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Motivation

    Polarized positron beam:  A tool for nuclear and particle physics at Jefferson Lab. 







Experiment Overview

	Item	Description
	T1	Positrons target
	T2	Annihilation target
	EnS	Energy Slit
	FC1, FC2	Faraday Cups
	Q1,...Q10	Quadrupoles
	D1, D2	Dipoles
	NaI	NaI Detectors
	OTR	Optical Transition Radiation screen
	YAG	Yttrium Aluminium Garnet screen


Production.
Transportation.
Detection and estimation.




Positron Production: Theory

3 ways light interacts with matter: 
Photoelectric effect
Compton scattering
Pair production

 Pair production [1].
 Bremsstrahlung  process.


[1]: http://resources.yesican-science.ca/trek/radiation/final/index.html


Eγ > 1.22 MeV        Pair production.

Electron beam on T1       bremsstrahlung





Positron Production: Accelerator
HRRL as electron beam source.


10 MeV electron on T1.



	Parameter 	Unit	Value
	maximum Energy	MeV	16
	peak current 	mA	100
	repetition rate	Hz	300
	rms energy spread	MeV	2-4
	macro pulse length	ns	>50

HRRL  Parameters.





Positron Production: Simulation
GEANT4 simulation using 100 million 10 MeV electrons. 
1 mm thick tungsten target.
Positrons escape downstream. 
0 to 8 MeV momentum spread, divergence of π rad .


The simulation and image are provided by Dr. Forest.




Positron Transportation

Quadrupole triplet system collects positrons.

First dipole separates positrons and electrons. 

Magnets in beamline can be optimized for transporting electrons. Then we reverse polarity on magnets to have beamline optimized for positrons.






Positron Detection



Positrons  annihilate, produce two 511 keV photons back to back.

2 NaI detectors measure photons.

Rebuilt PMT bases: 
	old base rise time = 400 μs.
	new base rise time = 1 μ s.





Previous Measurement
   Beamline elements for positron production at IAC in 2008.

	Item	Description
	Tungsten foil 	2 mm positron target
	Tantalum foil	6 mm Annihilation target
	Phosphorus flag	1 mil aluminum backing
	HpGe detector	81.3mm Diameter,
55.5mm Length

300 Hz repetition rate, 10 MeV energy. 
Electrons bent towards 2 mm thick tungsten target.
Two quads focus positrons
Dipoles transport 3 MeV positrons.
6 mm thick Ta annihilation target. 


High purity germanium detector.

Previous Measurement


A HpGe and a NaI detector used. 

Spectrum taken over a 600 second.
NaI spectrum can be improved by background subtraction and require a coincidence between two NaI detectors.
The image is provided by Dr. Forest.




Previous Measurement

HpGe: 62 counts over 600 second.





HRRL Emittance Measurement





Background Subtraction.
Quadrupole Scanning Method.




HRRL Emittance Measurement
Emittance Measurement Results.

	Parameter	Unit	Value
	projected emittance  εx	μm	0.37 ± 0.02
	projected emittance  εy	μm	0.30 ± 0.04
	βx	m	1.40 ± 0.06
	βy	m	1.17 ± 0.13
	αx	rad	0.97 ± 0.06
	αy	rad	0.24 ± 0.07
	micro-pulse charge	pC	11
	micro-pulse length	ps	35
	energy of the beam E	MeV	15 ± 1.6
	relative energy spread ΔE/E	%	10.4



The projected emittance of the HRRL was measured to be less than 0.4 μm using the OTR, at an energy of 15 MeV.




Future Work

Triplet before target.
Triplet after target.
 Q7.
 Two NaI detectors and double coincidences.






Rotating tungsten target


8 rotating targets cooled by hub heat sink.




Summary

Goal: Measure the positron production efficiency.

Step 1: Reconfigure HRRL for positron production. (done)

Step 2: Construct a positron detection system using two NaI detectors. (done)

Step 3: Construct high power positron production target.

Step 4:  Experimentally measure positrons at different energies (1-5 MeV).




Thanks for listening !
Questions ?



HRRL Energy Spread:
When  En = 4 MeV:   ΔE = 2 MeV
When  En = 8 MeV:   ΔE = 3 MeV 
When  En = 12 MeV: ΔE = 4 MeV 





Possible use of HRRL positron beam:

More intense positron source for Positron Annihilation Spectroscopy a technique to study defects in the materials.

Experiments on positrons intensity explore possible techniques for increasing currents in positron accelerators (colliders).

Positrons can be accelerated and used as a tool just like electron beam.





Advantages:
below neutron activation threshold
energy spread of positron limited by primary electron energy
compact in size
unique continuous source

Disadvantages:
- lower pair-production cross section
- large divergence of positron beam
- heat load on target
Concept of “low energy” positron source:
10-mA 10-MeV CW electron beam (JLab FEL injector)
 tungsten radiator target
 collection and energy selection with quadrupole triplets
maximize yield in CEBAF admittance 200 π mm mrad (rms, normalized) transverse ± 2% longitudinal


Data Analysis
Positive scan, X-projection
 εx     = 0.417 ± 0.023 μm
 εnx  = 11.43 ± 0.64  μm
 βx    =  1.39 ± 0.07 m
 αx    = 0.97 ± 0.07 rad
Positive scan, Y-projection
 εy    = 0.338 ± 0.065 μm
 εny = 9.30 ± 1.8 μm
 βy   = 1.17 ± 0.19 m
 αy   = 0.22 ± 0.10 rad
Q = 14.7 pC, E = 14 MeV, macro pulse length = 200 ns FWHM pulse













Thickness of the Tungsten target: 2 mm
Electrons: 100 million 
Beam size at Tungsten target: Gaussian,σx,y = 3 mm 
Beam divergence at target: 0
Beam Energy:  10 MeV
Energy Spread: σδ = 4.23%



  [Bremsstrahlung]: http://www.physics.hku.hk/~phys0607/lectures/chap06.html
[Pair production]http://resources.yesican-science.ca/trek/radiation/final/index.html


I propose to measure the positron production efficiency for a positron source that uses a quadrupole triplet system to collect positrons from a tungsten target that are produced when the target is impinged by electrons from the HRRL.
What?



Why ?

A positron beam, as a new probe to explore nuclear and particle physics at Jefferson Lab. It is a complement to electron beam. 

HRRL positron beam line will be production efficiency testing beamline for the Jlab injector.

A  positron beam at ISU is also potential tool for more nuclear physics studies.

More intense positron source for Positron Annihilation Spectroscopy.

Possible tests to increase currents in positron accelerators (colliders).





Future Plan and Improvements

We want to produce positrons using the HRRL beam line. We can improve positron collection efficiency by applying following methods:
By using a quadrupole triplet before tungsten a target, electron beam can be optimized of maximum positron beam current.
Positrons will be collected by the quadrupole triplet system, which will improve collection efficiency.






Future Plan and Improvements

We want to produce positrons using the HRRL beam line. We can improve positron collection efficiency by applying following methods:

3.  By doing coincidence between 2 NaI detectors, we can improve NaI spectrums.





Future Runs

4. Rotating motor system to cryogenically cool 8 tungsten targets which can take more beam current without overheating target.





References:
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