N

e
N

LN

ER

A

ey

LT e At
e peiie

an

i S o
R 7y

by

SRS,
B, e F R g 4
Bl

S
S H

ANE i gl

S

LR R SEStIN ‘s
5 R il £y s et
bty cr X, -
e
£

el g

T

s 8 o

e AT 3
e S
Y

b sk
A e
oy 2,

5 T IR AR
O NELN LA T PRt

el

B

oA

s

i

5 N
R,
B huswl Y

i

e
S8
P
oAk .

5
Al e,
g sraia by

SNBSS A S,

A O gl

i e
Y

R T, e Gt Ty g o
) RS

TR

S

Ay

o
*

a iz

i,

Hod
LN,
LA

i,

B

b

ey K el Nag Z
FadTIE e L S SIS j
SRS sy w5 o AT Vg ah o v e i

ot X

oy

S LERTT Ny
O o b P EAR E

T St e s oo

P YE AL

e e e 2
b AR BN S T S
L T RTORA
S e T
s, LVIT N R W

i

W
[%y

e

S B A P RLER ] R
S

5% s g .
Prp =i s

5

B R e

i

-

SR R

b AR L R e e

RO e R L
PR SET wihgher Lo

SN R R 2
S Sy Lot e e RN e S

e mw;h. ] : s S
ANy gy

TR
i S L Y

W et Ty B T e Wy
R L SR R P

3

"t e g

e

L

hi
% ‘

Y. w.,..,
P o PP

:;\)!V
e
Ry

ny
v

A

g

o

G
Aty
B

i

Zat
i

SR R s,

S e AR FEA |
s AR RIEAT - el

ok A A ; }

e

gt P




DESY behalt sich alle Rechte fir den 1-all der Schutzrechtserteilung und fOr die wirtschaftliche
Verwertung der in diesem Bericht enthaltenen Informationen vor.

"DESY reserves all rights for commarcial use of information included in this report, especially in
case of filing application for or grant of patents.

To be sure that your preprinis are promptly included in the
HIGH ENERGY PHYSICS INDEX,
send ther1 to (if possible by air mail):

(f
DESY DESY-IfH
Bibliothak Bibliothek
Hotkestrafie 83 Platanenalles 6

W-2000 Hamburg 52 | 0-1615 Zzuthen
Germany Germany




DESY 92-121
August 1992

ISSN 0418-9833

Introduction to Radiation Backgrounds in a B Factory”

Shaukat Khan
Max-Planck-Institut fur Kernphysik, W-6900 Heidelberg 1, FRG

ABSTRACT

Detector backgrounds in a B Factory due to synchrotron radiation and beam-gas interactions are discussed
and the computational tools to simulate these processes are outlined. As an example of their application.
sitmulations and beam tests that preceded the installation of the ARGUS silicon vertex detector aze described.

1. INTRODUCTION

The requirement of acceptable background condi-
tions in a B factory detector i1s one of the main
issues in the layout of the machine and the design
of the central part of the detector. There are two
major sources of radiation backgrounds:

1) Synchrotron radiation (SR} is emitted wherever
the beam is bent or focussed. The high luminaosity
required to reach the physics goals of a B factory
implies high beam currents and a small beam spot
at the interaction point (IP). Since the intensity of
a single bunch is limited, high currents are achieved
by using a large number of bunches. A fast beam
separation to prevent parasitic bunch crossings as
well as focussing to achieve a small beam spot make
the generation of SR in the vicinity of the detector
unavoidable.

2) Interactions with the residual gas cause beam
particles to leave their orbit due to deflections
{Coulomb scattering) and radiative energy losses
(bremsstrahlung). These ‘lost™ particles as well as
bremsstrahlung photons emitted near the IP initi-
ate electromagnetic showers when hitting the beam
pipe and may send shower debris into the detector.

The high rate of Bhabha events as another potential
source of considerable radiation is discussed in [1].

The radiation problem could be avoided if the beam
pipe within the detector could be arbitrarily large.
However, good vertex resolution as another vital re-
quitement of a B factory demands a small beam
pipe radius. Furthermore, & thin beam pipe to min-

*Talk at SLAC Conference on B Factories: State of the
Art in Accelerators, Detectors and Physics, April 6-10. 1992,
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imize multiple Coulomb scattering is highly trans-
parent to SR photons. The layout of the interac-
tion region is a compromise between the conflict-
ing requirements of high luminosity, moderate back-
ground and good vertex resolution.

For a given machine lattice and masking geome-
try, the amount of radiation emitted and absorbed
during luminosity running conditions can be esti-
mated by Monte-Carlo simulations. The radiation
level during machine studies, injection or commis-
sioning is beyond the scope of any simulation. Here.
one can only extrapolate from the experience gained
with existing machines.

Monte-Catlo studies for the proposed B factories are
described in other contributions to this conference
and their discussion shall be omitted here. Instead,
the work that preceded the installation of the AR-
GUS silicon vertex detector may serve as an instruc-
tive example. The lattice and detector geometry is
less complex than in a B factory and the results of
Monte-Carlo programs applied to an existing ma-
chine can be verified by measurements. For a B
factory, the reliability of the background prediction
is a question of vital importance.

2. LiMiTs ON RADIATION BACKGROUNDS

Showers from lost beam particles and SR photons
may damage the detector and add to the occupancy,
the probability of background hits overlapping with
real tracks. Background limits are given by the ra-
diation hardness of a sensitive detector component,
the period of time it should survive and the max-




imum acceptable occupancy. Furthermore. the ab-
sorbed SR power adds to the heat load and must be
limited to values. for which cooling can be provided.
A further limit to consider for lost beam particles is
the number of background events that pass the first
level trigger and may cause dead time.

The radiation dose and occupancy limits may be ex-
pressed in different ways, as illustrated by the fol-
lowing example {see also i2'):

Silicon strip detectors are read out by radiation
sensitive VLSI chips. Contemporary chips survive
200-500 Gy {=J/kg)l. For one year of operation,
the dose limit may be espressed as 0.1 Gy‘/h or
2.8107® W/g. On a 200 um thick laver of sili-
con. this corresponds to 1.3-107% W ‘em? being ab-
sorbed. Consider the simple case. where SR is the
major background source and the spectrum is dom-
inated by & keV photons. ¢.g. from fluorescence
in a copper layer on the beam pipe. In this case,
the limits given above correspond to 10° absorbed
photons/(cm?s). The occupancy related to a given
number of hits per time and area depends on the
detector segmentation and integration time. For a
10 cm long and 0.03 ¢m wide area on & strip de-
tector being affected by a background hit and an
integration time of 100 ns. the present case leads to
3% occupancy.

In this example, more radiation hard chips (which
do already exist) would not allow to push the limits
higher, because the occupancy is already large. In
the case of a pixel detector. however. the area af-
fected by a background hit is much smaller and a
higher hit density could be tolerated.

In practice. the usefulness of such an estimate is
rather limited, since the spatial and energy distri-
bution of radiation will usually be quite complex
and has to be determined by a detailed Monte-Carlo
simulation.

3. THE SIMULATION OF RADIATION

3.1 Monte-Carlo Programs

The simulation of either type of radiation requires

a rayv tracing program that follows individual parti-
cle trajectories through the machine lattice. In the
case of SR, it may be sufficient to consider the last
10 m upstream of the IP and several ray tracing
programs that generate SR are in use (e.g. SYNC-
BKG 3]). In the case of scattered beam particles,
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a mote thorough treatment of the machine lattice
1s required, since charged particles can travel sev-

eral hundreds of meters down the beam line before

hitting the wall. A popular program that tracks the
initial beam particles as well as particles having suf-
fered an interaction with the residual gasis DECAY
TURTLE 4.

Simulating the interaction of the emitted radiation
with matter can be difficult and time-consuming,
depending on how accurate ithe various interactions
are treated and in how much detail the true detee-
tor geometry is modelled. Most of the ray tracing
programs are restricted to the more machine-related
Job of radiation production. Their output has to be
interfaced to a prograin that treats the detector-
related part of radiation absorption. EGS4 [5i1s a
code that is widely used for this purpose.

In the case of SR. a few programs simulate the emis-
sion as well as the absorption of photons in the de-
tector [6].

3.2 Ray Tracing

At a given location along the beam line, a Gaus-
sian transverse particle distribution is conveniently
defined by two elliptical boundaries in the horizon-
tal and vertical phase space coordinates {z.z') and
(v, ¥'), respectively. At the IP, the beam envelope
usually has a waist and the phase space ellipses are
upright {as in fig.1a). In this case. the 1-0 extent
of the beam in real and momentum space is given
bv the emittances ¢; and ¢, and the values of the
beta-functions 3; and 5] at the IP:

Tr = €z ‘}6;

and likewise for y and . Once these parameters are
known. a ray-tracing program can start from the IP
at randomly chosen points (2. &', y, ¥} within a, say.
10-c envelope. The choice of the method of sam-
pling these points is important, because the particle
density varies by many orders of magnitude. Chos-
ing the transverse coordinates with a Gaussian ran-
dom number generator enhances the central region
of the beam, but may neglect potentially important
regions several o from the beam axis, whereas a flat
sampling distribution may lead to spending most of
the computation time on insignificant contributions.

Tz = \/521‘13;

The horizontal and vertical coordinates are to first
order independent from each other. The coordi-

T



Figure 1. Emittance ellipses: a) at the IP. where
the beam has a waist, and b) a general case. where

Tae = J':nr = (fl'.'j[jl)lilz'

nates (z.2') and (y.3') at one longitudinal loca-
tion ate easily transformed into coordinates at an-
other location bv the successive application of two-
dimensional transfer matrices. For example, tracing
through a drift space of length L. followed by a hor-
izontally defocussing (vertically focussing) quad of
length ! and strength k? requires the transforma-
tions (see e g. [7])

( 2\ _ ( coshkl sinhki ) 1 LY\ (=

2" ) 7 \ksinhkl cosh &l 0 1 = Jip
y ) _ ( coskl  Lsinkl 1 L ]

(y’ T\ —ksinkl coskl ) (0 1 v /e

This is illustrated by fig.2, showing a horizontal
and vertical view of random trajectories through
the ARGUS IP and the mini-3-quad (L = 1.26 m,
=088 m. k*=112m"%).

ol

Dipole magnets introduce a slight complication,
since here the orbit is curved and the 'beam system’
with one axis tangential to the orbit does no longer
coincide with the lab system. An additional trans-
formation is required for off-axis quadrupoles, since
the above given matrices are valid only in'a system
centered at the magnet’s axis. Off-axis quads are
used in various B factory designs to petform the
combined function of focussing end beam separa-
tion.

3.3 Emission of Synchrotron Radiation

SR photons are emitted nearly tangential to the
beam particle trajectory. The average angular devi-

Figure 2: Horizontal {(a) and vertical (b} view of
random electron trajectories through the IP and the
mini-B-quadrupole of ARGUS.

ation of 1/ is negligible for B factory energies. The
mean number N, of photons emitted per meter 1s

N, = 20.6 Eyeam /7

where the bending radius r is measured in m and
the beam energyv in GeV. The mean photon energy
{E,) in keV is given by

{E,) = 0.308 E, with E. = 2218 Ej,_./'r.

E, is called the critical energy. Combining N, with
the mean energy vields the well-known result of the
SR power being ~ E,,../r%.

The spectrum of SR power and the photon number
distribution is shown in fig.3 (for analytical expres-
sions see e.g. |7. o [8]). The accuracy requirements

-for sampling photons from the spectrum are moder-

ate, since the result will usually be dominated by the
statistical error: contributions of a few nW are im-
portant for sensitive detector components, whereas
the SR power generated in the interaction region of
a B factory is expressed in kW.

The amount of SR generated in quadrupole magnets
is increased, if the beam profile has non-Gaussian
tails. The exact shape of a beam is hard to predict.
but to simulate a flat beam tail the parametrization

e i ST T s Mg
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may be used for the transverse electron number dis-
tribution in r and likewise in y [3]. For the AR-
GUS mini-3-quad, the radial distribution of SR that
would reach the IP if no apertures were present is
shown in fig.4 for different values of 4. In the case
of a purely Gaussian beam profile, the distribution
is very narrow, as can be guessed from the trajecto-
ries in shown in fig.2. Most of the SR encountered
at a relevant radius ~10 mm is due to the third up-
stream quad. At this radius. the SR from the first
quad rises by an order of magnitude for 4 = 1073
(which may be unrealistically large). whereas the
amount of SR received from all magnets increases
by just a factor of two. The situation may be dif-
ferent for other lattice geometries.

3.4 Beam-gas Interactions

"Coulomb scattering off the nuclei of the residual gas

causes an angular deflection of beam particles by
an angle ©. The emission of bremsstrahlung in the
vicinity of a nucleus leads to an energy loss ¢. Ap-
proximate expressions for the differential cross sec-
tions are

for Coulomb scattering into small angles and ne-
glecting screening eflects and

4 1
do _ 22222 F(Epam.€ Z)
de 1375 €

10-3 s 4
a
\ S

" ' L
0o 00 200 300
Radius {mm)

Figure 4: Radial distribution of SR from the AR-
GUS minr-3 quadrupole for different contributions
of a flat beam tail. described by the parameters A.
— 4=0; <c4=10"% e4=10"% 04 =10"83

for bremsstrahlung. where r, is the classical electron
radius, Z the atomic number and F is a slowly vary-
ing function. which approaches 4/3 In{183,21/3) for
€ 2 0 (see e.g. '8! for a detailed discussion}. Since
these cross sections fall off rapidly with © and ¢, the
probability of an event with significant energy loss
and considerable scattering angle is the product of
two small numbers. A separate treatment of these
processes is therefore justified. When using the pro-
gram DECAY TURTLE. a parameter invokes either
bremsstrahlung or Coulomb scattering.

3.5 The Absorption of Radiation

Once a SR photon, a lost beam particle or a
bremsstrahlung photon enters the material of the
beam pipe and the detector, it will loose energy in
a number of scatlering processes. Cross section and
angular characteristics of these processes depend on
the energy of the incident particle and on the atomic
number of the material traversed.

Photons undergo Rayleigh and Compton scatier-
ing, photoelectic absorption and pair production.
For SR at B factory energies, pair production can
be neglected. In the relevant energy region for SR
photons of 1-100 keV', atomic binding effects should
not be ignored in Rayleigh and Compton scattering.
The differential cross sections
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are modified with respect to the free-electron cross
sections [ Thomson and Klein-Nishina) by scattering
functions S(q. £) and form factors F(gq, Z), respec-
tively. where g is the recoil momentum [9].

Electrons and positrors are subject to energy
losses due to inelastic atomic collisions and
bremsstrahlung and to angular deflections from
multiple Coulomb scattering. Electromagnetic
showers can be viewed as a chain of alternate pair
production and bremsstrahlung processes,

Furthermore. the magnetic field of the detector has
to be included. Charged patticles of low energy curl
up and may hit the same structure several times.

The determination of the radiation dose experienced
by a given detector component requires a detailed
simulation of all these processes in a reslistic model
of the detector geometry. The radiation dase, i.e.
the absorbed energy divided by the mass of an ob-
ject. is not a property of a given environment. It
depends on the atomic number. but also on the size
and shape of an object. since the absorbed energy
is generally not proportional to the mass.

4. MEASURES AGAINST RADIATION BACK-
GROUNDS

The task of reducing the radiation background may
be divided into two parts:

1) The more machine-related part is to minimize the
generation of radiation that may enter the detector.

SR, if not avoidable, should be directed away from
the detector or should pass it in a small cone without
too many photons hitting the walls. In the layout
of the interaction region, a tilted detector solenoid
field and quadrupoles with the incoming (outgoing)
beam on-axis {off-axis) may be employed for this
purpose.

Radiation from beam-gas interactions is reduced
by improving the vacuum and introducing scrap-
ers at suitable positions, e.g. where the disper-
sion and therefore the transverse displacement of
off-momentum particles is large.

2} On the detector side, the background from ei-
ther source can alwavs be reduced by increasing the
beam pipe diameter,

In the case of SK. direct radiation is easily atten-
uated by masks. whereas the difficulty lies in opti-
mizing the mask positions. shapes and materials to
minimize the number of photons leaking through the
mask tips or being backscattered into the detector.

In order to reduce the radiation received from elec-
tromagnetic showers. two complementary strategies
may be followed. One strategy is to minimize, the
other is to maximize the amount of the material in
which the shower develops. In either case, the mate-
rial thickness in front of a sensitive detector compo-
nent should not be close to 5-10 radiation lengths,
where the shower maximum i.e. the highest energy
deposition per length occurs.

5. RADIATION SHIELDING OF THE ARGUS
S1 VERTEX DETECTOR

5.1 History

In spring 1990 the ARGUS detector was upgraded
by ipstalling a new micro vertex drift chamber
(kVDC) together with a (@38 x 0.5) mm Be beam
pipe. At the same time. a siicon detector within the
uVDC had been proposed. which tequired an even
smaller beam pipe. Therefore, a (@15 x 0.15) mm
Al pipe was tested at the DORIS storage ring in
May 1990. It was demonstrated that the operation
of DORIS with such a small aperture was feasible,
but the radiation of 70-100 Gy/h in the vicinity of
the Al pipe was by far exceeding values at which
a Si detector could be operated. It was decided to
pursue the project nevertheless, but due to a ma-
jor shutdown of DORIS the development of a beam
pipe with reduced background relied exclusively on
a Monte-Carlo simulation. One objective of the sim-
ulation was to understand the high amount of radi-
ation experienced during the test, the other aim was
to reduce the radiation level by three orders of mag-
nitude. The results were verified one vear laterin a
beam test and the silicon detector was successfully
operated during a short run in October 1991. For
the coming ARGUS run period, the design of the
silicon detector was modified and a new device was
installed in May 1992




Figure 5: The ARGUS silicor vertex detector.

1) Sidetectors. 2) Support bar. 3) Support bar with
adapter between detector and chips. 4,5) Support
rings. 6.7) Readout chips and hybrid. 8) Beam pipe
with Al-steel connection at both ends. 9} Carbon
fibre tube of the pVDC.

5.2 Detector Layout

The ARGUS silicon vertex detector consists of seven
individual detector modules, cylindrically arranged
around the beam pipe as shown in fig.5. The clos-
est distance between a detector plane and the IP
is 12.5 mm. The single-sided sttip detectors [10,
are 280 um thick and have an active area of (60.4
» 12.8%) mm* each. The 512 strip diodes (25 pm
pitch) per detector running parallel to the beam axis
are individually biased by polysilicon lines and are
AC coupled to the Al readout lines. Every second
strip 1s read out using two VLSI preamplifier chips
per detector (in 1991, the MX-3 CMOS chip [11]

was employed). A peculiarity of this design is the

40 mm long adapter that connects the chips to the
detector. The adapter allows to place the radiation
sensitive electronics at a position of reduced radia-
tion and to put shielding material between the chips
and the beam pipe. In 1991, this gap was occupied
by a tungsten shield of ~25 radiation lengths along

the beam axis 10 attenuate electromagnetic showets.
The cpposite strategy will be followed in the next
running period using a low-material beam pipe.

The silicon vertex detector occupies the space be-
tween a (O3% » 0.3) mm carbon fibre tube that
replaces the former Be heam pipe, and the new Al
(022 » 0.20) mm beam pipe. SR masks of 18 mm
diameter represent the smallest apertures.

5.3 A Monte-Carlo Background Study

Seen from the ARGUS IP. four quadrupole magnets
are followed by a verv weak dipole magnet. The
SR simulation identifies the first {min:-:3) and the
third quad as the major source of radiation. Fig.6
shows two different geometries for which SR was
simulated: a) the test beam pipe used in 1990 and
b) the new ARGUS beam pipe.

For the test beam pipe the SR simulation yields
50 Gy/h in total (e* plus e~ ) deposited ina 0.3 mm
thick silicon layet wrapped around the thin part of
the beam pipe. To account for the slightly larger
doses experienced during the test {70-100 Gy/h).
only small deviations of the beam from its nomi-
nal axis are required. In the simulation of the new
beam pipe. a silicon laver around the pipe receives
0.02 Gy/h while the dose at the position of the chips
is negligible. This improvement is achieved by in-
creasing the beam pipe diameter from 15 mm to
22 mm and by introducing two sets of SR masks.
The outer steel masks at z==180 mm are water-
cooled and receive the major part of the radia-
tion. The position of the inner titanium masks
{z==100 mm) is a compromise between shielding
from direct radiation and avoiding photons being
backscattered from the masks into the detector. Ti-
tanium was chosen because the energy of its K-line
photons is sufficiently low for fluorescence photons
to be attenuated by the 200 um thick Al tube.

Fig.7 shows the resuiting spectra of the radiation
power absorbed in the thin part of the respective Al
tube and in a surrounding silicon layer. The spectra
for the case of the new beam pipe demonstrate that
the Ti1 K-line photons radiated from the SH masks
are completely absorbed in the Al tube.

The simulation was repeated for beams off the nom-
inal axis. Large deviations could increase the back-
ground at the detector position by one order of mag-
nitude, but would still not endanger the electronics.
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Figure 6: Geometry implemented in the SR simula-

tion program. a) Test beam pipe Al (©15 x 0.15) -

mm and a silicon layer wrapped around it. b} New
ARGUS beam pipe Al (@22 x 0.2} mm, including a
silicon layer, two silicon cones to model the readout
chips and part of the tungsten shield against lost
beam particles.

The whole storage ting was implemented in a DE-
CAY TURTLE simulation of Coulomb scattering
and bremsstrahlung, where the latter process turned
out to be dominant. The EGS4 simulation of the
showers initiated by lost beam particles included
the beam pipe, the silicon detector and different ver-
sions of a tungsten shield. In contrast to SR, the en-
ergy deposition due to showers does not scale with
the particle energy, but with the flux of incident
particles, since most of them are minimum-ionizing.

The simulation results in ~20 particles lost per us.
which is compatible with the observed beam life
time. On average, one of these particles hits the wall
in the interaction region, sometimes after travelling
as far as twice around the ring. A radiation level
of 0.5 Gy/h determined for the 15 mm beam pipe
confirms that SR was the predominani source of ra-
diation experienced in the 1990 test. However, with
SR being reduced by a large factor for the new de-
sign. the background from beam-gas interactions be-
comes the larger problem. The simulation predicts
0.18 Gy/h in the Si detector region and 0.05 Gy/h
at the chip position, which is just at the limit for
100-200 days of operation.
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Figure 7: Spectra obtained from the Monte-Carlo

-simulation for SR power absorbed in the Al beam

pipe (black dots} and in the silicon layer (white
dots). a) Test beam pipe. b) New ARGUS beam

pipe.

5.4 A Beam Test at the ARGUS IP

The Monte-Carlo predictions for beam-gas interac-
tions leave no safety margin. If the background were
to exceed the predictions by one order of magnitude,
the operation of a silicon detector would be impos-
sible. Therefore, the decision whether to install the
new component or not was subject to a test mea-
surement at the ARGUS IP in July 1991.

5.4.1 Ezperimental Method

Energy spectra in time slices of 1-5 minutes were
obtained from 12 pin-diodes (Siemens BPW 34)
mounted in BNC-connectots on three rings around
the beam pipe {fig.8). During the test, the position
of the two outer rings and the radial position of
the diodes was varied. A copper absorber of 1 mm
thickness was put in front of the diodes during some
runs to distinguish between energy deposition from
low and high energy particles. Measurements were
performed with and without a tungsten shield (also

v R e e (05




Figure 8: Experimental set-up to measure the ra-
diation background at the ARGUS 1P. 1) Al-steel
ccnnection. 2) Titanium SR masks. 3) Tungsten
shield. 4} Si pin-diodes in BNC connectors.

shown in fig.8) surrounding the beam pipe.

Simultaneously, the integral doses were measured
at several positions using thermo- and photo-
luminescence dosimeters. Two gas chambers were
installed to monitor the overall radiation level. As
second part of the beam test, a silicon detector
module identical to the ones made fot ARGUS was
mounted on the beam pipe and two plastic scintilla-
tors served as trigger for charged particies. Finally,
the temperature in the vicinity of the silicon detec-
tor was measured simulating the enclosement within
the pVDC with a plastic tube.

After obtaining the noise spectrum of the pin-
diodes without beam, the background measurement
was started and two_electron bunches with a to-
tal current of 40 mA were injected. Once the cur-
rent dropped below 20 mA. the measurement was
stopped.

The energy resolution of the diodes as obtained from
measuring 2*!Am photon lines was ~2 keV. The
dose measurements in terms of Gy/h per mA of
beam current were reproducable on the level of 10%.
Time-integrated doses were consistent within a fac-
tor of two with the readings of dosimeters put next
to the diodes for several hours.

5.4.2 Results

The main objective of the beam test was to show
that the radiation level permitted the silicon de-
tector to be installed in ARGUS. Radiation doses
compatible with the predictions were the immedi-
ate results of the pin-diode and dosimeter measure-
ments. A strip detector that was placed close to the

beem pipe showed no signs of degradation after two
days of operation and the cooling provided for the
SR masks proved to be adequate. Since no posiiron
beam was available during the test, effects due to
the interaction between colliding bunches could not
be studied. Howevet, the successful operation of the
Si vertex detector in ARGUS confirmed the test re-
sults qualitatively.

A detailed comparison of the data with Monte-Carlo
simutations in view of their relevance to B factory
studies is the subject of a PhD thesis. This is not a
straightforward task. since the beam was unstable
during the test and the knowledge of the machine
parameters as function of time was limited. To gain
more information during the coming ARGUS run
petiod, pin-diodes have been installed close to the
silicon detector. In the following, some preliminary
results of the beam test shall be outlined:

Fig.9 shows a typical spectrum obtained from a pin-
diode. The spectrum of electronic noise measured
before injecting the beam has been subtracted. The
peak at lower energies 1s interpreted as SR. As ex-
pected for photons of this energy. the peak disap-
pears if the copper absorber is present. Further-
mote, its position and width is compatible with the
photon energy distribution obtained from the sim-
ulation and folded with the diode resolution (also
shown in fig.9). The number of hits integrated over
the presumed SR peak is generally within a factor of
two in agreement with the prediction. Its variation
with time and the observed azimuthal asymmetry
about the beam axis indicate that the beam posi-
tion was unstable and slightly off the nominal axis.

The SR peak contributes only little to the energy-
weighted spectrum, the integral of which yields the
total absorbed energy and corresponds to the radi-
ation dose. As predicted, most of the dose must be
attributed to lost beam particles. For stable beam
conditions, the radiation level was proportional to
the beam current and this correlation persisted dur-
ing the injection phase. A decrease in beam life
time was usually accompanied by an increase in ra-
diation. However, at some instances changes of the
radiation level without changes in the beam life time
were observed.

Assuming that the energy deposition scales with
beam cuttent and life time, the average dose mea-
sured above the tungsten shield and normalized to
30 mA and =3 h amounted to 0.026 Gy/h. With-
out the shielding material, 0.079 Gy/h were re-
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Figure 9: Typical spectrum obtained with Si pin-
diodes. The peak around 20 keV is compatible with
the Monte-Carlo prediction for SR, folded with the
diode resolution (hatched area). The resolution of
~2 keV is deduced from the measurement of the
241Am photon spectrum (inset).

ceived. For the same diode position, the EGS4
simulation yields 0.028 {(0.054} Gy/h with {without)
tungsten shield. Given the complexity of the prob-
lem and the uncertainties in the beam parameters,
the agreement ts remarkably good.

6. CONCLUSIONS

Powerful computational tools exist to simulate the
processes that account far the radiation background
ine*e™ collider experiments. The major sources are
synchrotton radiation generated in the vicinity of
the detector and beam-gas interactions at distinct
places, which can be far away from the IP. The lat-
tet is the more difficult process to simulate and to
fight against: it involves a large part of the machine
lattice and the interaction processes in the detector
material are more complex than in the case of SR
photons. Furthermore, measures against the back-
ground from beam-gas interactions yield only small
factors, while the reduction of SR due to masking
is typically expressed in orders of magnitude. On
the other hand, this means that the SR simulation
is more sensitive to the accuracy of its input param-
eters i.e. the size, shape and position of the beam.

The result of a background simulation is generally
considered to be accurate within one order of mag-
ﬁitude, which is sufficient for B factory studies, if
reasonable safety margins are taken into account.
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In the case of the ARGUS study, where the fate of a
new detector component depended on the reliability
of the simulation, the measurements agreed within
a factor of two with the prediction. However, more
experimental information on radiation backgrounds
and their comparison with Monte-Carlo predictions
is desirable. The rising interest in veriex detection
at existing or future experiments, where radiation
sensitive components have Lo be placed as close as
possible to the beam, will certainly stimulate further
experimenlal studies dedicated to this question in
the near future.
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