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

1)  Introduction  
The photon beam source for Hall-D will be based on coherent bremsstrahlung of the CEBAF 12 

GeV beam with a diamond radiator. The photon beam generated by the interaction with the 

diamond radiator will consist of contributions both of incoherent un-polarized bremsstrahlung 

photons and partially linearly polarized coherent bremsstrahlung photons. As the angular 

divergence of the incoherent component is larger than the coherent component, the coherent 

component can be enriched relative to the incoherent component by collimation after a large drift 

space. It is planned to place the primary collimator for Hall-D 76 m downstream of the diamond 

radiator which is roughly 22 m in front of the GlueX detector. A tagging spectrometer, referred 

to as the tagger, will be built 2 m downstream of the radiator and will measure the energy of the 

electrons which radiated the photons, the photon energy will  then determined from energy 

conservation. The tagger will be readout for every GlueX trigger and will be the primary 

measurement of the photon energy. Additionally, the tagger can be readout using a random 

bunch crossing in order to measure the photon energy spectrum of the uncollimated photon beam 

Iɔ
uncoll

(E).   Cross section measurements at GlueX will require in addition a measurement of the 

photon flux as a function of energy of the beam after the collimators, Iɔ
coll

(E) . In principle the 

photon spectrum could be determined by the GlueX detector from the measured trigger rates.  

However this would require understanding the acceptance and trigger efficiencies at the 1-2% 

level. In practice, an additional instrument will be needed for a precise measurement of the 

photon flux incident on the GlueX target.  In addition to the absolute flux measurement, the 

linear polarization of the photon beam also needs measured.  

 

 In order to have a precision measurement of the characteristics of the photon beam it is 

necessary to base the measurement on a well understood process. It is proposed to use pair 

production which is a well understood QED process as the basis for the luminosity measurement 

and polarization determination. The pair production cross section between E of 12 and 6 GeV is 

accurate to 0.XX%. In this document a pair spectrometer is proposed based on a single magnet 

and a simple detector array.  A single simple magnet design is chosen to minimize the 

uncertainty in the magnetic field seen by the electron and positron. The pair spectrometer is self 

calibrating 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 than 1 part in 10
-3

.  The beam flux Iɔ
coll

(E)  is determined from 

the coincidence rates in the spectrometer. The excellent energy calibration of the pair 

spectrometer will allow a cross calibration of the photon energy measurement in the tagger 

spectrometer by looking at coincidences between the two spectrometers.   This technique can 

also be used to determine the tagger trigger efficiency. Finally a careful analysis of the flux 

function Iɔ
coll

(E) can determine the polarization of the photon beam. In summary the goals for 

this Pair Spectrometer are as follows: 

a) Continuously measure the beam flux as a function of energy Iɔ
coll

(E) between  6 and 12 

GeV. 

b) Determine the photon beam linear polarization. 

c) Provide an independent tagger energy calibration. 

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 detectors to measure the photon beam linear 
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polarization directly. As these detectors must be placed in front of the pair spectrometer magnet, 

this requires a minimum of 1 m drift space between the pair spectrometer radiator and the 

magnet. 

 

 

2)  Pair Spectrometer Desig n 
 

  
Figure 1 Layout of the proposed pair spectrometer. On the left  is a thin 10

-4
 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 vacuum chamber is a scintillator hodoscope detector. 

 

The layout of the proposed pair spectrometer is shown in Figure 1.  The 6 ï 12 GeV photon 

beam is sampled with a thin converter shown on the left of Figure 1.  As the pair production 

cross section is large, a thin converter can be used.   The optimum 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 is described. The target holder will be positioned at least 

1 m upstream of the pair spectrometer magnet and will be equipped with several different 

thickness radiators. The converter ladder can also be completely removed from the beam.  

 

The electron and positrons are produces with a very narrow opening angle, (typically me/E  = 42 

- 85 µrad?). Therefore the analyzing magnet can have a small gap, but it needs to be strong and 

requires a wide pole. The magnet needs to be strong because the larger the Int[B*dL]  of the 

magnet the more dispersed the electrons and positrons will be on the hodoscope plane and the 

better the momentum resolution. The pole needs to be wide because the width of the pole defines 

the lowest momentum measureable in the spectrometer.   Particles below a certain momentum 

will be scraped off by 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 best 

suited for our applications has been selected. This magnet has a pole width of about 600 mm and 

an effective length of about 1.83 m. The exact numbers can only be determined after plates have 

been designed to reduce the magnet gap from 150 mm to 75mm. The magnet should operate at a 

field where the iron is not saturated, so the field will be reproducible at 1 in 10
-4

. For this study a 

1.63 tesla field is assumed. If the magnet is operated at1.63 tesla, electrons/positrons with a 

momentum of 3.0 GeV have a horizontal displacement at the end of the magnet of 28 cm, so the 

pole width of ±30 cm is just sufficient at this momentum. The vacuum chamber downstream of 

the magnet is limited in length to about 1.5 m by space requirements for equipment necessary for 

the GlueX detector. Given the parameters of the magnet the chamber needs to be 1.6m wide at 
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the downstream end. One necessary condition on the spectrometer design is that 12 GeV 

electrons or positrons generated in the converter must be able to pass through the exit window at 

the end of the vacuum chamber and strike a shielding wall. This protects GlueX from 

unnecessary background.  With this design 12 GeV electrons or positrons will exit the vacuum 

chamber 18 cm from photon beam axis leaving sufficient space for a flange to couple the photon 

beamline and the exit window mount. The vacuum chamber is constructed of non-magnetic 

material (aluminum or stainless steel). In summary, a magnet with an effective length Leff = 

1.829 m, an integrated field strength Int[B*dL]   =2.991 T*m, an operating field Bmax = 1.64 tesla, 

and a pole width Dx = ±30 cm is assumed. The vacuum chamber extends 1.5 m beyond the end 

of the magnet.  

  

The scintillator hodoscope detectors are shown on the right in Figure 1. The Fine Spacing 

Forward (FSF) hodoscope (positron arm) and Wide Spacing Forward (WSF) hodoscope 

(electron arm) are used for the energy determination while the Fine Spacing Backward 

hodoscope (FSB) and Wide Spacing Backward hodoscopes (WSB) are used for triggering 

purposes. The FSF hodoscope will measure in fine momentum bins between 3 and 4 GeV. The 

WSF is a sequence of single scintillators at intervals corresponding to 1GeV and covering the 

range 3.25 to 8.25 GeV. As the spacing between the counters in the WSF hodoscope corresponds 

to the total range of coverage in the FSF every momentum bin from 12.25 GeV to 6.25 GeV 

corresponds to a coincidence between only one pair of scintillators. This spectrometer design 

provides uniform acceptance over the energy range of 12.4 GeV to 6.4 GeV using a minimum 

number of counters and readout channels. The disadvantage of this design is that the overall 

acceptance for the produced pairs is low. Cross sections, rates, and acceptance will be discussed 

in the performance section.   

 

Table 1: Detailed summary of the fine spaced forward (FSF) hodoscope. In this 

design 41.7 MeV/c momentum bins are used. The radius of curvature in the 

magnet, the bend angle in the magnet, the x-displacement at the end of the 

magnet, and the x-coordinate at the hodoscope are computed for the momentum 

corresponding to the edge of every momentum bin. The counter widths are 

computed in the right column.   
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The FSF hodoscope is a single layer close packed scintillator hodoscope with fine segmentation 

covering the momentum range between 3 and 4 GeV. The FSF hodoscope will consist of 24 

scintillator counters each with a momentum acceptance of 1 GeV/24 = 41.7 MeV. A constant 

momentum acceptance per channel requires adjusting the width of each counter. Table 1 

summarizes the important parameters for the positrons with momentum such that they strike the 

boundaries between the individual counters in the FSF. This information defines the design of 

the FSF. For every momentum bin the curvature in the magnet was computed and the scattering 

angle and displacement at the exit of the magnet determined. Using the scattering angle, the 

horizontal displacement due to the 1.5 m long drift space is computed and finally the horizontal 

position of the particles on the hodoscope. The hodoscope is 19.75 cm wide and the width of the 

individual counters range from 6.6 to 11.1 mm. Table 2 summarizes the design of the FSF. The 

momentum range, uncertainty, position and width of each counter are listed. With this design the 

high momentum counter has a width of 6mm which is roughly twice the photon beam spot size 

on the converter. The effect of the beam spot size on the detector 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 performed 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 determine the 

polarization of the photon beam by fitting the shape of the photon energy spectrum. The number 

of energy bins per GeV needs to be selected fine enough so that the corresponding uncertainty in 

the fit to the coherent bremsstrahlung spectrum does not dominate the uncertainty in the 

determination of the linear polarization. As seen in Figure 2,  already  15 bins per GeV gives a 

fairly accurate determination of the shape, while in the present design 24bins/GeV is considered. 

As part of the MC studies the impact of changing the binning on the uncertainty in the linear 

polarization measurement should be studied.   

 

 

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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The WSF hodoscope is a set of six narrow scintillators positioned to detect electrons in steps of 

1GeV/c ranging from 3.25 to 8.25 GeV/c.  The 3.25 GeV/c lower limit for the WSF hodoscope is 

determined by the width of the magnet poles; a 2.25 GeV/c particle will not pass through the 

magnet. Signals from the two detector arms are taken in coincidence and the photon energy is the 

sum of the positron and electron energies, so this combination of detectors then covers the 

momentum range of 6.25 to 12.21 GeV/c. As the FSF and the WSF measure the positron and 

electron energies independently, the uncertainty in the photon energy is the sum of the energies 

of the electron and positron added in quadrature. The equation for the photon energy uncertainty 

is then: 

 

ůɔ =  (ů +
2
+  ů-

2
)
1/2

 

 

where ůɔ  is the uncertainty in the photon energy and ů + and ů- are the uncertainties in the 

positron and electron energies respectively. Correspondingly, the equation for the energy 

resolution using the relation Eɔ = E-+E+ is:  

 

(ůɔ/ Eɔ) =  (ů +
2
+  ů-

2
)
1/2 

/(E-+E+). 

 

It is clear from the above equations that once the segmentation and therefore the resolution of the 

FSF has been chosen the optimum design of the WSF is highly constrained. The WSF scintillator 

widths should be chosen so that the overall photon energy uncertainty is not dominated by the 

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 hodoscope with 15 scintillators.   

 

 

 


