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ABRSTRACT

A sinmlation code that models the mutual deflection and the emission
of beamstirahlung of two ultra-relativistic electron and poxitron bunches s
desvribed  The simulations are used to determine transverse hentm sizes from
observed heamstrahlung fluxes.

1. Introduction

At the interaction point of the SLC clectron and positron bunches
with energies of 46 GeV, transverse beamn sizes of a few microus and a few
times 10" particles per bunch collide head on. The large number of particles
in a small vohnne gives rise to large electromagnetic fields of up to 10 T which
deflect the particles in the oppositely running bunch. The observed centroid
deflection angles range up to 200 yrad and can be reconstrucied from beam
position monitor readings in the vicinity of the interaction point (IP). By
deliberately sweeping one beam across the other with fast air-core magnets
the deflection angle as a function of the relative distance of the two beams
is recorded. ‘The convoluted spot sizes ¥ = ‘fo?(e") 4+ a?(ct) can then be
calculated by fitting the well-known beam-beam deflection curve for round
beams to the data {1].

As a complementary signal the synchrotron radiation flux from the
beam-beam deflections, the so-called beamstrahlung, is recorded in two mon-
itars aliout 40 m downstream aof the 1P, They are situated just after the first
bending magnet that is used to separate particles and beamstrahhing, but
generates synchrotron radiation itself. Owing to the large magnetic fields
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in the henm-hean deflections dwe critical etergies ol 1he Beame traliling is
consgiderably higher thaa that of the synchrotron vadiation o the haend-
ing magnet. The low energy photous are diserigpiaated o the bigh caeegy
beatstrahTinmg photons by the threshold effeet of Qe monitor whivh fig <t con-

vorts photons nto ot 07 pairs and then diteete the Cenmtorv light cinitted 6

~V

by those paies i a valune of ethylene gas at low presure 73],

The widths of the beawsteahdang fox curves | lotted versas the rela-
tive distance of the Two beatns is prodottiinaet v deternined by the tran -verse
beam sizes of the clectron and positron beams, From hovizomtal il veetical
Beam-beam seans wo olstaitt 2 “flux versus distance”™ plots g the radiare
ing pusitrons and 2 from the mdiating electrons. From those plins §owidths
can be estracted. Assnting 2 apright particle heans, characterized by a,
and @y, the 1 transverse extensions of the beams unignely Jetermine the
widths of (he & beamstraliloog scans. The wethod, originally propased Ty
W Rozaneeki and B Gero 3] uses a sioaglation code 1o deteriniue the
heamstrahlung widths for vacious given Do sizes and then sobs up a tahile
thal maps beam sizes to widths, Given measured widths the boeam sizes ean
then be inferred T table inversion whivh is petforied e a ¥ -sise,

2. The Simulation

The spectral characteristics of syneliratzon viadiation s 1mos effjeiently
dexeribed by ils ceitieal energy = = e 20 which depends o the Lending
radiug p a radiating pavticle experiences. The local bemding vadins vivies as
a partiche traverses the oficonting banrel of the opposite chagpe according 1o
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where the entive transverse dependence is nriced in she begrated defleesion
angle Oz, y) which is proportional 10 the transverse electrie field of the on
caming buncli. O(r.#} is given explicitly it terins of complex srvor functions
in Ref. 5.

In order to deteninioe the ninber of generated Corenkov photons per
unit thne we have to infegeate the number of beamstrablung photons per
unit Ume and unit energy, given by |6
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over vnergy, weighted by the pair prsdnction probalilty 4 = «*¢7 in the
canverter plate and the efficieney of converting a « o7 pair into ¢ 'orenkoy
pheten. The relation among the different specira and eiiciencies is depicted
in Fig. 1.
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Pigure 11 Fhe paer production probabilsty. Crrenkor photon generation o fli-
creney and photon namber speelva widh erdienl enevgres of 12 (dobdnshed )0
tddushed) und 2 Lemvs (solid) the Cenonkor threshold, The vertieal bar at 1
marks the ¢vrenkor thoshold

Lhe resulting integral depensds on two differemt energies: the eritical
ety atd the threshold cnergy of the Cerenkov monitor, To a goad approx-
imation it can be shown [7] that the number of Cerenkov pliotons generated
per unit time depends only on the ratio of the energies. The vesulting cali-
hration eurve repeesents i transfer map that relates the focal bending radias
as experienced by the radiating particle to the umiber of Cerenkov photons
per nnit tinee,

Phe total munber of Cerenkov photons generated in one bearm traver-
sal ts given by the average over te path and the transverse disteibition 4,
ol the ralinting particles as given by
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M dependence on the field producing distribation is baried in plr.g.4). ln

R |


http://iivci.il%3e!'

arder 1o eliminate vne numerioal W egration we express d.X fdHp) i power
weries atd integrate terin by term over £ The vemaining integrads over roatd
g then liave to he done numerically.,

in the simufation code [§] this algoritlun is used fo caleulate the
Cerenkov Dxes as a funetion of the transverse distance of 1he wo beams, In
the text sections we will disenss how this can be used as a diagnostic tools
to infer properties of the particle disteibations, namely: which of the two
beams is Bigger and nevds doser attention and by how mwelos it bigger,
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Figure 2 A typeeal outpud frean the somalation code. D the upn v Ieft the
input data are «choed. Tu the wpper vight the beamasteahluny flures arve shown
in arbstrary undds. The solid curee as the flur from the vadialing positrons on
the north monitor. In the fawer I ft depaets the path on whiely the =can was
take wt and the lowes raght show~ the chetvon defloction. Heve the solid enree
shows the hortzoutal diflection and the dashed curee the vertoal.



1. Simmiation Resunlts

Fig. 2 shows the resalt where o Jarge electron beam with o, . 5 pm

is passed over aosall positton beam with a4, = 1pme The extrema of
the heamstralilang Hux from the small «* beam (solid) colncide with the
extrema of the dellection earve, hecause there the local bending radius the
ot experience is largest, The detlection near the center of the target ¢ heans
15 weaker and causes the dips For an ideal point like ¢ ¥ sonree bean, the dip
shonld docrease to 2ero,

The radiation from 1he electrons (dotdashed) reflects mainly the trans.
verse distribution of the electron beam because only those ¢ radiate that
are intereepted by the fields of the positron hoan which serves as a window
to view the radiating electrons,

Simulations with varviug bunch sizes of 3, 1. and 5 g for electrons
and pusitrons confitmed the above observation [8] that the dip ie ahrays
assoctrted with the larger Tergped beam size,

At first sight it appears abvions to assoctite asymmetrie beastrahlung
scang with tilted beams. However, if the scan is centered. the beamstrahling
sceans are still svmmetric, becanse the configuration shortly hefore the source
beam euters the target beam is (point ) synmetrie to that shortly after it
exits, Therefore the luxes are the same. ln order to break this synnuetry
and exnmine the r — y coupling we have to offset the beams with respect
to cach other. Fig. 3 shows the results where tilted heams are scanned with
3 pm offset. Cloarly now asymmetric scans are produced.

The fact that tifted and offsdd beams produce asymmetric beamstrahlung
seans can be useful to diagnose tilted beams, However, auly if the bheams are
known to be of equal size is it possible to determine the it divection of the
individual beams [8].

The widths of the beamstrahlung scans show a weak dependence on
the energy and the numiber of particles per bunch as well as on the bunch
length of the beams [4]. The reason for this lies in the separation of Lransverse
and longitudinal dependence exhibited in Bq. 1 which is largely preserved in
the response of the Cerenkov monitor {7).

4. Spot Size Measurements

In ordet 1o follow the program outlined in the introduction the simula-
tion code 35 run to set up a table that relates the 4 beam sizes a,.(e7).a,(c™).
et Yo, (e ) 10 the | produced heamstrahling widths from horizontal and
vertical scans cimanating from electrons and positrons. 'ie table is organized
as follows

al T eT oo e ) a e t) — T (TN et ) W e ) W (eh) .
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Figure 3: Vertical beamstralilung scans for tlted beams affset with vespect 1o
rach othcr. The bram sizes for both beams ave 5 x 3pupm. The (it angle is
—45, 0 and 445 degree with respect to the havizantal aris from lefl 1o right
for the pusitrons and top 1o hoflom for rirctrons,

Typically those 1ables contain 3! entries, boecanse each of the 4 beam sizes
assumes 3 different values, eg 1,39.5 pm.

The task of finding the beam sizes that produce a measueed set of
beamstrahlung widths is accomplished by inverting the tabie. This is dowse
in a 3-step process. First, a “weighted table average™ is caleulated. In this
pass a weight depending on the enclidean distance hetween the measured
widths and the widths in the talile is assigned to each table entry. ‘Chen the
weight is nsed to average over the sigmas in the tahle. This process vields a
rough estimate to start the second pass, which uses a linear interpolation on
the table and a \?—minimization 1o zoom in on the beam sigmas that min-
imize the \2=dilference between the measured widths and the imerpolatad
table widths. In o thind step an error estimale is performed by varving the
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measured widths by a lnite amount and observe how omele the calealated
bean sizes change.

It 15 planned 0 diagnose beam sizes using this method in the next
SLC run and pursue the investipations undertaken carlier by W, Rozanecki
and L. Gero,

5. Conclusion

A simulation code that calealates the heamstrahlung fluxes ax a fane
tion of the relatie distance of twa ultra-velativistic beams was briclly de-
seribed. The simulation resalts inddicate that the dip o the beamstrabluny
seans can e attrbwted Lo a lavger targed boam seze and that asgimmdeee seans
are produced by tilted beams that are scanned with an offsct. Purthermore, a
method to determine wdividual bram sizes from observable heamstrahhing
widths was described, This method is based on construetion of a table tha
refates beam sizes 1o widths, The “inversion™ of this table can then he naed
to relate the widths 1o the beam sizes which produced them,
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