____________ K. McDonald
November 26, 1993

General Features of the E-144 CCD Spectrometer

The major components of the CCD spectrometer are listed below. Items 2 and 8 (col-
limators and sweeping magnet) have not been discussed much previously. The radiation
damage experienced in the silicon calorimeters during the August 1993 test run has con-
vinced me that there is a critical need for these. An Appendix contains some discussion of
the acceptance of the spectrometer.

1. Vacuum pipe extension from the end of present v line inside the FFTB tunnel to a
new y-beam stop about 100 m downstream of IP1. There must be no material in the
path of the CCD’s, since there may be as many as 107 4’s per pulse down this pipe in
the pair-creation experiment.

2. A set of collimators to mask synchrotron radiation. For the Compton experiment,
the convertor CCD (item 4) should only see synchrotron radiation from the very soft
bends, whose deflection angle is 50 pgrad. Hence the collimation angle here should be,
say, 40 prad, for which Compton photons of energy greater than 5 GeV would still be
accepted. For the pair-creation experiment the convertor CCD is not used, but the
pair-spectrometer CCD’s (item 6) must be protected. In principle no collimation is
needed in the vertical direction, and the horizontal collimation angle should be less
than that of the active area of the CCD’s — about 70 prad.

'The collimators should be made of about 30 X, of tungsten (7), and be located well
upstream of the CCD’s, perhaps even inside the FF'TB tunnel (above the electron dump
(7)), At, say, 30 m from IP1, +40 prad implies a gap of £1.2 mm for the collimators.
Alignment of the collimators will be very important, and may need remote adjustment
of both position and angle. If the collimators are made as planar jews, we would need
4 jaws, each with two remote motions for a total of 8 motions.

3. The CCD detector should be located in a detector building about 100 m downstream
of IP1. Building 111 would be an excellent location for the spectrometer. However,
presuming it is not available, the portable building 401 (?) is a good candidate. I recall
this building as having floor area 12/ x 18'. It will be preferable to orient the building
so the short dimension is along the beam, to provide room for the detector electronics
and people inside the building. See the sketch at the end of this note.

4, A convertor CCD that can be inserted into the v beam to convert the photon we
desire to analyze in the precision Compton experiment. A CCD made from 300 pm-
thick silicon has 0.003 X, which may be sufficient by itsel{ {assuming we mount the
active side of the CCD downstream). The CCD is, of course, inside the vacuum pipe.
The needed active area of the CCD is only about 2 x 2 mm?. However, we plan to use
the same 17 x 27 mm? CCD as in the pair spectrometer. The convertor CCD must
be retractable to a position well shielded by a lead wall. The required motion will
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be.about.5-cm.The CCD a,nd....its.....su.r;ounding. vacuum box will occupy about. 0.5.m

along the beam, This CCD is the most upstream of the components inside the detector
building,.

An analysis magnet with kick at least 200 MeV/c will be located just downstream
of the converter CCD. We desire to analyze electrons and positrons of momenta down
to about 5 GeV/c, so the maximum kick angle is about 1/25. The vacuum pipe inside
the magnet must therefore have aperture of at least 2- (L/2)-(1/25) = L/25 where L
is the length of the magnet. For example, if L = 1 m, the aperture must be at least 4
cm.

The CCD pair spectrometer consists of two arms of four 17 x 27 mm? CCD’s each,
all inside the vacuum pipe. Each arm must be retractable to a position shielded by a
lead wall, requiring a motion of about 5 cm for each arm. The CCD’s will be about 10
cm apart, so the array of four occupies about 30 cm along the beam. The spectrometer
should accept electrons and positrons of momenta between about 5 and 25 GeV /e, The
Appendix gives a brief discussion of the acceptance of the pair spectrometer, where it
is found thal a good configuration is that the inner edge of the CCD’s be about 7 mm
from the beamline, and that the magnet kick be 200 MeV /e, The CCD array and its
vacuum box will be about 0.6 m long, with a gap of about 0.45 m between the magnet
and the vacuum box. The lead shield for the CCD’s will sit in this gap.

The detector elements: conversion CCD, analysis magnet and two-arm CCD array thus
occupy about 0.5 4 1 -+ 0.45 + 0.6 = 2.55 m =~ 9’ along the beam. As noted earlier,
this fits well inside the 12’ shorter dimension of building 401,

I estimate these detector elements as occupying about 2’ transverse to the beam. If we
desire at least 2.5’ clearance on each side of the elements for personnel access, we need
7' transverse space. A radiation fence of about 1’ thickness will bound this region on
one side, and the wall of the building bound the other. If building 401 is oriented with
its 12’ dimension transverse to the beam, only 4’ remain for electronics and people,
which seems too little. If the 18’ dimension is transverse, we have 10/ remaining, which
seems adequate for people + rack + walkway behind rack.

A lead wall should be placed just downstream of the CCD arms to shield them from
backsplash from the y-beam dump. The lead wall should be 4” thick, ¢.e., made from
standard bricks. I suggest the well enclose the sweeping magnet and -y calorimeter
discussed below. It may not be necessary for the lead wall to have an accompanying
roof and floor.

The v beam should be end in a -y-calorimeter beam dump. This is a lead-silicon
calorimeter, perhaps the present y-calorimeter made from surplus SLD luminosity-
monitor silicon. It serves to monitor the total flux in the 4 beam, as well as providing
information on beam steering via the transverse segmentation. This information must
be in a form for quick access by the operators at Main Control.

The y-calorimeter will occupy about 1’ along the beam.,



-9, Backsplash from. the beam dump. can be a problem for the CCD’s.. We will have
up to 107 4’s in a beam pulse during the pair-creation experiment. Roughly 1 low-
energy electron emerges from the beam dump per 4, so we have a flux of some 107
electrons/pulse back towards the CCD’s. Those at larger angles will cross the beam
pipe and can be intercepted by the lead wall downstream of the CCD’s. But some
electrons are at small enough angles to stay inside the beampipe through the lead wall.,
To suppress these electrons it would be desirable to have a sweeping magnet with
kick at least 50 MeV/c downstream of the lead wall and upstream of the y calorimeter.
A small trim magnet will likely do, and might occupy about 1’ along the beam.

Thus, downstream of the CCD array we have a lead wall, sweeping magnet, and -
calorimeter, which occupy an additional 3', bringing the total required space along the
beamline to 12/, This just barely fits into building 401. A sketch of the layout is attached.
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Appendix: Acceptance Estimate for the Pair-Creation Experiment

I used a short Monte Carlo calculation to estimate the acceptance of the CCD spectrom-
eter for electron-positron pairs created at IP2. The pair energy was taken as 29 GeV, the
endpoint of the Compton-photon spectrum for collisions between 46.6 GeV electrons and
0.532 nm laser photons, The invariant mass of the pairs was generated between threshold
and 3 MeV/c?, and the angular distribution of the pairs was assumed to be isotropic in the
pair rest frame, _

The kick of the spectrometer magnet could be varied, as could the distance between the
inner edge of the CCD’s and the beamline. The CCD’s were all 17 X 27 mm? in area. A plot
of the acceptance vs. kick and position of the inner edge is given below, It appears that the
acceptance is maximal for a kick of 200 MeV /¢ and a distance of 7 mm between the CCD’s
and the beamline.

We show four additional plots:

1. Acceptance vs. pair mass. The Darmstadt peaks correspond to & mass of about 1.8

MeV/e.

2. Number of accepted particle vs. momentum. This shows that we will have acceptance
for particles only in the range 7-22 GeV/e.

3. Position distribution the electrons and positrons at the entrance to the spectrom-
eter magnet. Simply multiply distance in mm by 10 fo get the angle in prad. The
synchrotron-radiation collimator truncates this distribution to the central region shown
as a box.

4. Position distribution of electrons and positrons at the plane of the first CCD in the
pair spectrometer. The active area of the CCD is shown on the plot.
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%~y of pair at magnet center
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