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INTRODUCTION

The ionisation of the residua gas, present in the vacuum chamber, by the circulating electron
beam isawell known phenomenon. Under certain conditions the ions can be trapped in the beam
potentia well and move on stable oscillating orbits inside the beam. This is the so called “lon
Trapping” effect that produces a genera detriment of the electron beam performances such as
tune-shift, spread, emittance blow-up, horizontal and vertica motion coupling, enhancements of
elastic and inelastic collisons with theresidua gas [2], and for an electron-positron storage ring
an undesired loss of luminosity. To avoid these effects the “ clearing” of the trapped ions has to
be achieved by means of an “ion clearing” system which means the use of DC and RF
electrodes or the set up of different operating conditions for the machine, (i.e. the asymmetrica
filling of the electron bunches), which lead to the desired instability for the ion orbits.

In the first part of this report the general concepts of 1on Trapping are reported, providing the
basic considerations for the DA®NE ion clearing system. The Poisson equation for the potential
well due to the electron beam has been solved in order to locate the minima of the function, and
the suitable positions for the DC clearing electrodes.

The three-dimensional equations of motion have been written according to the lattice of the
storage ring. The numerical integration of theion motion equations has been performed with the
help of the NAG FORTRAN Libraries and the results are shown for the two Bending Quadrants
(BQ) of the DA®NE Main Ring.

The DA®NE clearing system is proposed.

. TUNE SHIFT AND NEUTRALISATION FACTOR

The force on the eectron beam in the dectric field due to the ions trapped inside the beam is
focusing for both horizontal and vertica planes[2]. The tune shift is given by:

dF

1
0 =—— %Y RdO, 1
QH,V 4n_EfﬁH,V %,y (1)

where E is the electron energy, By is the betatron function (horizontal or vertical), F, , the force
acting on the electrons, R the radius of the storage ring and 6 the azimuthal angle.

Assuming that the longitudina distribution of ions is uniform and the transverse distribution
isaduplicate of that of the electron beam [3], the derivatives of the forces JF, /dx and JF, /dy
aregiven by:

oF, N;€’ B nle
ax  eymo,(oy +0,)C me,co,(oy, +0,)

] @
07Fy Nje nle

ay eymo, (o, +0,)C  meco, (o, +0,)



G-38 pg. 2

where N,; is the number of theions, ythe permittivity of the free space, on and oy the horizontal
and the vertical beam sizes respectively, C the circumference of the ring, e the electron charge, |
the electron beam current, n the neutralisation factor, which is the ratio of the density of ions to
electrons, and c isthe velocity of light.

Assuming that the neutralisation factor n varies sowly over the entire circumference of the
ring we can write[2]:

_ e [ ABu@rK) | C
0Q = 4]‘[2800EI () <\/E+ \/Kﬁv>€-|—

o €)
_ e L Nﬁﬁv (1+K) C
6Q/ - 4J'L'ZEOCEI <n> <\/K(\//3H +1/Kﬁv)>5T’

where K isthe coefficient of coupling, et is the emittance, and the symbol () shows the average
over the circumference of thering.

The maximum tolerable value for 6Q,, ,, setsthelimit for (»), which can be written also as[3]:

<T]> = rdrift ’ (4)

Tprod

where Tgrift is the migration time of the ions and for 7proq We have:

=0,y (5
prot

where cisthe speed of light, op the ion production cross section, and p, the mean vaue of the
residual gas densityl.

Once the limit for (1) is known we can obtain the maximum tolerable value for zgift which can
be written also as:

Tt = %S (6)

where vg is the drift velocity of the ions and | represents the distance between the clearing
electrodes |ocations.

1 See Appendix A : “Caculations of the relevant parameters of theion clearing system for the
DADNE €eectron ring.
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[I.LINEAR THEORY

In the smplified linear model of ion trapping the interaction between ions and eectron bunch is
described with the help of the thin lenses approximation and the usual matrix formalism. The
longitudinal velocity of theions is aways negligible compared with that of the relativistic stored
electrons; moreover every variation of the drift ion velocity is also neglected. Let x and x be the
position and speed of the ion respectively. After the passage of an eectron bunch the new
positionx, and speed X, are obtained applying to the previous (xlxl) the linear operator M
described by , [1]:

7
1 T,\/1 O0Oyx )
“lo 2l o))
where Ty isthe period of the electron bunches, and « isthe linear kick parameter given by:
NTOt4
e 4r.C ®

a= 2
A2p°o, (o +0y)

A= molecular number of theion
rp = classica proton radius
p = bunch number
C= gpeed of light
N.*=total number of circulating electrons
From the stability condition, imposed on the trace of the matrix, the critical ion mass A, is
obtained, above which the ion motion is stable:

N:%r ,C
2p20H,V(GH +0y) .

A 9)

C= circumference of thering.

Another way to cope with the ion trapping effect is the asymmetrical filling of the electron
bunches[4]. In this case we have:

(-0 T

where h isthe harmonic number and p is the number of consecutively filled bunches.

The stability condition can be found numerically. Plotting the vaue of the matrix trace versus
1/ A we obtain stability and instability bands for the ions, depending on the machine parameters,
the current value | and thefilling factor p, (see Fig. 1).
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Figure 1. The trace of the motion matrix M is shown as a function of the reciprocal of the atomic mass number

for agiven beam size and current.

[11.NON LINEAR THEORY

The dectric field due to a Gaussian distribution of eectric charge in both directions of the x-y

plane can be written [5]:

e)- (e

( _ \ (X y2) (xy+in\
X+iy | 2027202 O, oy,
Z=A: WL ﬁJ—e Yew — |
V’Z(OX - oy) Z(Ox - oy)
(12)
A= Ne W2 =€e?

20
1+ = (e*dg|.
250\‘3"/271(05 - 03) ' ”’!e C]

InFig. 2. E,/Neisplotted vs. the y/ o, ratio for different values of the coupling factor k.
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The linear behaviour actudly lies only in the first one sigma range. As a consequence the
strength of the eectric field exerted on the ions strictly depends on their positions with the
respect to the centre of the bunch.

For this reason it’s better to track the motion of the residual ions instead to look for genera
statements that could oversmplify the problem.

Furthermore athree-dimensional analysisis needed to get areliable description of the trapped
ions motion.

—a—E (V/m),k=0.01 1=5.3 (A)
y k=0.01 --> 0=1.541E-3 (m),0 =2.977E-4 (m)
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Figure 2. The vertical component of the electric field due to a Gaussian distribution of charge in both directions of
the x-y plane, and a longitudinal linear density 4 = NJ* -e/C, is plotted vs. the vertical co-ordinate. Two
values of the coupling factor k have been considered.

IV.POTENTIAL WELL CALCULATION

In order to have a good scenario of the boundary conditions for the ion trapping effect the
caculation of the potential well due to an electron beam has been carried out for a storage ring
with arectangular vacuum chamber .

A ®=0
Y
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In the continuous beam model we can consider an uniform electron distribution along the
longitudina co-ordinate s, and replace the time-dependent function with its average with respect
to time. Finally we can write for the electron density p(x,y):

[(x=X.)* (y-Y¢)*)
_L 20,2 * 2cry2 J
‘e

(12)

p(x.y) =

270,00,

Tot |
with A = eC € _ linear charge density and:

X,y = horizontal and vertical transverse co-ordinates
s=longitudina co-ordinate of the motion of ions and electrons

N.*= total number of electrons

C=totdl circumference of thering
o,,0, = standard deviations of the electron distribution

Xe,Yc = beam centre transverse co-ordinates.

For the potentid ®(V) due to the presence of the eectron distribution insde a rectangular
vacuum chamber of infinite length we have:

V@ = -4mp inside the vacuum chamber (13)
®=0 on the chamber walls (i.e. Dirichlet b.c.)’
The solution can be found from the Green’ s function which satisfies;
V'?G(X,X') = -4m8(X,X'). (14)
Thus:
D(X) =fp()_(’)G()_(,)_(’)d3X’ +
\Y
o o (15)
+if G(x,x’)@— (")aG(X’X) da.
4 A on’ on’'
The solution for our caseis3:
1o S|n/ nJTX\S”( nnxc\sin(w\gn{ mTEYC\
w(xy)- 8§ a) a6 )T b ),
1 ab & rl2 m2
P (16)
| (702 AT
P 2a’ 20 |
2 C.G.S. units.

3 See Appendix B : “Solution of the Poisson equation with Dirichlet boundary conditions for
arectangular box of infinite length”.
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where a and b are the dimensions of the vacuum chamber cross-section. Strictly speaking, eg.
(17) should give @ as a function of (x,y) only. In practice, we have an implicit dependence on s
through the variation of Xc,Yc, ox, oy aong the vacuum chamber. This does not affect the validity
of eq. (17), since the variation of X¢,Yc, ox, oy insissow with respect to the other relevant scale
lengths of the problem. The results for the DA®NE dectron ring are shown in Fig. 3 for two
values of the coupling factor k.

It is evident that the potentid ® depends on the longitudinal co-ordinate s through the
variation of the beam sze, the beam centre co-ordinates and the dimensions of the vacuum
chamber cross sections. This is the reason why abrupt cross section variations can provide
potential barriers for the longitudinal drift motion of the trapped ions. Therefore the balancing
effects of the eventual tapering, designed to connect different cross sections of the beam vacuum
chamber, have to be taken into account to well estimate the relevance of thistype of barriers.

—0o— ®(V)k=0.01
—VY---®(V)k=0.1 Da¥-one config.
T T T T i T T T T t T T T T T T T T ‘ T T T T

-600 % """""""""""" """""""""""""""

-800

(V)

-1000

-1200 T

0.0 10.0 20.0 30.0 40.0 50.0
s(m)-half ring

Figure 3. In this figure the potential well ®(X.,Y,,s)is plotted vs. the longitudinal co-ordinate of half DA®NE

Main Ring, for two operating values of the coupling coefficient k, (XY, are the beam centre co-ordinates). A

rectangular vacuum chamber cross section has been considered; the two abrupt variations of the potential
correspond to variations of the vacuum chamber cross section close to the Wiggler locations. The actual existing
tapering is very smooth and calculation have been carried out to estimate its weight on the potential well
behaviour. The effect of the tapering turned out to be very small comparing with the d®/ Js induced by the local

variations of the beam dimensions.

V. EQUATIONS OF THE ION MOTION IN PRESENCE OF AN ELECTRON
BEAM

The analysis of the residual ion motion in astorage ring can be divided into three parts:
a) free space(with no lattice elements)

b) dipole section

c) oscillating magnetic field section.
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The eguations of ion motion in the free space in presence of an electron beam are:

X = —&i E,(x.,5),
V= BxY9) (17)
§= _Mi E(xY,S).

Here s represents the longitudinal co-ordinate along the ring for familiarity with the usual
machine physics representation.

Ex and Ey are the transverse components of the non-linear electric field due to a beam with
Gaussian distribution in both directions, (see par. I11). The longitudina component Es(x, Y, s)is
obtained by:

E(xy.s)= 2 : (18)

where ®(x,y,§)isavector with the values of the potential well due to a linear distribution of the
beam charge at discrete positions S = s, ] =12,...,m aong the ring circumference, (see par.
V), and S is the discrete longitudinal variable closest to the s actua value. This is because the
caculation of the series for the potentia @ is fast enough as stand-alone code but the series
evaluation istoo long to be used inside a numerica code for integration of differential equations
Moreover the expression adopted for ®(x,y,$) is:

D(x,Y,S) = D(X,,Y,,8) - {}Ex(x’,Yo)dx’ + ~;Ey(x y’)dy’}, (21)

where Xo,Yo are the beam centre co-ordinates and Eyy is the horizontal (vertical) component of
the eectric field due to the beam. Thisis because, again, it’ s faster to evaluate the two integras of
the right hand side of (20), representing the difference in the potential value from the beam centre
position, than carrying out the summation over the series expansion at each step of the integration
code.

The time dependence of the electric field of the beam due to its bunch structure has been taken
into account turning on and off the charge density p according to the time distribution:

o= poe—(t—nto)z/ZUt2 (22)
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where:
aa[t
t, | C = ring circumference,
) C h = harmonic number,
° ch’ p= # of cons. filled bunches,
o= j = # of machineturns,
Yo
and:

p=p(t,n) fornsp+j-h 21)
{ p=0 elsewhere

In presence of astatic magnetic field, i.e. dipole section the (18) become:

q .
X VSBy’

E,. (22)
E,

X=-—E -

q
M,
a
M,
-4 ok
M,

The effect of fringing field has been taken into account using for By:

1 S
B,(s)= B, > 1 mcos(nz—g) ] (23)

where g isthe gap of the dipole and the negative (positive) sign refers to the beginning (end) of
the dipole.

For the oscillating magnetic field of the insertion devices, (Wiggler), the real measured vector
By(s) was used. The reason is the non-uniform geometry of the alternating magnetic poles, for
which the field is not easily reproducible by a mathematica function. In Fig. 4 the measured
magnetic field By(s)of a DA®NE Wiggler and the horizontal beam centre co-ordinate X¢ are
reported vs. the longitudinal co-ordinate s.




G-38 pg. 10

—H— B(Gauss)
1st DA®NE Main Ring Bending Quadrant

---0O--- Xc(m)

2 104 T T T T T T T T T ] 3 10-2

110° + + 2.5 102

0 10° 2 m—r™ 2 107

4 2(>.)<

g 110 2 15 1075
© !
o \
@ -2 10* + e 1107

3 10' + 5 10°

e Q
4 10° O t 1 % ] 0 10°
9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5
s(m)

Figure 4. The plot shows the behaviour of the measured magnetic field in the first Wiggler of the DA®NE Main
Ring, and the correspondent el ectron beam centre co-ordinate X¢ vs. the longitudinal one s. The zero line of the

beam centre co-ordinate corresponds to the axis of the vacuum chamber.

The numerical integration of the ion motion equations has been performed using the
integration subroutine of the NAG FORTRAN Libraries for stiff equations. The check on the
stiffness was necessary because of the insertion of the discrete values of the measured Wiggler
magnetic field vector instead of a continuous mathematical function.

V1. DC ION CLEARING AND RF BEAM SHAKING

The DC-clearing of the trapped ionsisincluded in the ion motion equations by ssmply adding a
constant component to the acceleration in the correspondent direction; e.g. :

y=- (5 -E). @

To evaluate the right value of the clearing eectric field, inside the vacuum chamber, the Poisson
equation with Dirichlet boundary conditions has been solved, (see C), for a suitable geometry for
both Wiggler and dipole zones.
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It happens quite often that the required DC voltage is too high compared to the eectrode
feasibility. In this case RF-shaking of the electron beam can help to reduce the needs of a high
voltage [8]. In fact lower vaues for the DC “kick” are required around the maximum of the
oscillating orbit of the ion. The beam shaking is included in the ion motion equations as a
sinusoidal motion of the beam centre co-ordinate, around which the beam charge distributes and
movesrigidly ; e.g.:

Y, =Y, + f-o,co82nt), (25)
where f = A/oy ,and v belongs to the whole set of excited frequencies[9]:

V=T snf,, (26)

where f, is the revolution frequency of the synchronous eectron, and n takes the vaue that

-~ W
5 Py
2n

minimises the difference

, where o, ,, isthe characteristic ion frequency .

VII.ION MOTION TRACKING RESULTS

The analysis of the ion motion has been performed first on the bending quadrants BQ of the
main electron ring, (see App. D.1 and D.2). In Fig. 5 the potential ®(X,,Y,,s) is shown in detail
for the first BQ. The main interesting points are the minimum, (a), of the potential ®, together
with the dipole zones, (18t and 2"d Bending Magnets), and the insertion device, (Wiggler). For
the point &, corresponding to s=13.64 m, the evaluation of the average required DC clearing field
[1], at full current, turns out to be:

Z,|

= =173kV/m, 27
Eiearing m / (27)

where Z, =1/(¢,c) is the free space impedance and | the average current in the ring. To reach
thisvaue for the clearing field, in the vertical direction, with a square button shaped electrode and
avacuum chamber section 7.5 x 5.3cm?, at least 14.4 kV need to be applied, (see App. C).

The tracked motion for theion mass 44 isreported in Fig. 6 for the point a. The ionisation is
considered to have taken place a the beam centre with negligible therma velocity. The actua
bunch structure of the beam leads to a lower vaue of the required Egearing in order to loose the
trapped ionsinatime 7 < 7y, , (See Table A.1).
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Figure 5. The potential @(x, Xc,Y,Yc,S) due to the electron beam, calculated in the beam centre position (see
Sect. 1V), is plotted vs. the longitudinal co-ordinate s for the first Bending Quadrant, BQ, of the DA®NE Main
Ring for electrons. The position of the lattice elements are al so reported together with an estimate of the effect of
the vacuum chamber tapering on the potential ®. The “tapering curve’ is actually a collection of discrete values
of the potential @ caculated for a vacuum chamber of infinite length and given, but variable in s, transverse
dimensions.
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Figure 6. The transverse co-ordinate y of the tracked motion of the trapped mass 44 is reported vs. time, for the
two cases with and without the vertical DC clearing field Ey .
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Figure 7. The transverse co-ordinate y of the ion tracked motion is shown for four different trapped masses,
(corresponding to the four main residual gases present in the vacuum chamber), to check the effectiveness of the
chosen value for the applied clearing voltage.

Asfar asthe Wiggler is concerned, two accumulation points for trapped ions are found, i.e. the
two minima of the oscillating magnetic field B, (s), see Fig. 4, corresponding to s= 10.6m and
s=11.2m., respectively. Figure 8 refers to the first accumulation point; the effect of an applied
clearing voltage of =1500 V is shown, together with the effect of the RF beam shaking and the
tracked orbit of the unperturbed motion of the trapped ion.

—s— without clearing
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v -
s =10.602m Voeang 2KV
o —_ = =~
x =X .Y =Y ) +Vclearing_1kv' Arf—0.5 Gy, Vo ~8 MHz
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H
H

810»37\\\\}\\\\}\\\\}\\\\}

0.0 10° 1.0 10° 2.0 10'5( )3.0 10° 4.0 10° 5.0 10°
t(s

Figure 8. The transverse co-ordinate y of the tracked motion for the trapped mass 28 is plotted vs. time for three
cases: with and without the vertical DC clearing field Ey, and with the effect of the RF electron beam shaking.
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Other results for different points are collected in App. E. They refer to the 2nd Bending
Quadrant that is almost the same of thefirst one but for the position of the degpest minimum of
potentidd @ and for the presence of another accumulation point for the ions close to the 4th
Bending Magnet. The third and fourth Bending Quadrants are obtained by reflection of the first
two BQ’ s due to the mirror symmetry of the DA®NE Electron Ring lattice dong the mgor axis,
(see App. D.2).

VIIlI. CONCLUSIONS

The design of the clearing system for the DA®NE electron ring bending quadrants is based on
the results obtained solving numericaly the motion equations for the ions trapped in the
circulating el ectron beam. The boundary conditions are always taken to be very conservative, i.e.
the residua gas atoms are considered to be ionised in the beam centre, with negligible thermal
velocity, and, for the high luminosity requirements, the electron current is given its maximum
value as the number of equidistantly filled bunches.

Moreover the considered vaue for the maximum tolerable vertica tune shift, induced by the
ion trapping effect, isvery low, even though it has to be considered as a hard task which can be
relaxed under proper considerations and discussion on the tolerable detriments on the beam
performances.

In this scenario DC clearing electrodes are needed in the potentia wel minima locations and
also in those points where the Wiggler magnetic field takes its lowest values. Further the “mirror
effect “ dueto the fringe field of the bending sections has been considered; [11,12], the location
of the clearing electrodes has been optimized in order to cope also with this effect. Troubles arise
from the practical point of view, since each DA®NE Wiggler is actually a two meters long
“closed box”, for there is no room for placing any feed-through between the magnetic pole
expansions. The clearing electrode for the wiggler has then to be thought as a two meters long
strip, biased at the first available place outside the first or the last magnetic pole. The other
electrodes locations seem to be less hard since the length of the eventud strip should be around
20 cm. As far as the RF beam shaking is concerned it should be feasible to apply the proper
oscillating component to the electrodes of the transverse feedback system for the eectron beam.
Similar considerations are to be applied also to the positron beam in order to make the two beams
collide with the right phase at the two interaction points.
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Appendix A :

“Calculation of the relevant parameters of the ion clearing system
for the DA®NE Electron Main Ring”

In order to estimate the neutralisation factor n, we must set an upper limit to the maximum

tolerable linear tune shift 6Q,,, due to the presence of the ion space charge. For rectangular
gaussian beams we have that :

JF,

X _ 9y

e <1, (A1)
ady

therefore for flat beams, i.e. o, << o,, thevertical tune shift is the critical one. The chosen limit

for DA®NE is 6Qy = 0.001, and the analysis of the betatron functions has been limited to one
half of the Main Ring due to its mirror symmetry .

For the neutralisation factor (7)) we have[6]:

AQ-y
D-A-l. (A.2)

——~

=

=
R

where:

y = electron energy normalised to the electron energy at rest;
| beam = beam current (A)

A \B,(1+K)
KB+ KB, )

_rC
DL€ ()

with r_ = classical electron radius.

The DA®NE project requirements for the beam lifetime limit the vaue of the mean pressure
in the Main Rings of the collider to:

(P)=1x10"°Torr, (COrelated) (A.3)

The gas load is mainly due to the synchrotron radiation induced gas desorption from the

vacuum chamber walls. The measured percentage [7] of CO is about the 35% of the total photo-
desorbed gasload (CO related). It means a partia pressure of

P(CO)~35x10"Torr (A4
and agas density :

p(CO)~35x107"-3.294 x 10 = L153x10"°m™>, at 20 °C. (A.5)
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Figure A.1. The optical functions of half DA®NE Man Ring are shown as function of the longitudina co-
ordinate s, starting from the half long straight section. The value of the quantity A is also reported.

Therefore:

(CO)

prod

where 0% = 14x10*cm? [3].

The DA®NE project provides three operating values for the beam current , i.e. three vaue sets
of the neutralisation factor n, (1=5.3 A with 120 bunches, 1=2.65 A with 60 bunches and 1=1.325
Awith 30 bunches). The resulting values of 7, for the two main residual gases, are then used to

design theion clearing system. In table A.1 the resultsfor n and 5, are reported.

=co,p =0.483s™,

(A.6)

Table A.1. The results for the neutralisation factor n and the maximum drift time zJof the trapped ions ae

reported for the two main residual gases present in the vacuum chamber and three different operating values of the
DA®NE €electron beam current.

0P Tar (S) n® Taon(S) n*° Tan(9)
Ho =1x10° | 24.2x10°|| =22x107° | =84x10°|| =4x10° | =17x10"
CO o =2x107° o =41x107° o =83x107°
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“Solution of the Poisson equation with Dirichlet boundary conditions

for arectangular box of infinite length”

Starting from the Poisson equation” :

V?® = —4np inside the vacuum chamber
d=0 on the chamber walls (i.e. Dirichlet b.c.)

The definition of the Green'sfunctionsis:

V'?G(X,X') = -4md(X,X’'),

(B.1)

(B.2)

and by applying the Green’ s theorem to the potential @ and the function G(x,X') we can obtain:

\

+4—1ﬂf G(X,X')— - ®(X

S

For the Dirichlet boundary conditions we impose:

G,(X,X')=0 forx' €S.

(B.3)

(B.4)

A= eC'e= linear charge density,

x,y = horizontal and vertical transverse
co-ordinates,
s = longitudinal co-ordinate of the
motion of ions and electrons,
N2 = total number of electrons,

C =tota circumference of thering,

0Oy, 0y, =standard deviations of the

electron distribution,
Xc,Yc = beam centre transverse d=V(X,y)

co-ordinates.

* C.G.S. units.
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Furthermore, in our case:

®=0 forx'ES

(B.5)
So that:
D(X) = fp()_(')GD()_(,)_(’)d3X’. (B.6)
In the case of auniform charge distribution along z, eg. (B.6) becomes
(1) =fp(r")dr"-g(r‘,r"). (B.7)
S
For the g(r,r’) it holds:
(07—2 +é'_2) o(r,r") = -4nd(x-x)s(y-y') (B.8)
axz  oy? )T ’
and:
o(Sr)=0. (B.9)
The solution isfound to be:
(XY Gl XN G Y gy Y
sin sin sin
I \a /)" a /)" /)™ b )
o(r.F )_n,mE:mab i+12 , (B.10)
a b

where a,b are the vacuum chamber cross section dimensions and which gives for the potential ®

s sm( nnX\Sin( nnx’\sin/ nny\sin( naty”\
o(xy)= 28 5 faxfaypcy) 2L g e L e L ey
nmyo SR
a b

Inour case o, <<aand o, << b sowe can replace the integration limits of (B.11) with +
carry on the integration and obtain the solution:

(V) G MK gl MY g Ye
a(xy) -2 8§ a )T a ST b ) b )
’ nabm " n’
20 (B.12)
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Appendix C:

“Solution of the Poisson Equation with Dirichlet b.c. for
acircular box of infinite length” The approach is the same of Appendix A, (see equations B1-
B6). For a uniform charge distribution along the z variable and with a vacuum chamber of
circular cross section we can write:

a 27

(r,0) =fr’dr’fd6’p(r’,6’) Eanm(r,r’)e‘m("“”). (C.)
0 0 mi=—oo
The Poisson equation is.
2
Lo (ra,g.)-" = 2s(r -1, (C2)
r r r
. 7 149 , 2 ,
ie: P i g,(r,r')= —?6(r -r'). (C.3)
A
d=0
o=V
-a a -

Figure C.1. Bi-dimensional case of circular box of infinite length where the external surface is kept at ground
potential.

The solution of the above equation is:

N = _oinl )
go(r,r) 2In\a} r,ifr>r’

, mqs Wherer = . (C.4)
a0 2][£)-

mi\r a

>

For the charge density p(r',0’)we have:



G-38 pg. 20

A r’f 1 1 cos20'(1 1)
h0')= expl—- -1l C5
P 0) 2n0,0, Xp{ 220272027 2 |02 & } (C5)
thet leadsto :
a 12 12
O(r,0) = r'dr’exp —r—(iz iz\ _|n/r_\|0(r_/i2_i2\\+
0,0,% 4L(7X oyJ \a/ L4kax ayJ)
. (C#)
o< (21 1)) r2 (rr)?
+Y | —|—5-—5|| 0820 |5 -~
z 2l L 4 LOX OyJ) : a
Forr=0,r_=rand r_=r'weobtan:
; r2( 1 V| oy, [rAr 1)
®(0) = - arrexpl—|—=S+—||InN—=il|—| =5-—= C.7
(0) GXO'y{ P 4kof+0§) \a/® 4La§ aj) (1)
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Appendix D:

“Calculation of the Electric Field due to a Clearing Electrode for
a rectangular box of infinite length”

In order to evauate the behaviour of eectric field due to a DC biased electrode we can consider
the case shown in Fig. D.1.: arectangular conductive box with three sides at ground potential and

the fourth with a strip of length A at the potential ®=V.
The definition of the Green’s function in the two-dimensional caseis' :

VEG(x, X', y,Y') = =8(x = x')(y - ¥) (D.1)

For the delta function we can write™ :

hd iﬂ(x—x’)
OXx-X)=— Hed , D.2
(x=x) aE (D.2)
y
b
D=0
o=V
Figure D.1. Bi-dimensional case of a
N 2 o rectangular box with three sides at
a A A a X ground potential and the fourth centrally
- - - - biased at ®=V for atotal length A.
2 2 2 2

and for our Green function :

*M.K.S. units.
™ It'saways possible to expand afunction f(x) as a series of orthonormal functions. The

generic function f(x) may be expanded between -r, © as.
F()= 3 fae™

where: T

}'f(x)e‘"‘xdx.

Therefore:
00=] 1)

and for the deltafunction it holds : .
d(x-x')= % Ee'm(x‘x ).

Mm=-o

Inour case |x| < g and |x'| < % So|x - x| < a, and the representation for the delta-function is:

ieim(x_y)}dy

T m=—



o imm

2 r\. 1 a '
VG =-4(y-Y) Z—amzme (x=x').
We arelooking for a solution like:
1< (e
G= Emzwgm(y ye
where g satisfies:
9>  mtr®
= =-56(v=V
(25" o = -oly-y)

Thereforefory<y' :

whilefory >y :

weobtainfory<y' :

sinh[n;t(b—y’)} |

VoA L[
Gn(¥1Y') = (M) nh{ =~

\a )

andfory>y' :
sinh[mn(b—y)]

yoa| | a (™
Gn(¥1Y') = (M) sinh{ —

\a )

)
Y]t

y/

).
/
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(D.3)

(D.4)

(D.5)

(D.6)

(D.7)

(D.8)

(D.9)

(D.10)
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Therefore our Green function will be:

oo

G(y,y') = g(y:y) +%Egm(y, y):

= (D.11)
_ me S(mn N LM\ M
2| cos — x1cos — X sn —x}snl —x'1 |,
[S(a/ a )7\ a ) a )
with;
b_ !
go(y,y’)=y(Taby) for y<y’
y’(b—y) ) (D.12)
i N 2\" JJ .I: '
%(VY) oy TNV <Y
The Green theorem states that:

a0 96

[(GV® - oVG)d*x = de’(G prak ek (D.13)
from which we obtain :
[ —D(%')5(X - X') + G()‘(,)‘(’)p(g)_:,)]d&’ =ﬂq>j—5 - GZ—;D, da. (D.14)
Sincein our casep(X') = Oinsidethe volume V, and G(S X') = 0, we obtain:
D(x,y) = —£<Dj—§da’ = Va”p"_/ffde,Z_)(/B’yEO (D.15)

Therefore:
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Carrying out the integration we obtain:

inh{ ™ (b - v))

O(xy) _(b-y)A < ign/ﬂA\cos(@x\snh\ 2 *7Y) (D.17)

Vi, 2ab T gmm \2a /) \a ) g '

\a '/
The value of the vertical component of the eectric field, at the beam centre, is:
cosh|— (b-y)

E,(x.y) _ ID(X,y) _ A (mnA\ cos< rmX\ [ (D.18)

Vappi, Iy 220" aml sinh(mnb) |

a

In Fig. D.2. the behaviour of Ey, a the beam centre, vs. the Clearing Electrode width is
reported; the considered vacuum chamber cross section has dimensions a=7.5cm, b=5.3cm.. In
Fig. D.3. and D.4 the électric field Ey vs. the transverse co-ordinate is shown.

%Ey(O,b/Z)/Vappl. vs. CE width A

a=7.5cm,b=5.3cm

20 71 T T T ‘! T T T T ‘i T T T T i T
H H H «EB/_’
T
0 B— 1
0.0 10° 2.0 107 4.0 102 6.0 107 8.0 102

A(m)

Figure D.2. The behaviour of the vertical component of electric field due to the Clearing Electrode CE, at x=0,
y=b/2, normalised to the applied voltage V gpp., vs. the electrode width A.
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%Ey(o’blz)/vappl. A=3.0cm
a=7.5cm,b=5.3cm
‘ T

14

12

10

(m?)

appl.

E/V

y

0.0 10° 1.0 102 2.0 107 3.0 107
x(m)

Figure D.3. The behaviour of the verticad component of eectric field due to the Clearing Electrode CE,
normalised to the applied voltage V gpp.., for an eectrode width A, at y=b/2, vs. the x co-ordinate. (Bending

Magnet zone)

—N—E (0,b/2)/V A=4.0cm
y appl. a=12.0cm,b=2.0cm

(m?)
L]
\

appl.

E/V
|
\

y

20 A

10 + -
0 -+ | | N -
0.0 10° 1.0 102 2.0 102 3.0 10% 4.0 10° 5.0 10°

x(m)

Figure D.4. The behaviour of the verticad component of eectric field due to the Clearing Electrode CE,
normalised to the applied voltage V gpp.., for an electrode width A, at y=h/2, vs. the x co-ordinate. (Wiggler)
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Appendix E:

“Calculation of the Electric Field due to a Clearing electrode for
acircular box of infinite length”

Following the notation of Appendix C.1, in this case we have for the potentid only the
contribution from the surface, (see eg. 16, p. 6)" :

1 [ \,9G)
&(r,0)=-—(da'l -vV—! =
(r.6) 4n£ \ o)
i . ; ; (E.D)
=Vﬁade’y{go(r,r’HZlecos[m(H—0')]gm(r,r’)}r’=a
Inserting in the above equation the solution C.4, we obtain:
@(r,0) = —!iﬂjde’cos[m(é) -0')]=
J-|:m=1am 0
z A : (E.2)
V&1 . (mh)
=-—) ——sinj— cog mo
. mE:lamm 2] s(mo)
A
o=0
>

Figure E.1. Bi-dimensiona case of circular box of infinite length where the external surface is kept at ground
potential except for an arc of aperture 6.

* C.G.S. units.



The electrical field isgiven by:

r r
E._d®r 1005
ar roo
V& . (mo) ™! r. ra
=am215|n - am_l[cos(me)r—sn(me)e]
Expressing t and 0 as:
I = cosOx+siny
"
6=—sin6>r<+cost93r/
we can write the equation E.3 as.
E_ 2 (md)rm r
mé\ r
—=—)sn — co§(Mm-1)0 |Xx—sinf(m-1)0|y;;
Vi) Lz)am-l{ {(m-1)6]x-sin(m-1)6]y}

and for r = 0 weobtain:
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(E.3)

(E4)

(E.5)
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Appendix F.1:
“DA®NE Electron Main Ring Layout”
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Appendix F.2:
“DAO®NE First Bending Quadrant Layout”
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Appendix G :

“Other results of tracking for trapped ions in the second Bending Quadrant
of DA®NE Electron Main ring”

DA®NE 2™ Bending Quadrant

Beam Potential

cD(XC, Yc’s) Day one, k=0.01

_600 :uuumuuum:___-.‘Iumuuummumuuuuuuu‘gm;:Hmmm#mmmm H\H\!‘Hﬂmw‘rﬂﬁ\ﬂ\ﬂ\mﬁ:Hmm\mmm%
SO S N T GTewn P

- i ! i L ' 1AY 1

Lo wWee o dewi

-800 ' : I i I i 1

a) 1 : ! o

2900 N - 15 S A B

1000 - [ ‘ i ! \‘:f\i -

— - L 1 ; B LI e

S -4 ] : P

e L 1 Y : 1 1 ‘ | | 4
-1100 [ r g oy : ! 5 - L . 0

S - S T B

[ RO e = N SRR A - SO (I R S = - a1

-1200 ¢ I ! H . ' ]

- 1&g A '

[ 1 © : 1 w 1 [N | ]

-1300 1 I S S A R R HAR M- 0

i i ! N ! ! ' 1

r H ; ; : ]

_ 1400 7Muuﬂbhr‘ﬂ‘H‘H‘H“IMJJJLMFJMI‘H‘H‘H‘+‘H‘H‘H‘H‘ wu‘wwﬁuﬁ#uuuul L L
35.0 37.0 39.0 41.0 43.0 45.0

s(m)

Figure E.1. The potential @(x, X¢,Y,Yc,S) due to the electron beam, cdculated in the beam centre position (see

Sect. 1V), plotted vs. the longitudinal co-ordinate s for the second Bending Quadrant, BQ, of the DA®NE Main
Ring for electrons.

A=44
50=36.2m
Xo:Xc‘yo:Yc
4 10°% | | ! | ]
- r : \N\ i
3.5 107 5 §
3 102
25 102 e e |
E 2107 s e :
> [ i
1.5 102 N S . |
1102+
5 1072 | ~——vacuum chamber wat-—
0 10° + \ |

0.0 10° 1.0 10° 2.0 10° 3.0 10° 4.0 10° 5.0 10°® 6.0 10° 7.0 10°
t(s)

Figure E.2. The transverse co-ordinate x of the tracked orbit of a mass 44 ionised in the point a).
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A=44
50:38.1 N S(m)
x=X,y=Y “-e--x(m) ‘ ‘ )
03_082010‘-17””HHHH!HHHH!HH e 7.5 10
3.8 10* \N\ \N\ --------- v écuum chamber'-wall-j‘"% 7 107
3.78 10" T “+ 6.5 107
3.76 10" + \& - 6 107
- r 3 . x
E 374 100+ 1 -+ 55 1073
(7] [ : | - ~
1. ' ‘ . -2
3.72 10 r Fring. Fieldbeginningcloseto3rdBend.Mag. - 5 10
3.7 10" + ‘ ' 1 < + 4.5 107
3.68 10 | , Leae 4107
,,.,,,,F,,,.,,,,,,E,,.,,,,',,,j,,,,,,,,,,,,,,d ]
3'66 101 1 L 1 L §;J L L 1 } 1 L 1 L { L 1 L 1 1 L 1 L J‘ L i L 1 } 1 L1 L L 1 L Jﬁ 3.5 10—2

0.0 10"1.0 102.0 10%.0 10%.0 %o‘)%.o 10%.0 109.0 10%8.0 10°
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Figure E.3. The transverse co-ordinate x of the tracked orbit of a mass 44 ionised in the point b). The fringing
field of the third dipole is effective in removing the trapped ion coupling the longitudinal speed vg with the

transverse one Vy.
A=44
s,=38.1 -~~~ -5(m)_100%_8kV
x=X ,y=Y  —S—y(m)_100%_8kV
°382161gw‘prwjmwgwwwwijw‘wwww,2.7110'2
3.8 10" + k- /\ + 2.7 107
i e 1
3.78 10' e.ectrode(vapp.-BKV‘ v { 2.69 107
o 376 10"+ A— - i - 2.68 105
= - i 4 3
7 374 10 i J‘\ ™ + 2.67 1077
3.72 10" J \/\ 3 1 266 10°
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- | sUTVVETUVVRDY.
3.68 10! T i 5 64 1072
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Figure E.4. The transverse co-ordinate y of the tracked orbit of amass 44 ionised in the point b). The effect of a
clearing eectrode, (4 cm long), centred in s=37.5m is shown ; it is not effective in removing the ion in the
vertical direction.
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