heat 
load. 

Heat flux given in Table-S was calculated with p = 9 10e7 [Ohm m], 
I=(!.5 Amp beam currm, 6 and 3 bunches in the ring and ls = 2(2cr,‘t 
as bunch length for Phase- 1 and 2 (or, = 1.6 and 3.8 cm. respectively) 

Table-5 

CONCLUSIONS 
As could be expccred, the rather small circumference and bunch spacing 
in the XLS result in complete trapping of all residual gas ions; all ionic 
species are trapped since under normal working conditions thr critical 
mass is A, < 1. 

The horizontal and vertical tune shifts are tolerable cvcn for Q = 5 10m3. 
The higher is the vertical value, which is vy < .Ol and 0.002 for Phase-l 
and 2, rchpcctively. 

The worst neutralization pocket (=I6 %I) occurs before entering the 
dipole, therefore one must have clearing in thal region. Them is a slight 
decrease (~2.5 % and =4 S) in the polential at the middle of the dipole 
and in the straight section. respectively. Abrupt changes in the vacuum 
charnbcr dimension (e.g. striplincs or other “intrusinns”) also result in ::8 
% ionization pockets. 

Dcpcnding on the upper limit of n that we can tolerate, clearing is 
needed by intervalls not much longer than the “clear free path” for the 
CUz ions. With tl=10w3. this is =0.25 m in the straight sections, where 
the ions travel with thermal velocity, and ~0.9 and ~2.7 m in the dipole 
(for Phase-l and 2, respectively). 

The necessary clearing voltages assuming 10 % horizontal-vertical cou- 
pling, I=25 cm wide clearing electrodes at 3.3 mm distance from the 
bottom of the vacuum chamber arc 2.7, 2.0 and I.4 Volt in the straight 
section, before and after the dipoles and at the middle of the dipole. For 
1 % coupling the corresponding voltages are 8.6, 7.4 and 6.4 Volt. 

A clraring rate of z. 10iJ ion/see is required to m&main rl < 10 ‘. 
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