                    Proposal 
         For Hall D beam line Pair Ppectrometer 
        Goals,  technical description and specifications

1. The  goals. 
 a. Monitoring the beam flux and spectra

The tagger of Hall D beam line  purposed to tag the photon energies, is  located  immediately after  diamond crystal target and allows to measure the scattered electrons energies, corresponding to not collimated photon’s spectrum Iγuncoll(E). Collimator is located 80m downstream at 30m distance from  the  GlueX detector’s front. The triggering of the tagger rate by the  detector  results to a selection of collimated photon spectrum Iγcolll(E) convoluted with the trigger efficiency ε(E). For the knowledge of the collimated photon spectrum the trigger  efficiency ε(E) should be experimentally defined or calculated with precision in the level of 1-2%. The pair spectrometer, located in the front of detector allows an independent measurements and monitoring of the photon beam spectra and flux at the detector’s target.
  b. Tagger calibration

 As an instrument with simple configuration : PS ordinary  consists of    dipole magnet equipped with set of the scintillator counter hodoscopes and  is easily calculated  and adjusted for the  measurements of the photons spectra, As a  reference  it may be used the for the cross-check  calibrations of the tagger, having more complicated configuration  and operating  under big occupancy by electrons flux above  109. Working in coincidence with PS, tagger is measuring the energy of the electrons after its radiation, while PS measures the energy of the radiated photon. Cross-check of the photon energy measured in PS and  defined in the tagger is shown in scatter-plot below. Each point in the plot is the combination of PS and tagger measurement with the relevant error bars of corresponding energy resolutions.
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 In this plot the energy resolution of the tagger is shown to be  higher than of PS. The resolutions for the PS, tagger hodoscopes and  microscope are expected to be in the level of 32, 20-30 and 9Mev respectively. However more coarse resolution of PS will not affect the cross-check accuracy if  enough events statistics (n)  is accumulated for the each tagger’s energy bin, allowing  to define the mean of local PS spectrum with  precision σPS/(n(n-1))1/2 comparable to  a tagger’s resolution.  

Note this plot may also contain an information on the random coincidences inside in  each of  the device and between them, that may affect the measured energy, shifting  the corresponding point in plot out of  calibration line in parallel to a corresponding  axes.
  The photon spectrum  fall-off at the high energy end , smeared by PS resolution,  corresponds to  a electron beam energy and provides an absolute calibration of  PS and tagger. 

3.Photon beam linear polarization determination
The measurement of the CB spectrum allows to exploit the size and shape of the CB  peak to calculate the linear polarization. The methods developed for this task are quite advanced  and  require only the wide enough  energy range measured above and below the peak region. For example at CB peak energy setting at 9 GeV for GlueX , the range from 6 to 12 GeV is quite appropriate  for this task, allowing the reachable precision to be in  order of 0.01-0.02  in the working range  (E-Epeak)/ Epeak<0.3.
4. PS layout concept  
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· The  magnet

The requirement to PS presented above such as an photon energy acceptance  and resolution might be achieved at different BxL(T*m) of the magnet and length of the vacuum chamber(Lvc)  as well as at  different granularity  of the detectors.
 The smaller BxL of the magnet might be compensated in the some extent by longer vacuum chamber allowing the same final displacement of the detectors. The reasonable  choice as evaluated for the  photon energy range Eγ=6-12GeV is the use of the warm magnet working without saturation(B<1.7T)  at BxL ≥ 2T*m. The poles width should also be enough for  particles trajectory bend  at the angles  14-17o at lower momentum edge,  leading also to a reasonable length of the vacuum chamber. 
The choice

A dipole  magnet configuration is used in the  present calculations. An assumptions are made as a follows: BxL =2.T*m, Bmax=1.333tesla, effective length of the magnet Leff=1.5m and pole’s half width  Dx=20cm . ..

  The vacuum chamber is  assumed to be Lvc=2m long trapezoidal structure in  horizontal  plane, made of non-magnetic alloy  and allowing to guide the analyzed particles in the vacuum till the first layer of the PS detectors  The width of the vacuum chamber at its  exit is  approximately 160cm and allows to fit in the  trajectories with maximal bending angles around 17o
· The detectors 
The same  acceptance of the assumed photon energies range  might be achieved with different combination of PS arms energies. The choice of the fine granularity counter hodoscopes  in one arm and of wide spaced counters in the other is  most appropriate   to  provide non-overlapping,  efficiency uniform  combinations of measured energies.. The absolute value of the energy sampling of the photon spectra  in this case is exactly  equal to one in the fine granularity arm(.ΔEγ =ΔP+)   The choice of the photon energy resolution is requested  by the wish to avoid a visibly smearing of  CB peak shape(see figure below)..  
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An experimental factors such as the beam spot size at the PS converter, angular cone of pair production cross-section and  multiple scattering effects should be taken into account limiting the minimal granularity reachable..  The requirement of higher photon energy  resolution at the chosen  layout  geometry  can be realized by a higher granularity choice in the fine granularity arm at its momentum acceptance fixed  and higher resolution in the wide spaced  counters arm.. It is easy to see looking at the expression for  photon energy resolution below:
                       (σγ/ Eγ)=  (σ +2+  σ-2)1/2 /(P-+P+)
 The  minimally acceptable  resolution at the  selected energy sampling(ΔEγ) should be a half of this bin size ( σγ ≤ ΔEγ/2. The higher resolution in the wide spaced counters arm has an immediate impact on the reduction of counters’  width in the analysis plane and as a consequence in the drop of PS efficiency., which is energy dependent and decreases toward to high energy end of the bremmstrahlung spectrum.  
 The choice 
   As was formulated above the  photon energy coverage from 6 to  12 GeV is required to build the PS acceptance. The consideration how to build layout is starting by the few following assumptions:

      a.   The two arms coincidences provide non-overlapping in energy combinations 

b. Limited acceptance of fine granularity  arm is set to the range of 2 to 3GeV/c or 3 to 4GeV/c at chosen granularity of  16 bin/GeV as a cost saving option  Range of  3 to 4GeV/c is preferable as providing more tight hodoscope configuration.. Lower momentum choice is not motivated, the upper limit in the second arm is shifting  toward higher momentum with smaller bending angles.
Within this assumptions the  measured photons energies rang ( 6 to 12 GeV) automatically points to a momentum limits in wide spaced arm as  3 to  8GeV/c. With aim to cover the energy range slightly above 12 GeV for PS calibration issue, the measured range is selected to be 6.5 -12.44GeV. The geometry  of hodoscopes is defined by  photon energy resolution and  magnetic optics considerations, very simple for the dipole magnet at incoming zero angle to a beam directions.  The details are listed below and shown in Table :
              Fine Spacing Forward(FSF) hodoscope (positron arm): 

              Pmin=3GeV,  Pmax=3.94GeV, Ns=16,  δP=0.063GeV/c, σ+/< P+ >≈ 0.52%
              R=7.5 – 13.16m, α=11.54 – 8.74o , xmin=34.5cm, xmax=45.8cm
              Δx-xmax-xmin=11.3cm, <δx>= Δx/(Ns-1)=0.75cm

Table 1.  WSFH arm:

	Counters 

of WSF hodocope
	P(GeV/c)
	 α (deg)
	x(cm)
	Δx(cm) at      σγ/Eγ=0.35%
	Δx(cm).projected to BxL=2.62T*m, Lvc=2m,Dx=25cm

	WSF1
	3.4
	10.16
	40.2
	0.65
	1.15

	WSF2
	4.4.
	7.84
	30.9
	0.5
	0.91

	WSF3
	5.4
	6.38
	25.1
	0.41
	0.73

	WSF4
	6.4
	7.23
	21.2
	0.34
	0.61

	WSF5
	7.4
	6.22
	18.3
	0.28
	0.52

	WSF6
	8.4
	5.47
	16.13
	0.25
	0..45


Looking at  the widths of the strips in the WSFH arm (the column 5) one may see  their   predictable  decrease with respective momentum increase at fixed photon energy and positron arm resolutions. From the other hand the strips size should be at least in the order of  experimental factors contributing to arms momentum resolution. The main factor is a beam spot size app. 3.4mm at the PS converter, that will dominate in the  energy resolutions above 9GeV photon energy. At CB peak range(P-=5.4GeV, P+=3 - 3.94GeV), the contribution of the beam spot will worsen the energy resolution by 20%.  So there is a sense to project the WSFH   widths to a higher BxL and  Lvc  of PS(the column 6).  The transversal displacement in the analyzing plane  is quadratic in BxL and linear in Lvc, giving in total the gain factor  of 1.8. Note the problem with strips small width  arises due to a request of a wide acceptance of bremmstrahlung spectrum and it also exists in the other alternative options , for example in layout with symmetrical arms and  the equivalent photon energy resolution. 
   The details  of backward  layer hodoscopes are not presented here because  their need inside  of PS design is not finalized yet, depending on the background radiation  estimation. However they are functioning in  Hall B PS, cleaning-up the noisy background and so their need in Hall D PS  may be also indirectly confirmed by Hall B’s  data on their one arm rates: single and in coincidence. The geometry of backward layer hodoscopes is shown in PS layout above and  is designed for  PS trigger formation in the electronics scheme presented below. It consists of  6 and 3 strips hodoscopes, located 1m downstream, behind of WSF(6)  and  FSF(16) hodoscopes respectively.     . 
· Efficiency  and  rates
The  measurements of bremmstrahlung  spectra in PS should be realized with known  efficiency at each photon energy bin defined by two arm coincidence. The  calculations,  within pure geometrical assumptions might be affected by different factors , for example by electronics thresholds instabilities. The relative  efficiency of the PS channels can be directly measured using a bremmstrahlung spectrum generated in the amorphous radiator that has a  known shape and can tag the PS efficiency.  This procedure  should be regularly repeated, aimed to control and correct the possible instabilities. The absolute efficiency of PS should be defined experimentally at known or calculated flux.    
   4. Electronics

There is in total 16+3+2x6=31 counters in FSF(16), FSB(3),WSF(6) and WSB(6) hodoscopes
 The following structure of electronics logic is proposed:
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Disctiminators:  The use of  16+6  channels of CFD for FSF and WSF hodoscopes provides a precise timing reference for TOF measurements   and 6+3 channels of fixed threshold  discriminators D for FSB and WSB hodoscopes for trigger elaboration.
Trigger: is formed by two arms coincidences  between  the backward layer detectors, considering them as a one counter in each arm, using simply  a digital Or  and And operations. 
Flash TDC:   The readout  module recording the time and coordinates of the hits and allowing to check-out the true and random coincidences between the first and second layers both in time and coordinate as well as between arms and between PS and the external reference.. The scheme is agreed with F.Barbosa.
5.Software                               

The software for  PS should imply:
-  measurements of PS efficiency using  incoherent bremmstrahlung spectra 

-   search of crystal axes orientation in angular scan
-  online  measurements and monitoring of CB spectra with feedback to crystal positioning.

- off-line  PS data analysis and CB polarization calculation

All these programs were developed for  YERPHI’s  γ-2 linearly polarized  beamline facility and can be adopted  to Hall D’s special requirements and conditions . 
Work to do: First steps
1.To look for  the relevant dipole magnet and make his trajectories precise  calculations for detectors layout arrangement using magnet field topography. The full simulations of  pair production  process for 9GeV photons in selected PS layout to see its  performance: resolutions and efficiencies.

2.To select the counters structure: scintillator type, light guides, PMT’s..
3. To design the  mechanical structures of PS detectors : hodoscopes and counters, located   at the  movable supports on the rails for the precise adjustments with relevant references and measurement means, holders of PMT  with magnetic shielding inside. 
4. To select the quality  checks of the components and  start their design and prototyping. Preparation of the test benches for certification of hodoscopes and counters after assembly. 
We are able to  do these works
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