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Energy per beam (GeV) 250 250
In the transport lines of a normal conducting linear col- N (10'9) 2.0 0.75
lider, the long positron bunch train can generate an electron o (um) 0.543 0.243
cloud which can then amplify intra-train offsets. This is a oy (prad) 36 30
transient effect which is similar to the electron-cloud driven oy (M) 5.7 3.0
coupled bunch instabilities in a positron storage ring. In oy (urad) 14 27
this paper, we study this phenomenon analytically. Some o, (mm) 0.3 0.11
criteria on the critical cloud density with respect to given os (%) 0.1 0.3
collider parameters are discussed. Ny 2820 192
At (ns) 337 14
_ Ne 1.58 x 1011 1.42 x 1013
Introduction e (M™2) 1.90 x 1072 1.72 x 1077

In this paper, we study multi-bunch electron-cloud effect; ) 1. Summary of the parameters for the US Cold and
within linear theory. The coordinate system is shown inUS Warm [1]

Fig. 1. Physically, the electron cloud should overlap with

the positron bunch train. However, to show the definition

of the coordinates, we give the positron bunch train withMulti-bunch effect:d-bunch train beam breakup
some vertical lift in the plot. The physics problem is thein a building up electron cloud

following, assume the beam line beginssat 0 att = 0, . .
we want to know how the bunch train is disturbed due to Let us now study @-bunch train. The method is similar
beam-electron-cloud interaction. The positivélirection to that in Ref. [2]. As abovey;(s) is the transverse co-

is to the right, while the internal positron bunch train coor—ord'nat_e of thej-th b““?“ when it passes the pointWe i
dinatez is pointing to the left. approximate the focusing structure by a smooth focusing

function k3 = 27 /(local betatron wave length). We as-
sume every bunch has the same charge, then the equation

t=0 _ . .
s=0 of motion for thej-th positron bunch is
z «——— —> s .
Py;(s) o -
positron bunch train ds2 +ky;(s) = e Z w(z; — zk) F(zk)ye(s), (1)
k=0

Al

wheree;, = ez, with z, being the bunch separation; =

jzy the distance of the-th bunch from the first (zero)
electron cloud bunch; w(z) is the transverse wake due to the electron-

cloud. Causality requires that(z) = 0 for z < 0. To

approximate the buildup process, the current function is
Figure 1. Schematic of the coordinate system for th@ritten

positron bunch train and the electron cloud. The definition F(z)=1—e %, (2)

of the notationss, z, [, andAl are also shown. . .
S e The electron-cloud buildupg, will depend on the sec-

. ) ondary electron yield, vacuum chamber geomedty,
We here assume that the bunches in the positron bU”Cthuation (1) can be solved via Laplace transform, and
train have a separation &/ and a bunch length df For yields the following solution

the US Warm [1],Al =~ 0.42 m and! ~ 0.38 mm, and it
is a good approximation to regard it ag-dunch train. In > n , , .
the US Cold design, the large bunch separation aH0 m yﬁ'(s):ng [Yohn(2)3n (ks 8) + Yogn (2)in(ks, s)], (3)
prevents the electron-cloud from building up. n=0
and
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+ Za?hn(zj) [in_l(k}/g, S) — k%l'n(kg, S)] } (4)
n=1

with
. 1 s \"1 [mkgs
Zn(kﬂ,s): ! <2k‘5> %6 TJ7L+1/2(kﬁs)v %)
. s .
jn(kﬁ78) = %Zn—l(kﬁ78)7 (6)
and
gnt1()) : g (21)
n+ ] _ n
{ e }_kz_ow(zj_zm(zw{ i }
(7)
The initial conditions are introduced as
dy;(s
(=) =vp(z) = B g
S s=0
and
Yoho(zj) = yo(z;) = y;(0). 9)

The wake due to the electron-cloud can be approximatedy;(s) =

as a single deflecting mode with losg,, [3, 4]

w(z) = e " sin(kez). (10)

Notice that, we have put the amplitude in the parameter

in Eq. (13), we have used the neutralization conditian,
Ne = p/(vrb2zb). The corresponding,, is given in Table
1. In getting the threshold, then we will treat as a free
parameter. We want to point out here that, there are pos-
sible resonance phenomena whgn, takes “appropriate”
values. However, such resonance may have a very narrow
bandwidth, hence may not be able to build up coherently.
In this paper, we will treat the beam-electron-cloud inter-
action as perturbation, hence we are in the regime where
hi (z;) ~ 1, especially when we study the threshold.
Explicitly, we have

sin (kgs
yi(s) = yocos(kps) + yé%
+ eofn (z) {yo sin (kss) (14)
2kg
cos (kgs)  sin(kgs)
and
ol sin (Fs) + v cos (kgs)
eph1 (%)) sin (kgs)
+ s% {yo [cos (kgs) + Tg
in (k
+ yosmliﬁs)} +0(). (15)
B

e. In very loose speaking, for the practical system, we are

only interested ire, being small. Otherwise, the systemGiven these, one then can look at the secular behavior by
will not work. Hence, in the following, we will work out only keeping terms proportional te of the perturbation

the first-order solution, and see how the electron buildufgrms. Also, one can deal with realistic beam delivery sys-

differs from that of a steady state.
Assuminghg(z;) = go(z;) = 1, we find
hl(n7zbaa7k65'zj) :gl(n7zb7aake7zj) (11)
:h‘is(’l’], Zb, ke7 Z]) - e_jathis (n — &, Zp, kea Zj)a
where
his(na Zb, kEa Zj) = gis(na Zb, ke; Zj)
e 12
1 —2e7 % cos(kezp) + €207 (12)
{sin(k’ezb) {1 — e MY coslk. (7 + 1)zb]}

— e M sinlk.(j + 1)z {1 — e 1? Cos(kezb)}} ,

X

are for the steady statee., for F(z) = 1. So, the buildup

tem, by constructing a linear transport matrix for each ele-
ment using Egs. (14) and (15).

At this stage, maybe it is worth to mention that(z;)
has the following expression for different regime:

ha(n, 2y, o, ke, 25) = g1(n, 26, @, ke, 25) (16)
Jjazphis(n, 2p, ke, zj)—l—aw fora < 1

= his(n7zbak€7zj) - e_]athﬁs(n —Oé,Zb,ke,Zj) 3
h3®(n, zv, ke, zj) fora>1

Namely, if the electron-cloud buildup process is very slow
in the interested time duration, then we are in the linear
growth regimej.e, o < 1. While in the other limit,, i.e,

the electron-cloud builds up very soon, then we are in the
steady state regimee., a > 1.

process introduces a term with a modified quality factoResylts

Q relates ton by Q = k./(2n). Interestingly, ifn = «,

then the buildup will compensate the loss. Also, this term NOW, let us look at the US Warm case, we are inter-

is transient in nature, and decays very soon, gics, or
more preciselyj(j — 1)« + 1)z, gets reasonably large.
The wake amplitude is defined as [3,&43= k2 k., with

Npre

2 _ MNeTe __
ky = Tb2yzy

2= mere (13)

~ 27
and ke ~ 30

whereN,, is the positron population per bunch, &nig the

ested in the final focusing system. In the final transformer,
G =~ 50 km, the total length is abo®00 m, and vacuum
pipe radius is taken to be= 2 cm. According to simula-
tion, @ ~ 5, i.e, n = k./10. In this paper, we study two
possible build up speed. In the first case, we assume around
the 20-th, the electron-loud reaches steady-state. This gives
1/(5z) =~ k./(10m/3). We are in the regime of

[0

vacuum pipe radius. In getting the above focusing strength ~ n < k.. The second, we assume that it needs 100



bunches to reach steady-state, ther: k./(507/3). We
are in the regime of < n < k.. 1.5 J
Sincekgss < 0.006, we expand Eq. (14) as H ‘
. 1M
h ; h ; > .
yj(s)zyoer{)ersb 1 (%) 052+5b 1(Zj)y683. @an : .||;',‘.~ — e ——
6 0.5/l _——

Similarly, according to Eqg. (15), we have . j{l/

ephi (25) 0
ij682. (18)
Now let us study how this may affect the final beam size
at the Intersection Point (IP). The main effect comes from
the angular kick in the final transformer. This angular kick
will affect the collision location or the beam size at IP. Ac-Figure 2: Effect of the beam-electron-cloud interaction

/ ! ]
i(8) = o vl (25) yos + 1 25 50 75 100
]

cording to Eq. (18), the angular kick is roughly for different bunches in the train. The vertical axis is for
Ay* /o¥ ats = 300 m, and the horizontal axis is the bunch
Ay’ = 2oha () o, ag) ov /oy
where one may take the jitter amplituge= N o, with A/
being a number. 15¢

At IP, the motion is denoted as

mﬁ=/¢ﬁﬁ5wmf—ﬂﬂﬂﬂﬁ, 20

wheres* andy™* are the betatron number and phase at IP il
andd(s) is the angular kick per unit length which is equal >
to 0 = ephi1 (2;) yo according to Eq. (19). Hence, for

the final transformeri.e., the 300 m upstream of the final b 5 e e b

R 0 ¥ LB 13 0 2 S0
doublet, Eq. (20) is simplified as s ]

N [31O7] ()
Ay* ~ /B*B epha (25) Yos- (21)

This yields Ay* Figure 3: Effect of the beam-electron-cloud interaction for

= N Bsephy (25) . (22)  different electron-cloud equilibrium density. (m~3). The

Y vertical axis is forAy* /o7 ats = 300 m, and the horizon-

As a quiCk estimate, we taW = 1, i.e., 1 Oy |n|t|al jitter, tal axis is the electron density_
andh; (z;) ~ 1, then given the electron-cloud density of

the neutralization, we would hav&y* /o, ~ 2.6, which

indicates that electron-cloud should be an issue. REFERENCES

To be more precise, we take n 1', andh, (ZJ> from [1] http://www.slac.stanford.edu/xorg/accelops/.
Eg. (11), and show the results in Fig. 2, where the red

solid curve stands for the steady-state result; the blue dd@ J-R- Delayen, Phys. Rev. ST Accel. Bean§84402 (2003).
ted curve is for fast buildug,e., the buildup is within20  [3] K. Ohmi, F. Zimmermann, and E. Perevedentsev, Phys. Rev.
bunches; the green dashed curve is for slow buildup within E 65, 016502 (2002).
100 bunches. [4] S. Heifets, SLAC-PUB-9105, January 2002.
Given these parameters, then it shows that to keep
Ay* /oy < 10%, we need to keep. < 2 x 10'* (m~?).
Some details are shown in Fig. 3. Since we cholse 1,
the results should be scaled accordingly with

Discussion

In this paper, we study the multi-bunch effect due to the
beam-electron-cloud interaction. The results fpg, =
27/3 show that such effect would be an issue, if the sys-
tem reaches neutralization. The threshold would be around
ne ~ 10" (m=?) for Ay* /o < 10%. More detailed study
is needed to explore the importancekpt; including pos-
sible resonance phenomena.
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