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Abstract off, an angle or energy so tiny scattering does not throw

We present studies of accelerator-induced backgrounﬂ%etipirt;ﬁle ?ﬁ or:b'tntt? tthe (iar)r(ltenrtt tr:]at It Isr:\OSI’itﬁ ThenS|m- ¢
in the BaBar detector at the SLAC B-Factory, carrieciJa 0 ust concentrate (importance sampling) on scat-

out using LPTURTLE, a modibed version of the DECAY ers which produce signibcant backgrounds. Investigation

TURTLE simulation package. Lost-particle backgroundﬁ? owedt:ha}t the scattetrlng coucI:d ble d't\)/'dsed tth rangeds n
in PEP-II are dominated by a combination of beam-ga € fca ering parameter for Coulomb Scattering an

bremstrahlung, beam-gas Coulomb scattering, radiative- E /E beam fqr Bremsstrahlung) and, the point
Bhabha events and beam-beam blow-up. The radiatiﬂiong the ring at which the scatter occurred. Depending on

damage and detector occupancy caused by the associa g'ng and the type of scattering, between 5 and 8 ranges

electromagnetic shower debris can limit the usable lumiYeére found necessary. For very small scatters all particles

. o rvive. For small r rticl rviv nl h
nosity. In order to understand and mitigate such ba(:lgéatte(raocccl)JrsS ina::ei;?rgt(raa?l, gsgc?f'lE r?e(:esiz an ?;t;mzZ? e
grounds, we have performed a full programme of beanm- 9

gas and luminosity-background simulations, that includgte range for which the whole length has to be considered,

the effects of the detector solenoidal beld, detailed moci‘—nd for large scatters, only interactions near the IP matter

elling of limiting apertures in both collider rings, and opti-as the particle is lost shortly after the scatter. 100,000 par-

mization of the betatron collimation scheme in the presené’gIes were tracked in each range.
of large transverse tails.

105
INTRODUCTION Generate
10
PEP-II [1] has reachef.2 x 103 cm32s3! with cur-
rents of 1.55 A in the High Energy ¥ Ring (HER) and 0%
2.45 Ain the Low Energy (g) Ring (LER). High luminos- -
ity brings high backgrounds, increasing the readout time L
of the BaBar detector [2], worsening resolution, and caus- ot “"”3 10t
ing radiation damage. With plans to increase the luminos- B
ity further, it became important to understand and mitigate 122: scoled
these backgrounds, as done the design and commissioning. 10k I‘" -
LPTURTLE has been a useful tool in this work. e o
The TURTLE (OTrace Unlimited Rays Through Lumped 10
ElementsO) single-particle transport program was extended 19 ¢
to include the decays of unstable particles (DECAY TUR- e T e =
TLE), and to the study of particles lost through beam-gas s

collisions (LPTURTLE). A more extensive description of
recent developments in the history of this long-lived proFigure 1: Sampling strategy for HER Coulomb scattering.

gram is presented at this conference [3]. Thex axis shows the scattering parameter and/thgis the
number of events(top) and the number of scattered particles
BEAM-GAS BACKGROUNDS per bunch crossing perbin (bottom).

The important processes are Coulomb Scattering andThis is illustrated in Fig. 1. The top plot shows the an-

Bremsstrahlung, where the electron loses energy to for es generated for Coulomb scattering in the HER: the saw-

a photon. Photons give background only if produced CIO%oth sections show the different regions o€hosen. In

to or inside the interaction regi_on (IR): sca_tt_ered electronme bottom plot the upper curve shows the top plot after

may go a long way round the ring before hitting a wall. _scaling by a factor to give the predicted distribution of par-
Both processes have a pole (for zero degree scatterifgs scatters. The second and third ranges iere gen-

and zero energy photon emission). One has to apply a Uted over the ful range but in other ranges ofonly

Work supported by US DOE contract DE-AC02-76SF00515 selected ranges afwere generated, and the scaled number




of events is smaller. The lower curve shows the distribu-

tionin for particles which hit the wall near the interaction

point (IP). There are no breaks in the lower curve, show- x10%
ing that the scatters not sampled are in regions which 16004
never produce a particle that reaches the IP. The curves for
Bremsstrahlung, and for the LER, are similar.

Fig. 2 shows the near-IR loss rates in the HER. The large
loss around 5 m upstream, in both the upper and lower
guadrants, is associated with Coulomb scattering, and is
caused by betatron tails at large transverse amplitude in
the pnal-doublet quadrupoles. In contrast, bremsstrahlung
contributes most of the primary hits inside the detector,
mostly in the horizontal plane (East and West quadrants).
Here energy-degraded electrons are overbent by the combi-
nation of the last soft bend in the incoming straight, the b-
nal doublet, and the beam-separation dipoles located 20 cm
from the IP. The magnetic (as opposed to crossing-angle . o
beam-separation scheme is one of the fundamental reaséidure 3: Energy-weighted distribution of beam-g#is

why machine backgrounds are very different in the PEP-IPstinthe IR,asa func_tion of hit distaneg (nearest axis,
and KEKBB -Factories. m) and azimuth (radians), for a 2.4 A" beam and a

uniform pressure of 1 nTorr.

Energy loss (GeV) per bunch crossing per 25cm for a 1 amp beam at 107 Torr
— Al by quadront(Couf) —— by quadrant(Brems e)——by quadrant(Brems 7)
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o5 | oot 05 | oot matching and low- sections. This greatly simplibes the
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0z | $2TTT o2 °2 o background analysis, as background hits can be reweighted
Mo meE according to the average residual pressure in each zone.
0.05 | 0.05 |
0 H'r' alln, ﬂ ° ﬂ-r«\—-L‘\_; “I‘ Energy loss (GeV) per bunch crossing per 25em
-1 -5 o 5 -10 -5 o 5 for a 1 amp beam ot 10 Torr
z z by quadrant
0.03 Tof 0.03 Eost o
03 | Bottom £755 M o3 [ West “S?l?é ;?’i H p :‘5 H
025 | .005 025 | .005 0§28 5 0§28 s
02 F 05y 02 £ R — o3 F 03 F
015 | 015 | 02 b 02 b
[ A= o1 F 01 o1
ot SRt o SO0 B S I T o L B o s
-10 -5 0 2 5 -10 -5 0 2 5
Lorge plots are for —10< Z,, < 5, insets for —2<Zy<2 :&3; H Bottom 2::8; H West  —
. . o & gL Ell g EY,
Figure 2: Energy-weighted distribution of beam-gzts s H M .
lost in the IR, as a function of hit distanag from the IP, 02 b wby 3030
in four azimuthal quadrants. The insets correspond to the “E wby B ¥ 8
inside of the BaBar detecto6@ < z, < 2m). The ver- ST T s S 3 a s
tical scale is in units of (GeV/25cmjAPnTorr)>l. The Lorge plots are for ~10< 2 < 5, insets for ~2<2,<2

shadings indicate the contributions, in each gquadrant,
Coulomb-scattered® Os, and of BremsstrahlueggOs and
Os. The hollow histogram is the sum over all quadrants.

Eggure 4: Source distributions of HER beam-gas back-
grounds, per quadrant. The longitudinal extent of the back-
ground zones is indicated in the bottom-right bgure.

Even though the hit distribution is peaked (Fig. 3), elec- RADIATIVE-BHABHA BACKGROUND
tromagnetic showers (not modelled by LPTURTLE) dilute

the energy Row that reaches the active detector. Far off-momentume* ande> Os will not follow nomi-

A study of background sources around the ring (assunmal orbits, but interact with the beam pipe. To evaluate the
ing uniform gas pressure) shows that the LER and HER camportance of these effects, radiative Bhabha events have
be divided into a few Obackground zonesO (Fig. 4) withireen generated at the IP and the resulghg particles,
which the distribution of beam-gas scattering locations isave been followed through the different magnets and aper-
nearly uniform. The zone boundaries reRect the focussirigre limitations within 3 meters in the positron beam direc-
properties of the lattice combined with the location of spetion and 7 meters in the electron side.
cibc bending magnets: in each ring, the arcs constitute aThe generator [4] provides events with a weight which
single zone because of the periodicity of their lattice; thes transmitted through LPTURTLE. This program gives
detector straights typically consist of three or four zonesn accurate description of radiative Bhabha scattering in
depending on the exact layout of S-bend dipoles, opticathe very forward direction. Large angle scattering, multi-








