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Abstract
A spent-electron generator based on DECAY TURTLE has been prepared for study of beam-gas
background at the KEK B-factory. Methods have been described in detail. Basic studies of background
rate and its dependence on various accelerator parameters have been performed.

1 Introduction |

Beam pipes in high energy storage rings do not have an ideal vacuum. As a result, the circulating particles
sometimes interact with the residual gas molecules, and hence deviate from their ideal path. In an ete™
storage ring such particles are called spent electrons(or positrons). In this note, where we concern ourselves
to the KEK B-factory, which is an asymmetric ete™ collider, we will refer to both spent electrons and
positrons as just spent electrons. A considerable fraction of these spent electrons, while swimming through
the beam line elements may deviate quite a lot from their original path, and finally hit the detector, thus
causing a background problem.

Such backgrounds are rather severe in high luminosity machines, such as B-factories, since they cause
Radiation Damage to detector components, increase trigger rates, and may even overlap on real physics
events one is interested in, thereby ruining the kinematics of the genuine event. Secondary shower produced
by these spent electrons make the situation only worse.

The aim of this work is to provide a spent electron generator which detector physicists at KEK B-factory
can use for estimating backgrounds for different sub-detectors. This study would also give hints as to which
accelerator paramaters/masks might need improvement as far as background issues are concerned. Detailed
descriptions about the KEK-B accelerator and its detector BELLE may be found in [AccDR, BelleTDR].

Initial studies in BELLE in this direction have been done by [OzakiH, SahuSK]. This report is about a
more comprehensive and somewhat independent study in the same direction.

The procedure is quite straight-forward. First, we simulate the beam-profile in the straight sections of the
electron and positron rings of the KEK B-factory. These simulated beam particles are then swum through
a modified version of the program DECAY TURTLE [Turtle] until a point where the particle may interact
with a residual gas molecule. The interaction may be of first order (Coulomb scattering) or second order
(Bremsstrahlung) in o (electromagnetic coupling constant = e?/4r = 1/137 in natural units). The particle
with altered (four)momentum then continues its journey through the beam line with the help of DECAY
TURTLE until it reaches the BELLE detector.

At this point the position and 4-vector information may be introduced to the BELLE Geant simulation
for a complete evaluation of the effects of the background.

In the next section, we discuss the issue of residual gas in an accelerator beam-pipe. In the third section
we give a description of beam parameters of the KEK B-factory relevant to this generator. In the fourth
section we discuss the physics of beam-gas scattering and sampling methods. In the fifth section, we describe
the beam-propagation by the program, and in the final section we show some results.

*E-mail:sahu@uhheph.phys.hawaii.edu



2 Residual Gas in the Beam-pipe

Technically, it has never been possible to achieve perfect vacuum in the beam pipes of high energy storage
rings. When one tries to create an excellent vacuum inside the beam pipe by pumping out all the gas
molecules he can, and contends at the vacuum monitor reading, a great many of them remain adsorbed
on the wall. Once the beam is turned on, they start getting kicked off the wall (i.e., desorbed) by the
synchrotron radiation from the beam, thus deteriorating the vacuum. Certain remnant oxide layers inside
the beam-pipe have some carbon compounds, and are capable of forming and accomodating CO molecules.
When illuminated with synchrotron photons, they release, or desorb them. It is known that most of the
residual gas is CO. The desorption gradually decreases with increasing synchrotron irradiation, and finally
attains a stable value, after a reasonable time of machine operation.

In a practical machine, therefore, one tries to achieve good vacuum by (1) reducing the synchrotron
radiation by using bending magnets of large radius of curvature; (2) increasing the pumping speed; and
(3) fine polishing the inner wall of the beam pipe, so that surface area available for adsorption is minimal.
The first point is often not negotiable because of higher priorities imposed by other practical aspects of
accelerator, such as available circumference and cost. Number of available vacuum ducts limit the pumping
speed. Surface polish, although can be excellent, still has a limit. Therefore, for a storage ring, the best
achievable vacuum is a limited and calculable quantity.

Average pressure in the ring is easily calculated to bef

NpNy

%S (1)
where P is the pressure in Torr!, np is the desorption coefficient in molecules per photon, meaning how many
gas molecules are desorbed per synchrotron photon, n. is the linear synchrotron photon density existing in
the pipe in photons/sec/m, S is the distributed pumping speed in lit/sec/m, and K is the conversion factor
3.24 x 10'® molecules/Torr/lit.

In KEK B-factory, for the positron ring for example, n, = 3.3 x 10'8 photons/sec/m, np = 10~¢
molecules/photon, and a reasonably achievable pump speed is of the order of 100 lit/sec/m [AccDR]. Putting
these numbers in Equation 1, one gets a pressure of the order of 10~® Torr during the normal machine
operation. This kind of pressure corresponds to about 30 molecules in a 100 um cube. These numbers are
similar for the electron ring as well.

P=

3 Beam parameters at KEK B-factory

KEK B-factory is an asymmetric e*e™ collider parameters of which are given in Table 1. The straight
sections of the positron ring (henceforth called Low Energy Ring, or LER) and the electron ring (henceforth
called High Energy Ring, or HER) are 20 meters and 50 meters, respectively.

Beam particles are swum through the beam line, parameters of which are given in Tables 2 and 3, for
LER and HER, respectively.

Meaning of the parameters are as follows :

Name is the mnemonic of the element of the beam line. IP stands for the interaction point. DRIFT
indicates a drift space without any electromagnetic field. Mnemonics starting with B indicate a bending
magnet, and those starting with Q indicate a quadrupole focussing or defocussing magnet.

Length stands for the length of that element along the beam axis in meters.

Ziengtn, stands for the distance of the edge of that certain element from the interaction point.

tResidual Gas Pressure : Consider a section of beam pipe of length ! and arbitrary cross-section. Then number of
molecules escaping from the wall per second = nynp! molecules/sec = 17‘,‘;;—’3’ moles/sec where N4 is Avogadro’s number. The

volume that these many molecules aquire under pressure P = % . %Dl m3, where R is the universal gas constant (=831
Joule/mole/°K ), and T is the temperature in ° K, according to the ideal gas law PV = nRT. In equilibrium, in each second
this volume would be swept away by the pump. In terms of pump sg‘eed, this volume becomes SIx10~3 m3. Equating the above

two volumes, one gets, for pressure P in Torr, P = 2172 . NA-10§3-133.32 The factor K is then 3.24 x 10'® molecules/Torr/lit.

1 Torr = 1 mm of Hg = 1/760 atmosphere = 133.32 N/m?




Value gives the value of that certain element — for drift space it is just the length in meters; For bending
magnet it is equal to B x L/(3.3356 * Ep.am); and for quadrupoles it is equal to 8B/0r x L/(3.3356 * Epeam),
where L is the length of the element in meter, Ey.qm is the design energy of the beam particle in GeV, B is
the magnetic field in Tesla, and dB/3r is the radial variation of magnetic field in Tesla/m.

Bz is the horizontal B-function of the beam, which (sort of) gives the extent of focus at that certain point
on the beam line.

a; is the derivative of 3, along the beam direction. If we know 8,(0) and o, (0) at z = zp, then we can
calculate 3, at z by :

Bz = B:(0) + 2% 0, {0) * (2 — 20) + ....

It is important to know that in case of KEK B-factory, the horizontal and vertical Emittances’ are
measured in meters. The horizontal and vertical beam spreads are given by 6, = \/B; *€; and oy = / By * €y,
respectively.

In order to reduce the backgrounds, some masks(slits) have been designed be placed in the beam line.
Their positions and apertures are given in

Table 4. They are retractable, and therefore may have different apertures during run-time and fill-time.

We wanted, first of all to ascertain that given the initial beam profile, the TURTLE optics reproduces
the beam shapes and betatron amplitudes as prescribed in the accelerator design. We checked the betatron
oscillations &' and y' as well as beam profiles 0, and o, and all of those are in close agreement with the
numbers independently calculated by the KEK-B accelerator designers. For the sake of comparison, in
Tables 5 and 6, we show the beam profiles as prescribed with the numbers from our TURTLE simulation
at every optical element. The disagreement of the profiles at the interaction point is attributed to the fact
that the final focussing quadrupoles are not optimized yet, and a small change in the field would affect the
final focus at IP a lot. In any case, it does not pose any serious problem to our calculation.

4 Beam-gas Scattering Mechanisms

Electromagnetic interaction¥ of the beam particle with the residual gas molecule can be of the first order
(Coulomb scattering) or second order (Bremsstrahlung). Feynman diagrams for these processes are given in
Fig.1. Interaction of the beam particle with the valence electron cloud of the residual molecule is negligible
compared to that with the nucleus. We will therefore consider interactions with the residual gas nuclei only.

4.1 Coulomb Scattering

Classical Coulomb scattering cross-section for an electron of velocity 8 and momentum |p] hitting a nucleus
of charge Z is given byl
do Z%a? @
A 442 |5 sin® &
The singularity in the scattering angle # demands that we impose a minimum angle cut 8. while making total
cross-section calculations. With high energy approximations 8 = 1, |p] & E and small angle approximation
(8. would be of the order of 1 mRad, for example, as will be discussed later) sin @ ~ 8, we deduce

4172203 [ 1 1 ]

09, = —_——
T TR |62 62

3)

$The unit of emittance is conventionally meter-radian, since it is defined as the area of the phase space in z — z’ or y—-y
containing 90% of the beam bunch. This convention is set by proton rings and linear accelerators where the beam profile is
elliptical. The emittance in their case is, of course, in meter-radian with a factor of = explicitly written out. In case of electron
synchrotrons, however, the beam profile becomes Gaussian because of continuous synchrotron loss. In that case, one defines
the emittance as the area in £ — =’ or y — 3’ phase space containing all particles in a bunch within 20 deviation divided by 7
radian. That’s why the unit of emittance here is meter.

YDeep Inelastic Scattering(DIS), where the beam electron sees the internal structure of the gas nucleus and breaks it apart,
is not considered here, since that cross-section is much smaller than the ones considered in this section at these energies.

llgee for example, QED by W. Greiner, Springer-Verlag.



where 8, is a larger angle cut. Since 62 < 62, we get the Coulomb scattering (approximate) cross-section :

4rZ2% 1

%= g (4)

We would like to take a moment to note that the quantum mechanical counterpart of Coulomb scattering
is called Mott scattering, which bears the cross-section™* :

2,201 _ [2ain2 8
%:Za(: fnd), (5)
4432 [p]” sin® §

Using the same approximations as above, we get the integrated cross-section :

2rZ%a? 2 2
Oy, 8, = ——E—-— [l 6. + —Iné; — iR (6)
c 2

First, 3rd and 4th terms in the square bracket contribute less than 0.01% for small 8. (~ 1 mRad). This
formula then reduces to the simple non-relativistic Coulomb scattering formula.

We therefore stick to the non-relativistic formula, and use its exact form during the Monte Carlo gener-
ation of the scattering :

do Z2%02
0T T (7)
dQ  4E?sin*
which is synonymous with Eqn. 2 at the high energy we are dealing with.
Total cross-section is obtained with the formula above with

/; 8. /; 0 d¢sm9d0 (8)

Polar angle is sampled with the relation :
do . sin @ (9)
dé " sin'g’

and ¢ is sampled uniformly over the range [0, 27].

4.2 Bremsstrahlung

Unlike Coulomb scattering, Bremsstrahlung is a second order process and the cross-sections are sensitive
to atomic form factors. In such a rarefied medium one talks of discrete bremsstrahlung, the Coulomb-
corrected cross-section of which is given by the famous Bethe-Heitler formula[BetheH, HeitlerW, SegreE],
and rearranged in[KochMotz] and by Patrick and Urban in [GeantM] :

do(Z,E,e) _ 13aZ(Z+&(2)] {
€

- 1+ (1 - €] (21 (8) -~ F(2)

S a-9m6) - Fa)) (10)

where, E is the incident electron energy, Z is the atomic number of the target, ¢ is the fraction of E carried
away by the photon, g is the classical electron radius (=e?/m.c? = 2.82 x 1073 cm). & and f¢ are the
screening and Coulomb correction functions, respectively, as defined below :

136m, €

§ = ZiRE T

$,(6) = 20.867-3.2426+0.62587 | .
$,(5) = 20.209 — 1.9306 — 0.08662

**see for example, QED by W. Greiner, Springer-Verlag.



$1(6) = &,5(6) =21.12 - 4.184In(6 + 0.952) foré > 1

F(z) = 4/3 InZ E <0.05 GeV
= \ 4/3 InZ+4f.(2) E >0.05GeV
_ In(1440/23/3)
‘) = Wiz - 1.2
f(2) = Za { [T 7. t0-20206 - 0.0369Za + 0.0083(Za)? — 0.002(Za)3}
¢ is bounded by L
ecE-F;SeSI—%C—'vl, (11)

where k. is the photon cut-off energy and ¢, is the scaled photon cut-off energy. In our simulations, it is
typically 0.001 ~ 0.05 (this issue will be discussed later).

This formula has been numerically integrated, and a parametric form has been available as the routine
GBRSGE, coded in [GeantM]. We use a modified version of that routine to calculate the total cross-section.

Sampling of the photon energy is a bit difficult because of the lengthy form of the cross-sectional formula.
So we simplified Eqn. 10 a little as follows :

Assuming Z = 7', we get :

f(2) = 101
&z) = 1.86
F(Z) = 66

The classical electron radius ry = 2.8 fm = 14.3/GeV.
Putting all these vales in Eqn. 10, we get

j_: =22 { [14(1 - 7] [#1(6) - 6.6] = 2(1 — €) [£2(6) - 6-61} (12)

We sample the photon energy with this formula.
Incorporation of the polar angle of the photon in sampling is difficult, again because of the complexity
of the formula. The differential cross-section is given by [Tsai] :

do 2% 2e¢—2 12u%(1 —¢€)
dkdQ wkm? {[(1 + u2)? 1+ a2)e ] Z2(Z+1)
— 9 — €2 201 _
[2(1 f-euz); - 4(? Suz; ] X - 222fc<<az>2)l} (13)
where
w = 2

ml(1+u?)? . t—t, .
X = / GY(t) + G ()] i gy
t

- - [ - [

(14)

G4 and G are the elastic and inelastic form factors respectively.

t1In TRISTAN experiment at KEK, we observed that the residual gas consisted mostly of carbon monoxide, CO. Average
atomic number then becomes 7.



This formula is too tedius to handle, and it is unnecessary to do so. A crude simplification of this formula

immediately shows that
do x L (15)
dw — 687

This is two degrees down compared to the case of Coulomb scattering, and the proportionality factor is much

smaller, being scaled by (%5)®. Therefore we make the assumption that the photon is emitted collinear to
the initial electron(positron) beam.

4.3 Sampling
4.3.1 Coulomb Scattering

Let’s consider the Coulomb scattering first. Only 6 and ¢ need to be sampled in this case. Energy of the
electron does not change. ¢ is sampled uniformly as described before. But 6 has a singularity (Eqn. 2),
and therefore acceptance-rejection method becomes inefficient for very low 6.. Luckily, the formula is simple
enough to be integrated and taken an inverse of. So we make use of the distribution inverse method for
sampling 8. The method is described below :

Let the differential cross-section be respresented by the density function f(z), normalizable with the
relation

/00 f(z)dz = 1. (186)

The cumulative probability or the distribution function F(z) is then given by
P=F(z) = / f(z)dz. (17)

For random sampling, P = F(z) varies uniformly between 0 and 1. Therefore the algorithm becomes :
1. Sample a uniform random number R ( = F(z) ).
2. £ = F~1(R) is the desired sample.

In other words, ’s chosen in this way will be distributed like f(x), which is what we want.
For Coulomb scattering (Eqn. 2),

do sin 6
Therefore
]
F@) = 4 /H £(0)d(6)
1 1

= 24- - 19
{sinz%ﬁ sinzg} (19)
(20)

Then @ can be obtained by inverting the above equation, namely :

F(6) R
—_— . 1 —1 — ———
8 =2-:sin 24 +sin2%-] (21)
The normalization constant A is determined by
Flr)=1=24-{ — LI G (22)
B sin® %ﬁ sin? 3 T

The 8 distribution obtained for positrons in this process is plotted(histogram) in Fig.2(a). The dotted
line that closely follows the distribution is the 1/z® curve, which should be good for small angles, for the
sake of comparison. It is plotted only for the sake of comparison.



4.3.2 Bremsstrahlung

As discussed before, we do not sample 6, and assume the final electrons’ direction is the same as the initial
one. Hence there is no need to sample ¢, either. We just have to sample the photon energy according to
Eqn. 12. This formula, although can be integrated easily, cannot be conveniently inverted after integration,
as can be readily seen from its functional form. We therefore do not use the distribution inverse method
simlilar to Coulomb scattering case, rather use the acceptance-rejection method, which has worse efficiency,
but seems to be our only easy way out. We will describe the acceptance-rejection method here :

1. Let the differential cross-section be represented by the density function f(z) where z € [0, 1], and f(z)
is less than a constant fy throughout the range.

2. Sample two uniform random numbers R and z in the range [0, 1].
3. I R- fo € f(z) then accept z. Else goto step 2.

This method has been utilized to sample the photon energy using Eqn. 12. Plotted in Fig.2(b) (his-
togram)is the positron energy spectrum in GeV ( Epeqm + (1 — €) ), with €. = 0.05. The dotted line is the
1/e function that is popularly used for Bremsstrahlung spectrum. A small discrepancy is seen because of all
the corrections in Eqn. 12.

5 Beam Propagation

The beam profile is sampled at the beginning of the straight sections with the information given in Table 1.
The sampling is done in both emittance planes, i.e., z — 2’ and y — 3’ planes simultaneously. Positions and
four-vectors are then used as inputs to Decay Turtle.

Decay TURTLE(Trace Unlimited Rays Through Lumped Elements) is a charged particle transport
program created by Brown and Iselin [Turtle]. It takes a charged particle and propagates it through a pre-
defined lattice of magnetic elements, such as dipole, quadrupole, sextupole and field-less drift spaces. It can
also handle horizontal, vertical and elliptical masks(slits) which can be used to chop off a certain part of the
tail of the beam, if desired.

A feature of Decay TURTLE allows decay of charged particles during propagation. This feature was
intended to be used for 7%+ beam lines where the 7* may decay into p* and neutrinos. We use this feature
to incorporate our scattering mechanisms. We make the “decay”(interaction) probability uniform along
the beam-line, assuming uniform gas pressure in the beam pipe. When the scattering switch is on, each
generated particle must undergo a scattering before it reaches the BELLE detector.

Graphic representaions of tracks of (spent) electrons and positrons are given in Figs. [3 - 5]. In all these
pictures, horizontal axis gives the position in 2(beam direction) and the vertical axis gives the z—position
of the beam(profile parallel to ground). The unscattered propagation of et and e~ beams, i.e. when neither
Bremsstrahlung not Coulomb scattering is present, is shown in Fig. 3. In Fig. 4 we show the propagation of
the two beams with only Bremsstrahlung scattering taking place somewhere along the beam-pipe. Run-time
parameters are used. Effect of the slits in stopping some of the off-momentum particles is also seen. In Fig. 5
we show the propagation of the two beams with only Coulomb scattering taking place somewhere along the
beam-line. Again, run-time parameters are used.

In Figs. [ 6 — 8 ] we show the same propagation profiles as for the cases in Figs. [3 ~ 5|, except that
injection-time parameters are used. The beam is therefore broad, and masks drawn out.

6 Spent Electron Profiles at BELLE and Results

A proper estimation of the background seen by the BELLE detector is possible only when a full Geant
simulation of the spent particles is done. While such a study is being pursued by several groups at the
moment, {calculations of background at the BELLE Time of Flight TOF system will be presented later in
this section as an example) we decided to make a generator level estimation of spent electron background
by looking at profiles of spent particles in or near the detector.



6.1 z—y Profile

Spent particle profile for et Bremsstrahlung at the IP of BELLE are shown in Fig. 9(a). It may be seen
that the profile is flatter in the horizontal plane(z—plane), which is not unusual, since these particles are
expected to more or less follow the beam-profile(and the same optics, of course !). This conjecture is tested
by making the beam flat in the y—plane at the beginning - and the profile is seems to follow it as is observed
in Fig. 9(b).

In order to have a qualitative estimation of the background and study the effect of beam optics, we
decided to quantify the beam profile at the interaction point as a measure of the background. If the spent
particle is more that 2 cm away from the IP at the vertical plane containing the IP (r > 2 c¢m), then we call
it a “Hit” in the detector. Background rates are then calculated in Hz for different scattering mechanisms
(and added together) and for different beam optical configurations.

6.2 Determination of Physical Cut Values

Using this criterion we first studied the effect of physical cuts : €. (scaled photon energy cut) for Bremsstrahlung
process, as discussed in 4.2 and 8, (minimum scattering angle cut) for Coulomb scattering process, as dis-
cussed in 4.1 . Events were generated using different cut values, and using the criterion above, number of
hits were calculated. The results are plotted in Fig. 10. It is clearly seen that below a certain value of cut
for every process, the hit rate saturates. Hence a safe cut value may be chosen by looking at these plots.
The cut values that we generically use for all our background study are given in Table 7.

6.3 z—origin of Spent Particles

It is sometimes important to know where the majority of spent particles that hit the detector originate in the
length of the beam pipe. With the criterion for a “hit” as described above, we plot in Fig. 11 the z-position
of scattering of these particles off the beam-gas. Fig. 11(a),(b),(c) and (d) give z-position distribution of
the origin of hitting particles for et Bremsstrahlung, et Coulomb, e~ Bremsstrahlung and e~ Coulomb
scattering processes, respectively. BELLE detector is situated at the right-most end of each of these plots.
For comparing the position with corresponding beam-elements, beam-line plots similar to Figs. [3 ~ 8] are
given at the bottom of these histograms in the same figure. It is observed that while Coulomb scattered
et /e~ come from nearby regions of BELLE, Bremsstrahlungs come from all over the straight section. In
general, improving vacuum near the detector as much as possible would help reduce the background.

6.4 Effect of Mis-aligned Optics

It is not to be expected that all the beam elements will be aligned properly at the beginning of the experiment.
Therefore we have estimated the effect of small mis-alignments of optical elements on beam backgrounds.
Typically, as long as the beam elements are not off by more than 2 mm from the designed beam-line,
the backgrounds from different sources do not exceed by more than 50% from their normal values. As an
example. we show the effects of shifts (Azx, Ay) of closest and farthest quadrupoles to BELLE in the LER
on background rates. Factor by which the background increases is plotted as a function of Az and Ay in
Fig. 12. Shifting of closest quad to BELLE yields Fig. 12(a), and (b) represents shifting of the farthest quad
from BELLE in the straight section, both in LER.

6.5 Background Profile at BELLE-TOF

As an illustration of the utility of this generator to the calculation of background in BELLE detector, we
present some results pertaining to the BELLE-Time of Flight (TOF) detector. The TOF surrounds the beam-
pipe, silicon vertex detector, central drift chamber and the aerogel Cerenkov counter. We plot in Fig. 14
the distributions of photon and charged particle flux entering the TOF due to all background processes in a
period of 10 milli-sec. The azimuthal distribution (14a) clearly follows the beam shape. Energy distribution
(14c) warns us that a non-negligible flux of high-energy gammas enter the BELLE detector due to secondary
showers from the spent particles. Energy-weighted distribution of z-origin of photons (14d) has several
peaks, which exactly correspond to the positions of heavy materials like flanges, masks and tapers along



the beam-pipe in the interaction region. Such materials behave as “photon amplifiers ()" to backgrounds.
Hence one must try to reduce the amount of heavy materials around the beam-pipe as much as possible.
Charged particle distributions are shown in Figs. 14(e & f) for the sake of comparison and establish the fact
that charged particle flux is quite small, and is not likely to cause any serious concern to trigger efficiency.
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e’ energy

€~ energy

et current

e~ current
Targeted vacuum
B at IP

By at IP

€g

€y

€, at injection
€, at injection

3.5 GeV
8.0 GeV
1.1 Amp
2.6 Amp
1 nanotorr
0.33 meter
0.01 meter
1.8 x 108

3.6 x 10710

1.3 x 1078
1.3 x 108

Table 1: Relevant parameters of KEK B-factory

Name Ziength  Length Value oy Bz ay By
IP 0.0000 1.68500 1.72780 0.0000 0.3300 0.0000 0.0080
QCSR 1.6850 0.50000 -0.73658 -5.1160 9.2721 211.2400 369.1400
DRIFT  2.1850 3.31500 3.35740 -18.3750 18.0650 -83.2550 428.8300
QC2I 5.5000 0.50000 0.14802 -81.1800 352.2900 -28.8800 51.2830
QC212 6.0000 0.50000 0.14802 -28.7480 408.6600 -16.7460 29.0130
DRIFT  6.5000 5.77000 5.77000 31.9900 407.0000 -9.6839 16.1150
QC3I 12.2700 0.46200 -0.17157 17.4690 121.6500 24.2480 100.1400
DRIFT 12.7310 2.25500 2.25500 -2.8461 114.9000 6.8614 114.7500
QC4l 14.9860 0.46200 0.16599 -3.0246 128.1300 7.8059 147.8100
DRIFT 15.4480 2.05600 2.05600 17.4800 121.4700 34.7290 167.1900
QCsI 17.5040 0.46200 -0.18805 12.2890 60.2410  49.5790 340.5900
DRIFT 17.9660 0.40000 0.40000 1.2659  54.1580 -15.8850 356.6400
BX51 18.3660 0.30000 -0.00300 1.2467  53.1520 -15.6010 344.0400
DRIFT 18.6660 0.40000 0.40000 1.2323  52.4090 -15.3960 334.7400
BX41 19.0660 2.50000 -0.05208 1.2131 51.4310 -15.1110 322.5400
DRIFT 21.5660 0.40000 0.40000 1.0930 45.6680 -13.5940 250.6800

Table 2: Parameters of the LER Version 230 95/06/28
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Name Ziength Length Value az Bz oy By
IP 0.0000 1.35000 1.35860 -1.0E-12 0.3300 0.0000 0.0080
QCSLA 1.3500 0.50000 -0.42218 -4.11100 5.9221 -169.6000 230.5900
QCSLB 1.3500  0.50000 -0.42218 -6.74380 8.8336 -136.5000 314.7900
DRIFT 1.8500 1.15040  1.15830 -19.09300 45.7850 -113.8200 598.7400
QC1EL 3.0004 0.30000 -0.15428 -30.46200 60.4790 -20.1900 639.5800
QC1EL2  3.3004 0.30000 -0.15428 -47.95100  83.7000 77.1250 622.2300
DRIFT 3.6004 2.60000 2.60000 -119.41000 518.8300 52.2660 285.8200
QC2EL 6.2004 1.00000 0.13226  -52.62200 697.3800 15.1270 221.0800
QC2EL2 7.2004 1.00000 0.13226 42.13200 706.6300 -13.6230 219.4600
DRIFT 8.2004  7.54870  7.54870 23.15900 213.7800 -20.0420 473.5800
QC3EL 15.7490  0.30000 -0.03516 15.64900 201.5800 -3.5201 479.3000
QC3EL2 16.0490 0.30000 -0.03516 8.81400 193.6200 13.0500 474.8700
DRIFT 16.3490  0.80000  0.80000 8.48890 179.7800 12.7620 454.2200
BH2EL 17.1490  0.40000 -0.00025 8.32640 173.0500 12.6180 444.0700
DRIFT 17.5490 26.00900 26.00900 -2.24350  14.8450 3.2345  31.7710
QC4EL  43.5580 0.30000 0.06077 -1.39090 15.9870 1.3256  30.5000
QC4EL2 43.8580 0.30000 0.06077 -0.43236  16.5790 -0.4981 30.3290
DRIFT 44.1580  5.36410  5.36410 -0.81638  23.2780 -0.7189  36.8570
BHSEL 49.5220  0.40000 -7.62E-5 -0.84502 23.9420 -0.7353  37.4390
DRIFT 49.9220  0.30000  0.30000 -0.86650  24.4560 -0.7477  37.8840
QCSEL  50.2220  0.30000 -0.04461 -1.99470  25.3390 0.9120 37.8780
QC3EL2 50.5220 0.30000 -0.04461 -3.23050  26.9290 2.5281  36.8840
Table 3: Parameters of the HER Version 102 95/06/28

Where from IP(m) Between X/Y Slit Aper(cm) (normal) Aper(cm) (fill)
LER 39 BX41,QCsl X 1.0 2.6

LER 10.097 QcC31,QcC21I X 1.5 4.0

LER 14.867 QC3L,QC21 XY 2.7,0.4 7.3,0.7

HER  7.762 QC4EL,BH2EL X 0.5 1.4

HER  35.572 QC3EL,QC2EL X 2.0 - 54

HER  42.122 QC3EL,QC2EL XY 36, 1.0 9.7, 2.0

Table 4: Slits/Masks in LER and HER
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Name Oz oy gy oy
(acc) (Turtle) (acc) (Turtle)

IP 0.008 0.008 0.0002 0.0010
QCSR  0.041 0.040 0.0365 0.0367
DRIFT 0.057 0.056 0.0393 0.0392
QCz2I 0.252 0.247 0.0136 0.0136
QC212 0.271 0.264 0.0102 0.0102
DRIFT 0.271 0.262 0.0076  0.0076
QC3I 0.148 0.146 0.0190 0.0192
DRIFT 0.144 0.140 0.0203  0.0202
QC4 0.152 0.150 0.0231 0.0232
DRIFT 0.148 0.145 0.0245 0.0246
QCs1 0.104 0.102 0.0350  0.0350
DRIFT 0.099 0.097 0.0358  0.0359
BXSI 0.098 0.096 0.0352 0.0352
DRIFT 0.097 0.096 0.0347  0.0347
BX4I 0.096 0.095 0.0341 0.0339
DRIFT 0.091 0.090 0.0300 0.0301

Table 5: Beam profiles predicted and simulated; LER Version 230 95/06/28

Name Oy Oy oy oy
(acc) (Turtle) (acc) (Turtle)
IP 0.0080  0.0082 0.0002 0.0009

QCSLA  0.0326 0.0348 0.0288 0.0279
QCSLB  0.0399 0.0415 0.0337 0.0325
DRIFT  0.0908 0.0895 0.0464 0.0444
QClEL 0.1043 0.1021 0.0480 0.0462
QCl1EL2 0.1227 0.1183 0.0473 0.0454
DRIFT  0.3056 0.2903 0.0321 0.0309
QC2EL  0.3540 0.3376 0.0282 0.0274
QC2EL2 0.3566 0.3386 0.0281 0.0272
DRIFT  0.1962 0.1870 0.0413 0.0403
QC3EL  0.1905 0.1817 0.0415 0.0404
QC3EL2 0.1867 0.1778 0.0413 0.0404
DRIFT  0.1799 0.1703 0.0404 0.0394
BH2EL 0.1765 0.1764 0.0400 0.0391
DRIFT  0.0517 0.0511 0.0107 0.0105
QC4EL  0.0536 0.0530 0.0104 0.0103
QC4EL2 0.0546 0.0539 0.0102 0.0104
DRIFT  0.0647 0.0629 0.0115 0.0113
BHSEL  0.0656 0.0638 0.0116 0.0115
DRIFT 0.0663 0.0645 0.0117 0.0115
QCSEL  0.0675 0.0655 0.0117 0.0116
QCSEL2 0.0696 0.0677 0.0115 0.0116

Table 6: Beam profiles predicted and simulated : HER Version 102 95/06/28
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Process | Cut(normal run) | Cut{injection)
€c [

e’ Brem | 0.05 0.001

e~ Brem | 0.05 0.001
6. (Rad) 8. (Rad)

et Coul | 0.0005 0.0001

e~ Coul | 0.0005 0.0001

Table 7: Values of physical cuts used in the generator
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Figure 1: Feynman diagrams for Coulomb scattering and Bremsstrahlung of a beam electron(positron) off a
residual gas nucleus.
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Figure 2: Differential cross-sections of spent positrons for (a) Coulomb scattering process and (b)
Bremsstrahlung process. See text for details.
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Figure 3: Beam propagation for no beam-gas scattering. Top : positron beam, Bottom : electron beam.
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Figure 4: Beam propagation for beam particles that have undergone Bremsstrahlung process. Top : positron
beam, Bottom : electron beam.
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Figure 5: Beam propagation for beam particles that have undergone Coulomb scattering process. Top :
positron beam, Bottom : electron beam.
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Figure 6: Injection time beam propagation for no beam-gas scattering. Top : positron beam, Bottom :
electron beam.
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Figure 8: Injection time beam propagation for beam particles that have undergone Coulomb scattering
process. Top : positron beam, Bottom : electron beam.
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Figure 13: Schematic diagram of the BELLE detector.
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