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Abstract Initial Value Problem

In a linear collider, sources of beam jitter due to The internal coordinate is introduced to label the slice
kicker noise, quadrupole vibration and long-range trant a distance from the head of the beam, afd< = < [,
verse wakefields will lead to beam offsets and tilts at thwherel is the beam length. We defire= 0 when the
Intersection Point (IP). In addition, sources of emittancBeads of the two beams collide. We also define 0 as
dilution such as short-range transverse wakefields or dithe IP where the two beams first collide. The positive
persive errors will lead to internal beam distortions. Whedirection is to the right. Hence in the left-coming beam,
the IP disruption parameter is large, these beam imperfele slicez will be located at = vt — 2 at timet when the
tions will be amplified by a single bunch kink instability beam head is at the locatian= vt. In the right-coming
which will lead to luminosity loss. In this paper, we studybeam, we also introduceto describe the distance between
the luminosity loss and then the optimization required t& certain slice and the head of the beam, and again
partially cancel the luminosity loss both analytically and: < I. Hence, when the head of the right-coming beam is
with direct simulation. at locations = —ut at timet, the slicez is at locations =
—vt+2z. We now us€s, z) as the independent variable pair,

. and we defing?2 = 2\r./ [0, (0, + 0,,)v]. The coordinate
Introduction system is shov?/n in Fig./l[. JI\(Iow let lﬁ)sys],tudy two cases. For

To achieve the desired luminosity in a future linear colthe first case, the right-coming beam has an initial offset
lider, the beams are focused to small spot sizes and the feo, @nd the left-coming beam is undistorted and on-axis.
sulting beam-beam forces can be very large. With oppd-"€ second case, the right-coming beam is crabbed, and
sitely charged beams, the beam-beam forces will lead to3€ left-coming beam is perfect. The initial conditions are
mutual focusing or pinch which further increases the beafen 5
densities and the luminosity and is referred to as the lu- 1(0,2) =0 and (s, 2)
minosity enhancement. In addition, if the beams are off- 9s
set from each other, the attractive beam-beam force céor the left-coming electron beam. In the first case,
bring the beams closer together possibly recovering some
of the lost luminosity. Unfortunately, if the beam-beam (0, 2) = gro and yr(s,2)
force is too large, this attraction can lead to an instabil- ds

ity much like a plasma two-stream instability which is re- ) ) ,
ferred to as a single bunch kink instability [1, 2], which (:ar{Or the right-coming positron beam. In the second case,

=0, 2

s=0

=0, @)

s=0

be parameterized with the disruption paramefey; ., = By» (s, 2)
o2/ fe()] = 2Npreo: /(104 () (00 + 0y)], Where fo( ) Yr(0,2) = broz and Ts? =0. 4
is the focal length due to the beam-beam foreg;,, ) is s=0
the rms beam sizey, the number of particle per beam,  The equations of motion together with the initial condi-
the electron classical radius, andhe Lorentz factor. We  tjons yield the following integral representation of the so-
will follow closely to the approach in Ref. [2] lution
Oyi(s, 2) sin [ko(s — 2/2)]

Suppose that two beams move towards each other with + Os B ko ®)

velocity v, the equations of motion read [1] i s=2/2
) + ko/ ds'y.(—s',2s" — z) sin[ko(s — 5)] .
0 0 2)\7’602 [yl(,r) — yr(,l)] z/2
5 T V8 ) Y=~ (00 + ) @ . .
$ y\Tz T 0y)Y Similarly, for the right-coming beam, we have
where,y;( ) is the centroid displacements of the electrorzlr(s’ 2) = yo(—2/2,2)cos[ko(s + 2/2)]
(positron) beam from the reference axis ands the line Dy, (s, 2) sin [ko(s + 2/2)]
density. The readers may refer to Ref. [2] for details. 4 HSE il U (6)
s s=—2z/2 ko
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Series Solution

Let us solve the above set of Egs. (5) and (6) via a se-
ries solution approach [2, 3, 4]. We expapd, (s, z) in a

series of powers ik y | X

Z @) R O

Yr(1)(5:2) y'r(l
electronbeam v er \ero
and obtain theith-order term from thén—1)th-order term. PR
According to Eq. (5), fon =1,2,3,-- -, yi(s, z) would be ' positronbeam
yl(")(s, z):k(J ds'yﬁ"fl)(fs’, 25'—z) sin[ko(s—s')]; (8) S
z/2

and similarly, according to Eq. (6), far.(s,z), we have  Figyre 1: Schematic of the initial condition of the two

) , (n=1) , _ , beams and also the definition of the notatiossz,( ;, [,
yr' s, 2)= k/ ds v (=s'=25'=z) sin[ko(s=5)]- (9)  andy,,. In Fig. 1,6, < 0.
According to Egs. (5) and (6) with the initial conditions in
Egs. (2), (3), and (4), we can get series solution as Ref. [Zpr (I + 2)/2 > s > z/2.
Here, we only give explicit asymptotic solution.

Offset For the first casei.e., the right coming beam Luminosity
has an initial offset, we have The luminosity is defined as [5]
yr(s,2) =~ —WTTO\/ M (Zkov 2|25 + 2 /2) L= 2Nb2v/dxdydsdt ni(z,y, zi, t)ne (2, Y, 20, t), (14)
x  sinf[ko(s + z)} (10)
wherez; = vt — s andz, = vt + s and we assume the
Yo J1ESTE] 25 + 2| ( Ko~ /Z|23 Ny ) same number populatia, in each beam and head-on col-
2 lisions. The distribution function is normalized to urié.,
X exp {km/z|23 +z /2} sin[ko(s + 2)], [ dxdyds ny .y (x,y, z(.t) = 1. Assuming Gaussian
transversely and uniform longitudinally, and ignoring the
for —z/2> s> —(l+2)/2; and luminosity enhancement due to beam-beam pinch, the ‘ge-

Yro , ometric’ luminosity isCoy = N?/ [4ro,.0,]. Finally, the
~ —Z=Jy|iko\/2(25 — 2 s[ko(s — . . . - b Y .
w(s, 2) 2 0 (l 0V/2(2s = 2)/ )COS[ o(s = 2)] nominal luminosityL, including the effect of the luminos-

_Yro (nko (25 = z)> —1/2 ity enhancement, is found by multiplying by the enhance-
2 ment factorH p which is typically between 1 and 2 for flat
[loe ) . _ beam collisionsi.e., £y = LooHp. Now, we study the lu-
e {ko 2(2s Z)/Q} cosfko(s —2)],(11) minosity loss due to the beam-beam disruption. Given the
for(l+2)/2> s> z/2. solutions in Egs. (10} (13), we compute the luminosity.
On the other hand, we also simulate the luminosity loss via
Crabbed beam For the second case.e. the right GuineaPig [6] for longitudinal Gaussian distribution.
coming beam is crabbed, we have

p(s,2) ~ z%ﬂo [12s + z| I (ikox/mﬂ) Table 1: Summary of ;\r;e([;g{g?eters for the US Cold [7].
0 z b

Q

E (GeV) oy (um)
X cosl[ko(s + 2)] (12) 250 2.0 0.543
~1/2 oy (prad) | o, (nm) | o, (urad)
~ f% @ (ﬂkm/z|25+z\> 36 5.7 14
0 o. (mm) | o5 (%) D,
X exp{kox/2|2s+zl/2}COS[ko(sH)], 0.3 0.1 22.0

for —z/2 > s > —(l +2)/2;and

vi(s,z2) =~ _7(]0 (zkox/ 2s — 2 /2) sinfko(s — 2)]

97« 1/2
—— (Wko 2(28—2)) Now let us illustrate how the beam-beam disruption

Ko leads to a large luminosity loss. We study the ILC US Cold
X exp {k(>\/2(28 - Z)/2} sinfko(s — 2)],(13)  [7] with the parameters in Table 1. In Figs. 2, 3, 4, and 5,

Luminosity loss

Q



Figure 2: Luminosity loss as a function of offsgt, for
variousD, = 1 (black solid),5 (green long-dashed),0
(red dashed), anaD (blue dash-dotted).
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Figure 3: Luminosity loss as a function &f, for various
yro/oy = 1/3 (back solid)2/3 (green long-dashed),(red
dashed), and/3 (blue dash-dotted).

Figure 5: Luminosity loss as a function &, for vari-
ousf,, = 1 (black solid),5 (green long-dashed)p (red
dashed), and0 (blue dash-dottedyrad.
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Figure 6: Luminosity loss as a function of initial crabbing
angled,., for various offsety,., = 1/3 (black),1 (green),2
(red), and> (blue). Curves for analytical result and symbol
for GuineaPig simulation.

we luminosity loss as a function of various parameters. All

these plots show that wheh, is large, sayD, > 10, the

beam-beam disruption tends to exponentially amplify ini
tial offset as well for initial crabbing angle. This is similar

to the modulation studied in Ref. [2].

Luminosity optimization

that the beam-beam attraction will bend the beam opposite
to its original angle. The configuration is shown in Fig. 1.
Now, in Fig. 6, the right-coming beam has an initial offset
of yro/0y = 1/3 (black), 1 (green),2 (red), ands (blue).

We vary the initial anglé,o. It is clearly shown that the
optimization for each case comes at a negatjye

We now study possible optimization via partial cancellaDiscussion
tion among various imperfection. As an example, imaging p e to the strong beam-beam disruption, initial imper-

that the two beams come in with an offggg; naively, we

fectness is exponentially amplified, which leads to substan-

would crab the right-coming beam with a negative angle, sgy| jyminosity loss fotD,, > 10. In reality, beams have off-

J_\____. ; ; |

U S |

548 e ]

- | - -

4 0.4/ !
0.2/

2 a 6 8 10

8,0 (prad)

Figure 4: Luminosity loss as a function éf, for various
D, =1 (black solid),D, = 5 (green long-dashed]}), =
10 (red dashed), anfd, = 50 (blue dash-dotted).

set, crossing angle, and also modulation [2], then a detailed
optimization is necessary, besides feedback approach.
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