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Abstract ’ input parameters ‘

Colliding beam experiments at CESR with beams made ‘
round by running on the coupling resonance have beén generate bunch by Monte Carlo \
performed[1], and runs are planned with the beams made F

round by Mdbius modification[2]. To simulate perfor- propagate bunch using
mance in these configurations stochastic and beam-beam  TEAPOT++ generated map
modules have been added to the Unified Accelerator \

Libraries[3] for use along with pre-existing lattice repre- apply damping and
sentation, and map and element-by-element, TEAPOT++ quantum fluctuation x1000
modules. For arealistic CESR lattice containing sextupoles \ “inner loop"
beam-beam performance is simulated. ] apply beam-beam deflection \ X5
‘ "outer loop"
1 INTRODUCTION ’ update particle statistics ‘
Over the years, many accelerator simulation programs have ‘
been developed. These programs, libraries and data for- tally tail fluxes |
mats tend to be inoperable with one another, and major f
modifications are required for them to work together. T update beam profile \

cope with this interoperability issue, the Unified Accelera- i
tor Library (UAL) has been designed and developed][3]. ’
The UAL not only gives guidelines to programmers
who develop codes in the future but also enables existing
“legacy” codes to work seamlessly with other UAL com- Figure 1: Program flow diagram.
pliant codes. In other words, with one-time-only modifica-
tions, old codes can be integrated with other UAL complisimulation. The empirical ones include values such as en-
ants. Due to the UAL, the lifetime of codes is expected tergy deviation, damping coefficient, average energy, and
be extended considerably, permitting more emphasis to bginch length. The computed values include Twiss param-
placed on design and algorithms. eters and the CESR lattice description. The only control
One of the objectives of this paper is to demonstrate thearameter we have used so far in this simulation is beam
effectiveness and versatility of the UAL to enable realisticurrent.
simulation. The other objective is to predict the luminos- Next, a single bunch with, say 1000, sample particles
ity of CESR. To achieve the latter, real CESR lattice datg Monte Carlo generated in accordance with the input pa-
is extracted from the CESR database and converted intgmeters. Parameters of this artifical bunch are preferably
Standard Machine Format (SMF)[4], and a beam-beam ifn the neighborhood of the “self-consistent” state for faster
teraction UAL module and a stochastic-damping[5] UALconvergence.
modgle have been developed to simulate the essential beamfter the bootstrapping processes, the program enters
physics. nested loops. The “outer loop”, associated with beam evo-
lution, consists of 100Q(typically) cycles of “inner loops”.
2 SIMULATION In the inner loop, we transport the beam around CESR
by the TEAPOT++ generated map, apply damping and
antum fluctuation, apply beam-beam interaction, update

calculate luminosities ‘

To simulate colliding beams, one beam is described by
analytical distribution function and the other is describe article statistics, and tally tail fluxes of the beam. This

by a large number of m'acropar.ucles. ,AS the macropgmcl hole outer loop cycle is iterated about 5 times until a self-
are tracked, self-consistency is achieved by allowing th@onsistent state is reached

parameters of the analytic distribution to evolve. A flow The first process in the inner loop is particle propagation

diagram of the simulation is shown in Fig. 1. around the CESR lattice. Since the TEAPOT++ element-

First, we h"’!"e to supply input param_eters releyent tot -element tracking method is considerably slower than the
CESR operations. These values are either obtained empir-

ically from direct measurements, or from computations of i1he number of cycles should be appreciably larger than the inverse of
other computer programs, or as control parameters of thig damping coefficient to achieve equilibrium
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map method, we employed the map method in the simuld- The quantum fluctuation is applied in both horizontal
tion. However, this map method has to be checked. To dand vertical directions with independent random numbers.
so, we transported a particle with initial amplitude 1 mm  After damping and quantum fluctuation, we apply beam-
at the interaction point using element-by-element trackingheam deflection to a bunch. The deflection due to the beam-
6th order map, 8th order map, and 10th order map. The digeam interaction is calculated by the formula:

placements after 5000 turns are tabulated in Table 1. The

results show that even 6th order can provide accurate prop- Apy, Ap, =
agation. Since essentially all particles lie within 1 mm from A
the center at the interaction point as seen in Fig. 3, itis valid ) . ) o
to use the map method to transport the particles in the stdfhereC is a (cumulative) circularly symmetric distribu-
age ring for faster processing. In particular, we have chosdi@n. e is the classical radius of electron, and N is the total

NG 2 (4)

an 8th order mab number of particles in a bunch. During the first 1000 turns,
the beam-beam deflection is calculated with a Rayleigh dis-
method z + y y' tribution (which is just a circularly symmetric Gaussian

track 9.4828478 3.8684952 8.2396275 1464601§|Str|but|0n in polar Coordinates) with a standard deviation
map6 9.8046253.8555656 8.2165072 1.4473738  consistent with the input Twiss parameters. However, start-
map8  9.481417 3.8681267 8.232599 1.468B757 ing from the second outer loop cycle, a “near-Rayleigh dis-

mapl0 9.482B16 3.8684®7 8.239638 1.465996 tribution* obtained at the end of previous outer loop cycle
is used to calculated beam-beam deflections until the end

Table 1: Displacements of various transporting methods af the cycle. This corrected beam profile gradually drives
ter 5000 turns with initial amplitude 1 mnx. andy are in the peam into a self-consistent state.

H —4 / ! H -3
units 0f10™% m, andz" andy’ are in10~". Then, we update the particle distribution statistics and

Comparison among maps of different orders are tabuhis accumulated data is used to fit the beam profile with
lated in Table 2. The numbers in the second and the thigh improved “near-Rayleigh probability density function”

columns are calculated by fomulas: at the end of every outer loop cyéle
At the end of every inner loop, we take statistics of parti-
Ogij (k + dim — 1)! (1) cles crossing preset boundaries locatedat Blr, 127,
£ kl(dim —1)! and 14 in phase space, whereis the initial Courant-
- Snyder invariant. To prevent multiple counting of par-
and ticles wandering near boundaries, we put “Schmidt trig-
order (k + dim — 1)! ger” like buffer layers ofso surrounding those boundaries.
Z m(k -1) (2)  Those crossing the #boundary are declared lost and are
k=1 restarted in accordance with the initial parameters. These

respectivel§. These tables provide information useful fordata are used to estimate lifetimes.
selection of an optimal method and to estimate processingAfter 1000 inner loop repetitions, we use the collected

times. particle distribution data to fit the beam profile by near-
Rayleigh function. The first and the second moments of
order generation terms multiplications the distribution are used to calculate powendo,,, as in
time the equation (5) by a formula:
6 3 min 923 3829
8 25 min 3002 17590 <7~>2 I'2(3/p) 5
10 150min 8007 60633 "3 = T/T /D) (6)

Table 2: Comparisons among map methods. The times alky
measured on a system with SPECInt9200. L T(2/p)
Next, damping and quantum fluctuation is applied to a nr =2 /pr(g/p) (r)
once-circulated bunch. The damping decrement we used

so far is 10 times larger than the empirical value for faster Finally, after the nested loop processes, luminosity of
convergence. And the amplitude of quantum fluctuation i1 self-consisted state is calculated from the near-Rayleigh

function of the self-consistent state.
v 126400 3)

whered, is damping constant. This amplitude is multiplied P 1y
by a uniformly distributed random number between -1 and Pry, (r,0nr) = 227762, T(2/p) S

(7)

“The corresponding probability density function is:

®)

2Because of synchrotron radiation damping, preservation of sympledhis near-Rayleigh function is a generalization of the well-known
ticity is not a critical issue. Rayleigh probability density function.
3In our casedim = 6 SData in the database is cleared at the end of each outer loop cycle
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3 RESULTS state, but we are only interested in the stability of the self-

) ) ) ] consistent state. To estimate lifetimes, we fit the plot of
This whole simulation is repeated for several beampittance versus logarithm of number of boundary cross-
strengths from 1 mA through 28 mA as explained in the, s \yith a straight line. This is then extraporated to var-
previous section. Obtained luminosities are plotted againgj;,s aperture sizes from &4through 2. The result is
beam current in Fig. 2. As beam currents increase, de\isjated in Table 3. These estimates cannot be expected

ations from the quadratic single beam curve become largg have absolute values, but their relative significance as
due to beam-beam interaction. The quadratic curve is basgg, o, parameters vary is expected to help finding optimal

on the 1mA point, where the beam-beam effect is i”Signifc')perating conditions.

icant.
current 14 160 180 200
luminosity(10%! em =25~ 1) 22mA 10s 10%s 10%s 10%s
25 ' ' T o 25mA s 10s 10 10%s
, L 9.644 x 10342 | 28mA 1s 1s 10s 10s
Table 3: Estimated beam lifetime for high beam current.
15 .
© 4 PLANS AND PROSPECTS
l — = .
We intend to develop a method to apply the quantum fluc-
tuation process collectively rather than turn-by-turn as in
051 N this simulation. Such a method will enable us to con-
struct a multiple turn map with beam-beam interaction and

0 : : : : stochastic-damping process incorporated. Furthermore, a
0 0005 o001 0015 002 0025 0.03 semi-continuous model of the beam may replace the dis-
beam current (4) crete particle model employed in this simulation.
Figure 2: Graph of luminosity versus beam current.
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Figure 3: Self-consistent states of various beam currents at
[ ~0.2m.

Lifetimes of high beam currents are estimated based only
on the final outer loop cycle. This is because most parti-
cle loss takes place during evolution to the self-consistent
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