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Project Overview

Future high energy e+e− linear colliders require high intensity positron beams with low emit-
tances and a high degree of longitudinal polarization. Low emittance is essential to attain
high luminosity, while the beam polarization expands the physics capabilities of the machine.

How to produce polarized electrons is well understood. It is known that we can get longi-
tudinal polarization that is as high as 75-80% for electrons produced by photo-emission in a
semiconductor photocathode. However, although the polarization of positron beams is very
useful, the technical progress to produce intense polarized positron sources has been rather
slow, and significant R&D is needed.

A few methods to produce polarized positrons are being considered by the linear collider (LC)
community. For example:

• to use β decay of naturally existing radioactive isotopes or short-lived isotopes produced
by an accelerator.

• to use e+e− pairs created by converting circularly polarized γ rays. The main concept
is to produce circularly polarized photons, followed by the collection of longitudinally
polarized positrons produce in a target that acts a converter. The circularly polarized
γ’s come from one of these sources:
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– Helical undulator radiation by unpolarized electron beams [1].
– Compton scattering of circularly polarized laser-light off a high-energy electron

beam [2].
– Bremsstrahlung of longitudinally polarized electrons in high-Z amorphous targets [3].

Each of these three concepts have their own problems connected with their cost and/or
technical complexity.

We propose to investigate and develop a simple alternative method which is also cost effective.
It is based on a two-target scheme:

• Target#1: uses an aligned single crystal diamond as a radiator (e− → e−γ) for a polar-
ized electron beam to make the polarized photon source instead of using an amorphous
target. We will exploit the enhancement of photon radiation via the mechanism of
Coherent Bremsstrahlung (CB). In addition, photons produced by the interaction of
longitudinally polarized electrons with a crystalline targets are circularly polarized due
to conservation of angular momentum [4], just like radiation in an amorphous material.

We will perform detailed Monte-Carlo (MC) simulations of the photon production by the
CB of an electron beam in a diamond crystal. MC simulations will provide the optimum
crystal thickness, crystal orientation and expected photon yield and circular polariza-
tion. All these studies will take into account the multiple scattering of the electrons
inside the crystal, beam divergence and photon emission angle.

In addition, we will investigate the effect of radiation damage on the degradation of CB.
A significant energy will be deposited in the crystal when high energy electron beam
passes through the crystal. This can leads to crystal stress, heating and damage. This
could be the main problem for using the diamond crystal as a photon source. Synthetic
diamonds look promising, but needs to be checked [5].

• Target#2: produce polarized positrons from the conversion of circularly polarized pho-
tons in a high Z material.

We plan to carry out the calculations for the positron yield and polarization for several
high and low Z materials, such as W,W-Re, Ti etc. after taking into account the char-
acteristics of the photon beam produced above.

We need to take into account the depolarization of the positrons in the photon converter.

Broader Impact

In the past, we have already worked with, both undergraduate and prospective graduate,
students on the NA59 physics simulations. These students enjoyed their work and partici-
pated in our research for a significant amount of time. An example is Mengkai Shieh, now
in medical school at Stanford. He was interested in using the knowladge that he was getting
from us to make imaging devices for medical purposes. The NA59 collaboration studies the
coherent interactions of high energy electrons and photons in an oriented single crystal, which
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are the basis for the positron production scheme that we want to investigate next. Therefore,
we plan to hire undergraduate students to participate in this project again.

Results of Prior Research

We have carried out preliminary MC simulations where we compare the photon yield from
electrons radiating from a 1 cm thick single crystal diamond and 0.2 mm thick tungsten. The
simulations were done assuming that the initial electron energy is 10 GeV.

The photon yield for the chosen crystal orientation is shown in Fig. 1 along with the expec-
tation from the chosen amorphous material.

Figure 1: Number of photons per incident electron.

For the chosen parameters, 90% of the photons are from the first generation of radiated pho-
tons in the energy range between 6.5 -7.5 GeV. This was the condition used to select the
target thickness because only the first radiated photon ‘remembers’ the electron polarization.
However, the electron can radiate several photons as it passed through the target leading to a
decrease in polarization of the incident electron beam. The thickness of the photon converter
was chosen in the same manner. We chose a 0.3 mm amorphous Tungsten as photon converter.

With this configuration we have 0.007γ/e− from Tungsten radiator and 0.03γ/e− from single
crystal Diamond. As shown, the crystal scheme provides ∼ 3 times larger photon yield than
amorphous configuration with the same beam parameters. This leads to increase of positron
yield. In addition, the emittance of the photon beam is 6 times smaller in the useful energy
range. For example, photon emission angles for amorphous Tungsten is ∼ 50µrad, while for
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aligned diamond is ∼ 8µrad in the photon peak.

In the Fig. 2, we show the expected circular polarization of photons produced by the CB
of longitudinally polarized electrons in aligned diamond crystal (LEFT), and the degree of
polarization for the positrons produced from pair production in the Tungsten target (RIGHT).

Figure 2: Circular polarization of photons and Longitudinal polarization of positrons

The expected polarization of the positron beam in the energy range 6 GeV -7.5 GeV is about
45 %, as show by our preliminary MC simulations.

All the results require detailed calculations taking into account the influence of the all pro-
cesses arising in the targets when charged particles traverse them, and details of the beam.

Preliminary results were presented at the ICAR meeting in Argonne May 2004, see
http://www.capp.iit.edu/ icar/ANLWorkshop5-04/Workshop-agendaMay04.html,
and Fermilab Accelerator Physics and Technology Seminars, October 2004, see
http://www-bd.fnal.gov/ADSeminars/references.html#Armen.

This research was funded by a grant from the state of Illinois to do accelerator development,
ICAR.

Facilities, Equipment and Other Resources

The work will use the computer resources of the high energy group at Northwestern Uni-
versity.
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FY2005 Project Activities and Deliverables

Year Period Activity
2005 May-July Prepare MC simulation codes for the photon beam production.

Production and formation of the circularly polarized photon beam.
July-October Preparing detailed MC code for polarized positron production.

Formation and capture in accelerator of the positron beam.
Write up and Publication

FY2006 Project Activities and Deliverables

N/A

FY2007 Project Activities and Deliverables

N/A

Budget justification: Institution 1

We are requesting financial support for a six months period for the successful fulfillment of
the planned studies of the project. The financial support will cover the salary of the post-doc
researcher who will work on the project.

Three-year budget, in then-year K$

$32,209

Institution: Institution 1

Item FY2005 FY2006 FY2007 Total
Other Professionals 23,484 0 0 23,484
Graduate Students 0 0 0 0

Undergraduate Students 0 0 0 0
Total Salaries and Wages 23,484 0 0 23,484

Fringe Benefits 5,253 0 0 5,253
Total Salaries, Wages and Fringe Benefits 28,737 0 0 28,737

Equipment 0 0 0 0
Travel 0 0 0 0

Materials and Supplies 0 0 0 0
Other direct costs 0 0 0 0

Institution 2 subcontract 0 0 0 0
Total direct costs 28,737 0 0 28,737
Indirect costs(1) 7,472 0 0 7,472

Total direct and indirect costs 36,209 0 0 36,209
(1) Includes 25% of first $28,737 subcontract costs
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