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In this brief note we describe the locatlon of four sets of masks needed
to shield against backgrounds In the final focus reglom of the SLC. We rely
heavily ou the earlier work of E.5. Miller and J.C» Sens in SLC Wo rkshop
Note CN #53 entitled "“Backgrounds at the SLC Interactlon Polnt." The maln
polnt of this nmote is to update the results of Miller and Sens taking tnto ac-
count the recent changes that have beer. made in the optics of the SLC beams.
For the latest beam design we use the TRAMNSPORT output dated 5-13~83. This
design asassumeg <that the f£inal bends will form an ‘S’ about the interaction
point and that the final quadrupoles will bhe superconducting and will be
placed about 8 feet from the Interaction point. Some of the features of this
design are shown in Fig, 1l.

The only serious backgrounds are due to photons and neuttons entetring the
detector. The ueutrons are produced by bremsstrahlung photons hitting masks.
This background ls adequately discussed in CN #53 and will not be considered
further here. Concrete shielding can be placed gver the end caps of the de-
tector to reduce this background.

Virtually all the photon bacdkgrounds come from three sources:
beamsstrahlung produced by the beams Interacting at the [ateractlon point,
synchroton radiation produced by the soft bends, and synchrotron radlatlon
produced by the final superconducting quadrupoles. Ther are several other
minor backgrounds which are discussed by Miller and Sens, by the SLAC LINEAR
COLLIDER CONCEPTUAL DESIGN REPORT (SLAC-Repor=-229), and by J. Jaros in
AATF/80/22, These will not be considered here. 1In general rt%ey are mlnor
backgrounds which will not affect th= design of the masks to be discussed
below. Each of the three maln photon backgrounds will be now be considered in
turn.

BEAMSSTRAHLUNG. The interaction of the beams at the 1interactlion point
produces a photon beam with a maximun critical energy of about 300 HeV, uui-
form in direction within a maximum angle of 2.2 mr. Tt s important that
these photons be allowed to leave the detector reglon unimpeded for a great
enough distance so that backscattering fatn the detector is kept to a mindtirum,
If the quadrupoles Llocated at 60-9) ft on Fig. 1 have an aperture of S In.
and the bean pipe is allowed to Increase in eize as indicated, then the be- :
amsstrahlung will not hit anything until it reaches lask 0 at a digtance of 95 !
ft. from the interaction point. This Mask {s made up of 2 radiation lengths
of aluminum followed by about 20 or so radiatfon lengthe of laad.

To keep the beamsstrahlung from hitting the beam pipe before it reaches
Mask 0, the diameter of the beam pipe must he 5 in. from 20’ to 95’ from the
interaction point. Beyond Mask 0 a 2 cm diameter i{s sufficient. This means
that the final soft and hard bend magnets need have apertures of only 2 cm,
1lso.  (This 1s not shown in Fig. 1 since the pole tips are actually in the

plane of the figure.)
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The characteristice of the backscattering were studied using the program
EGS. {We thank Ralph Nelson for helping us Trun his program.) The most impor—
tant result obtained from EGS ie that the mumber of backscattered photons at
180 deg per incident photon per unit selid angle lies in the range 0.2-0,4.
This result is valid for Incident photons in the energy range 50-300 MeV and
for absorbers between aluminum and lead with lighter elements tending to have
a lower value.

The most important difference between aluminum and lead lies in the ener-
gy spectrue of the backscattered photons. This 1s shown In Fig. 2. For alu-
minue the energy spectrum peaks near 100 ¥eV, wheieas, for lead the enerpy
spectrum peaks near 500 KeV. The purpose of Ma: 0 shown in Fig. 1 is to ab-
sorb this beamsstrahlung. Fig. 3 showa the imr ‘fnte reglon around cthe in-
teraction point Including Masks 2 and 3., The ap. rture in Mask 3 assumes that
the detector subtends all angles to within 30 mr of the bheam direction. In
order to calculate the number of photons Inciden on the detector due ko the
backscattered photons from the beamsstrahlung dump se need to calculat~ the
solid angle of the apertute in Mask 3, partially shielded by Mask 2 from a un—
iform extended source, Mask 0. For the geometry shown in Fig. 3 a Monte
Carlo calculation pives for the solild angle,

AR/2n = 0.04x1079

Assuming that the average fractional energ{ lost by ar -lectton 18 0.5!10'3,
300 MeV maximum critical energy, 5x10 0 electrons -.er besm, and the above
solid angle, then the number of beamsstrahlung backscat.ered photons into the
detector would be ~l per crossing., This rate ls very sensitlve to the loca-
tion and slze of mask 2.

SOFT BEND SYRCHROTRON RADIATION. In order to teduce the critical energy
the final hard bend {s follaowed by a firal soft bend. The parameters of these
bends are listed below:

BEND ANGULAR BEND RADIUS OF CURV. CRITICAL ERNERGY PHOTONS/ELFCTRON

Hard 0.903 deg 507 ft. 1.80 MeV 16.3
Soft  0.144 deg 10,944 ft. 0.084 MeV 2.6

For the above parameters we find that approximately 11y photons/crossing
will eater the detector due to fluorescence from the inmer side of Mask 2 with
the geometry of Fig. 3. (Photons emerging from the inner side of Mask 2 must
rescatter off Mask 3 in order to enter the detector, ) This represents about 40
soft photons/meter” on the inner face of the drift chamber, If Mask 3 1is
closed down so that the mimumum angle of the detector is 200 mr, then the ap~—
erture in Magk 3 fs reduced from 4 ft. to 1 ft. The background of soft pho—
tong from the inner slde of Mask 2 becomes 20/crossing, or 7/meter” om the
inner face of the drift chamber.

To calculate the number of photons incldent on the secondiry vartex de~—
tector we assume a length of 4 cm and an fnner radivs of 1,5 cm. These values
come from a very preliminary design using silicon strips, In contrast to the
drift chamber the vertex detector is not shielded by mask 3. However, back-

.
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grounds are still small due to its small size and mass. We expect about 30

photons/crosging incident on this detector due to fluorescent photons from
soft bend synchrotrou radiation on the inner sife of Mask 2.

QUADRUPOLE SYNCHROTRON RADIATION. The most serious background for a
small angle detector 1s due synchrotron radiation from the final quadrupoles.
These are asaumed tc be superconducting as in the most recent beam optics de-
signe This radiation 1is most intense along the beam axis which means that
this background increases as the apertute in Mask 2 is decreased due to fluo-
rescence produced by the synchrotron radiation incident on the inmer side of
Mask 2. The preclse amount of background from this source depends sensitively
on the lecatfon and aperture 4n the two Masks 2. The minimum aperture is de-
ternined by the 2,2 or maximum angle of the beamsstrahlung. In Fig. 3 we
show an aperture with radius 0.7 cm which ia about 0.2 em outside the mazximum
angle of the beamsstrahlung. The location and aperture of Masks 2 needs
further tuning using detailed tracing of elect-ons thru the quadrupoles.
Hobey DeStaebler at SLAC 1s working on this and will distribute vesults as
soon as they are avallable.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their cmployees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completencss, or usc-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use \vuuld not infringe privaiely owned rights. Reference herein 10 any spe-
cific o ] product, p , o service by trade name, trademark, manufac-
turer, or otherwise does not neccssanly constitute or imply its cndorsement, recom-
mendatian, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed hercin do not necessarily state or
reflect those of the Unite  States Government or any agency thereof.




