Proposal for the Hall-D Beam Line Pair Spectrometer - Goals,
Technical Description , and Secifications

1) Introduction

The photon beam source for Hallwill be based on coherent bremsstrahlung of the CEBAF 12
GeV beam with a diamond radiator. Tjpioton beam generated by the interaction with the
diamond radiatowill consist of contributions both of incoherent-palarized bremsstrahlung
photons and patrtially linearly polarized coherent bremsstrahlung photons. As the angular
divergence of the incanent component is larger than the coherent component, the coherent
component can be enricheslative to the incoherent componéytcollimation after a large drift
space. It is planned to place the primary collimator for-Ballé m downstream of the disond
radiator which is roughly 2 in front of the GlueX detector. A taggisgectrometer, referred

to as the taggewill be built 2m downstream of the radiator and will measure the energy of the
electrons which radiated the photptiee photon energy i then determined from energy
conservationThe tagger will be readout for every GlueX trigged will bethe primary
measurement of the photon energdditionally, the tagger can be readout using a random
bunch crossing in order to measure the phetwrgy spectrum of the uncollimated photon beam
1,U"°°E).  Cross section measurement$SieX will require in addition a measurement of the
photon flux as a function of energy the beam after the collimatoits™'(E) . In principle the
photon spectruraouldbe determined by the GlueX detectarrfr the measured trigger rates.
However thisvould requireunderstanding the acceptance and trigger efficiencies at2fe 1
level. In practicean additional instrumenwill be neede for a precise measurementioé

photon flux incident on the GlueX tag In addition to the absolute flux measurement, the
linear polarization of the photon beam also needs measured.

In order to have a precision measurement otttegacteristics of thehoton beam it is
necessary to base the measurement on a wellstoddrprocess. It is proposed to ps&
production whichis a well understood QED process aslhasis for the luminosity measurement
and polarization determinatiomhe pair production cross section betwegofEl2 and 685eV is
accurate t®.XX%. In this document a paspectrometer is proposed based on a single magnet
and a simple detector arraf. single simple magnet design is chosen to minimize the
uncertainty in the magnetic field seen by #hectron and positro.he pair spectrometer is self
cdibrating to the extent that the absolute energy scale can be determined from the high energy
edge of the photon spectrum. The endpoint of the spectrum corresponds to the CEBAF beam
energy which is known to better tharpart in10°. The beam fluX,"°'(E) is determined from
the coincidence rates in tepectrometer. Ae excellent energy calibration of the pair
spectrometer will allow a cross calibration of the photon energy measurement in the tagger
spectrometer by looking abincidences between thed spectrometers.This technique can
also be used to determine the tagger trigger efficiency. Finally a careful analysis of the flux
functionl,’®'(E) can determine the polarization of the photon bdarsummary e goaldor
this Pair Spectrometeareas follows

a) Continuously measute beam flux as a function ehergyl."*'(E) between 6 andi2

GeV.

b) Determine the lpoton beamihear polariation

c) Provide an independergggerenergycalibration

d) Measure the tagger trigger efficiency

In addition to the above goals the pair spectrometer must be designed so that the spectrometer
can be upgraded in the future with silicon detectoragasurghe ghoton beantinear
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polarizationdirectly. As these detectors must be placed in front of the pair spectrometer magnet,
this requires a minimum ofrh drift space between the pair spectrometer radiator and the
magnet.

2) Pair Spectrometer Desig n
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Figure 1 Layout of the proposed pair spectrometer. On the leftis a thin 10* radiation length converter
followed by a strong spectrometer magnet. The vacuum chamber extends 1.5 m beyond the end of the
magnet. Immediately outside the mcuum chamber is ascintillator hodoscope detector.

The layout of tle proposedair spectrometer is shownhkigure 1. The6i 12 GeVphoton

beam is sampled with a thaonverter shown on the left Bfgure 1. As the pair production

cross section is larga thin convertecan be used. Theptimum choice for the converter
thickness will depend on the details of the detector design and photon beam flux and will
therefore be discussed after the detector isribest The target holder will be positioned at least
1 m upstream of the pair spectrometer magnet and will be equipped with several different
thickness radiator§.he converter ladder can also be completely removed from the beam.

The electron and positne are produces with a very narrow opening angigically mJE, = 42

- 85 prac®). Therefore the analyzing magnet can have a smalbgaf needs to be strong and
requires avide pole.The magnet needs to be strong because the larger the Int[B*dh¢ of
magnet the more dispersed the electrons and positrons will be on the hodoscopedtare

better the momentum resolutiofhe pole needs to lvéde becauséhe width of the pole defines
the lowest momentum measureable in the spectrométartickes below a certain momentum

will be scraped ofby the vacuum vessel walls at the downstream end of the magnet which is
defined by the pole width. A survey of available magnets as been performed and the magnet be:s
suited for our applications has been s&d. This magnet has a pole width of about 600 mm and
an effective length of about 1.83. The exact numbers can only be determined after plates have
been designed to reduce the maggapfrom 150 mm to 75mmThe magnet should operate at a
field where tfe iron is not saturated, so the field will be reproducible at 1fh B6r this study a
1.63 tesla field is assumédfithe magnet is operatedlab3 teslaelectrons/positrons wita
momentunof 3.0 GeV have a horizontal displacement at the end of #ynet of 28 cm, so the
pole width of £30 cm is jusufficient atthis momentumThe vacuum chamber downstream of

the magnet is limited in length to about 1.5 mspgce requirements fequipment necessary for
the GlueX detector. Given the parameterdefrnagnet the chamber needs to be 1.6m wide at
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the downstream end. One necessary condition on the spectrometer desigh2<awt
electrons or positrongenerated in the converter must be able to pass throughithveindow at
the end of the vacuum amder and strike a shaihg wall. This protects GlueX from
unnecessary backgrounwith this design 12 GeV electrons or positrons will exit the vacuum
chamber 18 cm from photon beam axis leavunf§@ent space for a flange to couplee photon
beamlineand the exit window mounthe vacuum chamber is constructed of-noegnetic
material (aluminum or stainless steel). In summanyagnet with an effective lengths =
1.829m, an integrated field strengtht[B*dL] =2.991T*m, an operating fieldn.x= 1.64tesla
and a pole widtlb, = +30 cmis assumed. The vacuum chamégtend 1.5m beyond the end

of the magnet

The scintillator hodoscope detectors are shown on the rigtigume 1. The Fine Spacing

Forward (FSF) hodospe (positron arm) and Wide Spacing Forw@isF) hodoscope

(electron armare used for thenergydeterminatiorwhile the Fine Spacing Backward

hodoscope (FSB) and Wide Spacing Backward hodoscopes (WSB) are used for triggering
purposesThe FSF hodoscopeill measure in fine momentum bins between 3 and 4 GeV. The
WSF is a sequee of single scintillators at intervals corresponding to 1G@ed covering the

range 3.25 to 8.25 GeV. As the spacing between the counters in the WSF hodoscope correspon
to the taal range of coverage in the FSF every momentum bin #2125 GeV to 6.2%eV
corresponds to a coincidence between only one pair of scintill@tussspectrometer design
providesuniform acceptance over tle@mergy range of 12 GeV to 64 GeV using a nmimum

number of counters and readout channiéte disadvantage of this design is that the overall
acceptance for the produced pairs is low. Cross sections, rates, and acceptance will be discusse
in the performance section.

momentum | radins of | Scattering | Scattering | Displacement | x drift (m) | x (m) at Counter
plGeV) |eorvature R|Angle (rad) Angle at end of mag. | magnet to | hodoscope | width (m)
m) Deerees m hodo
0.3044

1 3.0000 6.1018 17.4425 0.2806 0.4713 0.7519 0.0111
2 30417 61865 0.3001 17.1961 0.2765 0.4642 0.7408 0.0108
3 3.0833 62713 0.2959 16.9566 0.2726 0.4574 07300 0.0104
4 31250 63560 0.2919 16.7238 0.2688 0.4507 0.7195 0.0101
5 3.1667 64408 0.2879 16.4974 0.2652 0.4442 0.7094 0.0059
6 3.2083 6.5255 0.2841 162772 0.2616 0.4380 0.6995 0.00%6
7 3.2500 6.6103 0.2803 16.0628 0.2581 0.4319 06900 0.0053
8 3.2917 6.6950 0.2767 15.8541 0.2547 0.4260 0.6807 0.0031
9 3.3333 6.7798 0.2732 15.6508 0.2514 0.4202 06716 0.0088
0 3.3750 68645 0.2697 15.4527 0.2481 0.4147 0.6628 0.0086
11 3.4167 6.94593 0.2663 152557 0.2450 0.4092 06542 0.0083
12 3.4583 7.0340 0.2630 15.0714 0.2420 0.4039 0.6459 0.0081
13 3.5000 71187 0.2598 148878 0.2350 03988 0.6377 0.0079
14 3517 72035 0.2567 147087 0.2361 03938 06298 0.0077
15 3.5833 T7.2B82 0.2537 14.5339 0.2332 0.3889 0.6221 0.0075
16 3.6250 T7.3730 0.2507 14.3632 0.2305 0.3841 0.6146 0.0073
17 36667 74577 0.2478 14.1965 0.2278 03795 06072 0.0072
18 3.7083 75425 0.2449 14.0337 0.2251 03749 06000 0.0070
19 3.7500 7.6272 0.2422 13.8747 0.2225 0.3705 0.5931 0.0068
0 37917 T.7120 0.2354 13.7192 0.2200 0.3662 0.5862 0.0067
21 3.8333 T.7967 0.2368 13.5672 0.2176 03620 05795 00065
22 3.8750 T.BE1S 0.2342 13.4186 0.2152 03579 05730 0.0064
23 3.9167 T.9662 0.2317 132732 0.2128 03538 0.5667 0.0062
24 39583 B.0510 0.2292 13.1310 0.2105 0.3499 0.5604 0.0061
25 4.0000 B.1357 0.2267 129918 0.2083 0.3461 05543

Total width of the F5F hodoscope 0.19753

Table 1: Detailed summary of the fine spaced forward (FSF) hodoscope. In this
design 41.™MeV/c momentum bins are used. The radius of curvature in the
magnet, the bend angle in the magnet, thedisplacement at the end of the
magnet, and the xcoordinate at the hodoscope are computed for the momentur
corresponding to the edge of every momenturpin. The counter widths are
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The FSF hodoscope @ssinde layer close packed scintillator hodoscope with fine segmentation
covering the momentum range between 3 and 4.Gb¥ FSF hodoscope Wtonsist of24

scintillator counters each with a momentum acceptahteGeV/24 = 41.7 MeV. Aonstant
momentum acqaanceper channel requires adjusting the width of each coufidlel
summarizeshe important parameters for the positrons with momentum such that they strike the
boundariedbetween the individual counters in the FSF. This infélonadefineghe design of

the FSF. For every momentum bin the curvature in the magnet was computed and the scattering
angleand displacemerdt the exitof the magnetieterminedUsing the scattering anglibe

horizontal displacememiue to the 1.5n long drift space is computed and finally therizontal
positionof the particles othe hodoscopélhe hodoscope is 19.75 cm wide andwheth of the
individual counters range from 6.6 to 11.1 nirable2 summarizes the design ¢fet FSF. The
momentum range, uncertainty, position and width of each counter are\W&tadhis design the

high momentum counter has a width of 6mm which is roughly twice the photon beam spot size
on the converteThe effect of the beam spot size on de¢ector resolution was estimated to be

7 to 12% for a 24 channel FST. (How did you estimate this?) A careful MC study of the detector
resolution taking into account the spot size, multiple scattering, and the pair production opening
angle needs to be permed to exactly determine the optimum number of counters but it is clear
this design is close to the optimum. Another important factor to be considered when selecting the
momentum binning of the FSF is the impact this binning has on the ability to detdha
polarization of the photon beam by fitting the shape opti@on energy spectruriihe number

of energy binper GeV needs to be selectet enough sohat the corresponding uncertainty in

the fit tothe coherent bremsstrahlung spectrum doeslomwinate the uncertainty in the
determination of the linear polarizatioks seen irFigure2, already 15 bins per GeV gives a

fairly accurate determination of the shape, whilehepresent desiggdbins/GeV is considered.

As part of the MCstudies thempact of changing the binning on the uncertainty in the linear
polarization measurement should be studied

1 30417 41.6667 12.0281 0.7519 11.1038
2 3.041? 3.0833 41.6667 12.0281 0.T408 10.7620
3 3.0833 31250 41.6687 12.0281 0.T300 10.4495
4 3.1250 3.1667 41.6667 12.0281 07195 10.1446
5 3.le667 32083 41.6667 12.0281 07054 98532

& 3.2083 3.2500 41.6667 12.0281 06995 95745

7 3.2500 32917 41.6667 12.0281 06900 93079

g 3.2017 3.3333 41.6667 12.0281 0.GE07 9.0525

g 3.3333 33750 41.6687 12.0281 06716 B.8078

10 3.3750 34167 416687 12.0281 06628 8.5731

11 34167 34583 41.6667 12.0281 06342 B.3480

12 34583 3.5000 41.6667 12.0281 0a439 8.1318

13 3.5000 33417 41.6667 12.0281 06377 79241

14 3417 3.5833 41.6667 12.0281 06298 17245

15 3.5833 36250 41.6667 12.0281 06221 75325

16 3.6250 3.6667 416687 12.0281 06146 13478

17 3.6667 37083 41.6667 12.0281 06072 11659

18 3.T083 3.7500 41.6667 12.0281 06000 69983

19 3.7500 31m17 41.6667 12.0281 03931 68334
0 37917 38333 41.6667 12.0281 05862 6.6741
21 3.8333 38750 41.6667 12.0281 05795 65205
n 38750 3.9167 416667 12.0281 05730 63722
23 39167 39583 41.6687 12.0281 05667 62291
4 3.9583 40000 41.6667 12.0281 05604 60908

Table 2: Summary of the FSF hodoscope design. The momentum range, momentum
uncertainty, position, and size for each counter are shown.
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Figure 2 A typical photon energy spectrum is shown for a 3.4mm collimator. Superimposed on the curve
are the energy measurement points corresponding to a FSF hodoscopéhwl5 scintillators.

The WSF hodoscope is a setsof narrow scintillators positioned ttetect eletons insteys of
1GeV/crangingfrom 3.25t0 8.25GeV/c. The 3.25 GeV/c lower limifor the WSF hodoscope is
determined ¥ the width of the magnet poles2.25 GeV/garticle will not pass through the
magnetSignals from the twadetector arms are taken in coincidence and the photrg\ers the
sum of the positron and electron energssshis combination of detectors theavers the
momentum range of 6.25 to 12.&kV/c. As the FSF and the WSF measure the positron and
electron energies independently, the uncertainty in the photrg\eis the sum of the energies
of the electron and positron added in quadrature. The equation for the phetgguncertainty

is then:

G:) — +2_( &2)1/6

wherel, is the uncertainty in the photon energy @ndand(l. are the uncertainties in the
positron and electron energies respectively. Correspondihgyquation for the energy
resolution using the relatidg, = E+E. is:

( dE)= ¢ G)YUI(E+E)).

It is clear from the above equations that once the segmentation and thérei@sotutio of the
FSF has been chostre optimum design of the 8F is highly constrained. The $¥ scintillator
widths should be chosen so that the overall photon energy uncertainty is not dominated by the
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