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Abstract 
The proposed Jefferson Lab Electron Ion Collider 

(JLEIC) currently plans to use a crab crossing scheme to 
maximize the available luminosity. It had been suggested 
that space and cost savings, as well as hadron beam quality 
improvements, could be realized by leaving the ion beam 
un-crabbed and increasing the crabbing angle of the elec-
tron beam. This and variations in-between equal and totally 
one-sided crabbing are examined for both JLEIC and LHC 
parameters, with various changes in crabbing angle and 
frequency studied to maximize luminosity. 

INTRODUCTION 

This work aims to determine whether it would be possi-
ble to use different crabbing angles in a collider system to 
get the type of luminosity increase that you would get from 
symmetric crabbing. Crabbing is the process whereby each 
bunch is given differential kicks along their length. In a 
collider where the beams cross at an angle, the rotation 
caused by crabbing would have the bunches collide nearly 
head-on, eliminating any luminosity reduction from the 
crossing angle [1]. The possibility of only crabbing one 
bunch has appeal for systems like the Jefferson Lab Elec-
tron Ion Collider (JLEIC) where it would be easier to crab 
the electrons than the protons.  

In this work we use the formalism developed in [2]. 
Namely that in order to model the collision angle we recast 
our position equations as: �ଵ = ݏ݋ܿ� ቀ�೎ଶ ቁ − ݊�ݏݏ ቀ�೎ଶ ቁ +…                (1)     + ଵ�೎ೝభ ݏ௥ଵሺ��]݊�ݏ − ݊�ݏ[ሻݐܿ ቀ�೎ೝభଶ ቁ , �ଶ = ݏ݋ܿ� ቀ�೎ଶ ቁ + ݊�ݏݏ ቀ�೎ଶ ቁ − ⋯                (2)     − ଵ�೎ೝమ ݏ௥ଶሺ��]݊�ݏ + ݊�ݏ[ሻݐܿ ቀ�೎ೝమଶ ቁ,  ݏଵ = ݏ݋ܿݏ ቀ�೎ଶ ቁ + ݊�ݏ� ቀ�೎ଶ ቁ,                       (3) ݏଶ = ݏ݋ܿݏ ቀ�೎ଶ ቁ − ݊�ݏ� ቀ�೎ଶ ቁ.                       (4) 
Where the density function for a given dimension is, �௤ሺ�ሻ = ଵ�೜√ଶ� ݁− ೜మమ�೜మ ,                            (5) 

And the total luminosity of the system is given as, ℒ =                                           (6) �ℒ ∭ ��ሺ�ଵሻ��ሺݏଵ − ଶݏሻ��ሺ�ଶሻ��ሺݐܿ + ∞ݐ݀ݏ݀�ሻ݀ݐܿ
−∞ , 

where, �ℒ = ��್భ�್మ�ೝ���್√��� ଶݏ݋ܿ ቀ�೎ଶ ቁ.                   (7) 

In this system θc is the crossing angle of the bunches, and 
θcr1 and θcr2 being the crabbing angles on bunches 1 and 2 
respectively. The terms kcr1 and kcr2 represent the wave 
numbers of the crabbing cavities, c is the speed of light, 
Nb1 and Nb2 are number of particles per bunch in bunches 
1 and 2 respectively, while nb is the total number of 
bunches. This formalism does not take the hourglass effect 
into account, it also doesn’t model pinch or beam-beam ef-
fects. 

JLEIC RESULTS 

In the JLEIC case we use the baseline parameters as of 
summer 2018, listed in Table 1.  

   
Table 1: The JLEIC Parameters Used in this Simulation 

Parameter Value 

Nb1 0.98x1010 

Nb2 0.93x1010 

θc 25 mr 
Fcrab 952.6 MHz 

σx, σy 30 μm 

σz 1 cm 

 

The original question posed in this work was whether or 
not we could gain full luminosity by only crabbing one of 
the beams and not the other. This would make the system 
simpler since it is easier to crab electrons than ions. We 
performed a numerical integration of Eq. 6 using Mathe-
matica, and found that the equally crabbed bunches have a 
luminosity of 1.9x1033 cm-2s-1, the un-crabbed collisions 
have a luminosity of 4.48x1032 cm-2s-1, and the system 
where one is un-crabbed and the other double-crabbed has 
a luminosity of 4.52x1032 cm-2s-1. The short answer is that 
it doesn’t work. However, if we plot out the luminosity of 
a system where one beam is un-crabbed, and we vary the 
crabbing of another, we get Fig. 1. 

 
Figure 1: This plot shows the luminosity varying the 
crabbing angle of one bunch, while leaving the other un-
crabbed.  

If we expand this to varied levels of crabbing in both direc-
tions, then we will get what we see in Fig. 2. 

 ___________________________________________  

* Authored by Jefferson Science Associates, LLC under U.S. DOE Con-

tract No. DE-AC05-06OR23177. The U.S. Government retains a non-ex-

clusive, paid-up, irrevocable, world-wide license to publish or reproduce 

this manuscript for U.S. Government purposes. 

† nissen@jlab.org 

10th Int. Particle Accelerator Conf. IPAC2019, Melbourne, Australia JACoW Publishing
ISBN: 978-3-95450-208-0 doi:10.18429/JACoW-IPAC2019-WEPTS082

MC5: Beam Dynamics and EM Fields
D10 Beam-Beam Effects - Theory, Simulations, Measurements, Code Developments

WEPTS082
3311

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

19
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I



 
Figure 2: This plot shows the luminosity with both 
bunches having different crabbing angles. 

LHC RESULTS 

In order to calibrate the system, we also re-ran the num-
bers from [2]. The results of holding one beam to zero crab-
bing for both 400 MHz and 800 MHz crabbing frequencies, 
and varying the other are shown in Figs. 3 and 4. 

 
Figure 3: This shows the luminosity of the LHC with 
400 MHz of crabbing on one bunch with the other un-
crabbed. 

 

 
Figure 4: This shows the luminosity of the LHC with 
800 MHz of crabbing on one bunch with the other un-
crabbed.  

Interestingly enough, more crabbing produces a higher 
luminosity for the higher frequency. In this case we see that 
there is an increase from the shaping of the bunch by the 
crab cavity. If we examine the plots where we vary the 
crabbing on both bunches, we once again see that equal 
crabbing gives the best results, though due to the longer 
bunch lengths and shallower angle these have different 

behavior from that seen in the JLEIC system. The results 
of these comparisons for the 400 MHz and the 800 MHz 
systems are shown in Figs. 5 and 6. 

 
Figure 5: This plot shows the luminosity with both 
bunches having different crabbing angles for the 400 
MHz LHC system.  

 

 
Figure 6: This plot shows the luminosity with both 
bunches having different crabbing angles for the 800 
MHz LHC system. 

 

CONCLUSIONS AND FURTHER WORK 

While crabbing only one beam in the JLEIC system 
would have a 2/3 reduction in the overall luminosity, it 
could conceivably work as an initial configuration with the 
crabbing added to the proton beam as an upgrade. With 
longer bunches and a shallower angle like the LHC type of 
system there may be some use in this as a one-sided crab-
bing system. 
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