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> Abstract

The design strategy of the Medium Energy Electron-Ion
§ Collider (MEIC) at Jefferson Lab considers both the match-
= ing of the beam spot sizes at collision and a 50 mrad cross-
‘E ing angle along with crab crossing scheme for both electron
% and ion beams over the energy range (1/s = 20 — 70 GeV)
£ to achieve high luminosities at the interaction points (IPs).
% However, the desired locations for placing the crabbing cav-
£ ities may include regions where the transverse degrees of
g freedom of the beams are coupled with variable coupling
£ strength that depends on the collider rings’ magnetic ele-
2 ments (solenoids and skew quadrupoles). In this work we
+ explore the feasibility of employing rwin rf dipoles that pro-
£ duce a variable direction crabbing kick to account for a range
-Z of transverse coupling of both beams.

INTRODUCTION

. Due to spacial and technical restrictions on the MEIC
Z lattice, high B regions with transverse coupled beams
2 are being considered as locations for the crabbing cavity
é correctors [1]. In this academic exercise we have used
& simple analytical methods to evaluate the effects of the
§ solenoid field in the interaction region (IR). By backtracking
© the bunches to the crabbing cavity locations, we have
g determined the proper kick angle needed to produce the
§ desired horizontal crossing orientation of the colliding
= bunches at the IP. We have considered basic setups to
< account for the variable coupling in the crossing correction
@ scheme to restore luminosity degradation in the machine.
8 The setup we focus on, involves the use of double (twin)
£ crabbing cavities that can provide an effective variable
S angle kick within the needed range to compensate for the
£ beam energy dependent transverse coupling.
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Definitions

For this first study we considered only the linear effects of
2 the solenoids [2], crabbing cavities and of the quadrupoles
2 composing the final focusing blocks (FFB) [3]. We use
& the following notation in the transfer matrix [4]: with F
£ is the focal length, D is the drift length, C = cos(KL),
gS =sin(KL), K = % where ¢ is the particle charge,
» Bsoi is the solenoid magnetic induction, P is the particle’s
momentum, and L is the solenoid length.
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TRANSVERSE BASIS ROTATION

The transfer matrix from the crabbing cavity location
towards the interaction point (IP) with the crabbing kicker
off, can be written as:

Mt = MsoLMMrrg; (D

where Migor,, My, and Mggp represent the thin-like lens
transfer matrices for solenoid, drift, and final focusing block
respectively. With the transverse basis at the IP given by:
£T =(1,0,0,0,0,0), and 7 = (0,0,1,0,0,0).
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Figure 1: Transverse coordinate basis at the IP (solid) and
coupled transverse coordinate basis at the crabbing cavity
position (dashed), where Bg,; is the solenoid field strength.

To back propagate the IP’s transverse coordinate basis to-
wards the crabbing cavity position, we established a new set
of transverse coordinates at the location of the crabbing cav-
ity (Xcoup» Jcoup) as a linear transformation of the original
transverse basis at the IP (See Fig. 1):
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where with T = tan(KL):
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Pluging this into Eq. 2, we get:

., = (C(C-DKS).x,,S(C - DKS),y}.0,0),
Seoup = (-S(C-DKS).x}.C(C- DKS).y}.0.0).
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Once again using this result and the diagram of Fig. 1, we
could determine the horizontal and vertical angles as:

_ S(C-DKS) _
tan(a) = —C(C “DKS) _ tan(B) =T. 3)
CALCULATIONS
Mixing Angle

We analyzed the behavior of the mixing angle K L, both
for electrons (P, = 5 GeV, D, = 4m, F, = 7 m, and
L, = 3 m) and protons (P, = 60 GeV, D, =5m, F, =7
m, and L, = 2 m), as a function of Bg,; in Fig. 2 taking
into account the upstream and downstream asymmetry of
the IP [3].
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Figure 2: Magnitude of KL in radians for electrons (blue),
and protons (purple) at the position of the crabber.

Examples of the coupled transverse distributions both for
electrons and protons for several values of Bs,,; are presented
in Figs. 3 and 4 respectively:
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Figure 3: Electron distributions at the crabber location for
different Bs,; @5GeV, D, + L, = F =7 m.

Rotated Crabbing Cavity

A crabbing cavity rotated by KL about the z axis (i.e.
Mcs = R(—KL)McR(KL) [4]) will give a kick in the
“correct” direction at the crabbing cavity location to pro-
duce the desired crabbed distributions at the IP. The transfer
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Figure 4: Proton distributions at the crabber location for
different Bg,; @60GeV, D, + L, = F =7 m.

matrix for such a rotated crabber can be seen in Eq. 4.

Mcs =
10 0 0 0 0
o 1 0 0o Swead
o o0 1 0 0 0o @&
o 0 0 1 3@ g
o 0 0 o0 1 0
c 13111:(¢C) 0 S tat;slﬁc) 0 0 1

The crabbing angle in the MEIC is ¢c = 25 mrad per bunch.
‘We can use this to find the total transfer matrix as Micyt =
MM, s.

We plot the distributions propagated through Mcst to
the IP for different values of Bg,; in Figs. 5 (a) and (b) for
electrons and protons, respectively.

A plot of the crabbing angle as a function of Bs,;, in Fig. 6
both for the electron (P, =5 GeV, D, =4 m, and L, = 3
m), and proton (P, = 60 GeV, D, = 5m, and L, = 2 m)
bunches, with F = 7 m, shows that the maximum error in
the crabbing angle due to additional solenoid focusing is

~ 7% for electrons and < 0.1% for protons in the studied :

Bs,; range. This extra focusing will be compensated by the
FFB’s quadrupoles.

TWINING THE CRABBERS

As a final step, we studied an array of 2 twin cavities C Xl
and Cy2, whose superposition simulates a variable angle
(Bcoup) crabbing kick 62 = éxl + éxz, that will account for
the transverse coupling of the beams. Then, using Fig. 7 and
the cosine theorem, we can write down the effective kick as:

é): = [Cxl €08(Bcoup — @x1) + Cxz cOS(@x2 — 9coup)] )

X [cos(Gcoup)fc + sin(Gcoup)f’] )

Fig. 8 shows how when optimizing to balance the voltage
needed from the rwins Cy; and C,; (left) to obtain the de-
sired kick, the twins are found to be parallel, thus we lose
angular coverage to a single coupling angle 6coup. And when
optimizing for a maximum angular coverage (right), we lose
balance of the voltage contribution for the cavities. This
trade off needs to be considered to find the optimal angle
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energy spreads have been neglected from the calculations for

crabbing cavity and the solenoid off (green). Figure 8: |Cx| as a function of both rwins’ normalized am-

plitudes C1 and Cy,, for the two extreme values of their

002500 § 'CRI:BBING‘AN('}LE‘ —s relative angle 0y = ax2 — ax1 =0, and 0y, = 7.
° ]

= 0.0245} : . 1 distributions but merely the 2D transverse coordinate system
g ° m Electrons as a first approximation. We conclude that for the MEIC, an
< 002400 ° { m Protons scheme of twin crabbing cavities that provides the proper
° kick for several angles in the necesary range for the various
0.0235¢ ] solenoid strengths is feasible, and the extra solenoid focusing
1 2 3 4 ; has to be compensated by the FFB to avoid a maximum error

on the crabbing angle of ~ 7% for electrons, and < 0.1%.
Further studies will require consideration of the higher order
contributions of the magnetic elements and particle tracking
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