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Introduction
• There is a strong need for intense e+ sources polarized or not with low
emittance to fulfil the requirements of future e+e- linear colliders. !
• The qualities of the e+ sources are depending on the incident e- beam and
the target-converter (photon characteristics). !
• The main concern for the e+ source is not only the yield but also the target
energy deposition and the associated PEDD (Peak Energy Deposition
Density) => important for the target reliability. !
• Recent investigations led to the concept of a hybrid source where the
crystal-radiator and the amorphous-converter are separated by some
distance allowing to the charged particles to be swept off => the deposited
power and PEDD are strongly reduced. !
• The replacement of the compact amorphous-converter by a granular one
made of small spheres seems very promising for the deposited power
dissipation.
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e+ source using channeling
• For targets of the same thickness (1.4 mm)
there is an enhancement of the soft
photons production in the crystal
compared to the amorphous.!
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• Such effect is mainly due to channeling.!
• The vertical scale is E.dN/dE. As
bremsstrahlung
spectrum has a 1/E
behaviour it exhibits an almost constant
dependence.!
• The soft photons create the soft positrons
=> easier capture by matching devices.!
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Nγcrystal/Nγamorph ~ 4!
for Eγ < 50 MeV

e+ source using channeling
Hybrid source is proposed by R. Chehab V. Strakhovenko and A. Variola
Distance (crystal-amorphous) d = 2 m
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Yield: ~8 e+/e-
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3.72 ⨯ 109 e-/bunch!
e+
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Crystal thickness: 1.4 mm !

amorphous

Amorphous thickness: 10 mm

Oriented along the <111> axis

This kind of source has been already profoundly studied and adopted by the CLIC (many
publications available) => extensive simulations performed at LAL and CERN.!
Yield: 8 e+/e- (total) => ~ 1 e+/e- @ 200 MeV => CLIC requirements are fulfilled!!!
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Hybrid e+ source (granular converter)
A granular converter made of small spheres is placed instead of the usual
e
compact converter.
e-
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Granular target-converter

Granular target can provide better heat dissipation associated with the ratio
Surface/Volume of the spheres and the better resistance to the shocks.
P. Pugnat, and P. Sievers, Journal of Physics G: Nuclear and Particle Physics 29.8 (2003): 1797.

• The spheres are made of Tungsten material.!
• Spheres R ~ a few mm.!
•The spheres are arranged in staggered layers with alternation of the layers
having even and odd number of spheres => more compact packaging.
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Hybrid e+ source (granular converter)
Simulation of the hybrid source with the granular converter is performed in
Geatn4 (H. Guler).
Simulations are carried out under the following
conditions:!
• Incident electron energy on the crystal is 5 GeV
with the beam size of 2.5 mm rms.!
• Granular W converter sphere radii are 1.1 mm.!
• Distance crystal-converter is 2 m.

• The entrance face (for the photon beam) has an even number of spheres
10x10 spheres and the exit face has 9x9 spheres => a central sphere lies at
the converter exit (maximum heating).!
• From the energy deposited in the last central sphere we could derive the
maximum energy deposition density (PEDD).
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Simulation results (Spectrum and Yield)

Ne+crystal/Ne+amorph ~ 4!
for 5 MeV< Ee+ < 25 MeV

The positron spectrum for the granular target made of 6 layers and the yield
integrated per layer are presented.
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Simulation results (Energy Deposited)

Deposited energy for the granular
target in the central sphere, per
layer and integrated on the number
of layers are presented.
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Simulation results (PEDD)
High inhomogeneous energy deposition => Peak Energy Deposition Density
(PEDD) => mechanical stresses => target failure!!!
☞ Experiments

at SLAC and further studies at LANL, LLNL => 35 J/g for W
should not be exceeded. PEDD can be used to determine temperature
distribution and stresses in the converter.

• To calculate the PEDD =>
energy deposited in the
last central sphere.!

• Up to the thickness ~1 cm
the energy deposited
density calculated with
the spheres of 1.1 mm
radius represents a rather
good approximation for
the PEDD (the elementary
volume issue).
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Simulation results

• The lateral energy deposited density distribution in the sphere layer has
been calculated.!
• The energy deposited density is calculated on adjacent spheres at the exit of
the converter (maximum deposited energy density).
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Scheme for the CLIC
The simulation results for a hybrid positron source with a granular converter with 6 layers
show: !
• Total positron yield of about ~8 e+/e- !
• Deposited energy of ~200 MeV/e-!
• Maximum Energy deposition density (PEDD) of about 0.6 GeV/cm^3/e-
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Test foreseen at the KEKB linac
• Beam test will be done at the KEKB injector linac to
study the granular converter (nearest future).!
• KEKB beam for the test: E = 8 GeV, 1 mm rms, 1nC, 50 Hz.!
• Goals: e+ yield and temperature measurements.

Granular targets for the experiment:
• 4 granular targets have been built at LAL-Orsay
with the spheres of 1.1 mm radius.!
• The entrance and exit windows (grids with 1.8 mm
holes) are in Al. !
• This mounting allows the positioning of the
thermocouples on the exit face of the converter.!
• Up to 20 thermocouples will be put on the exit faces
(on the adjacent spheres) to measure the
temperature rise (energy deposition distribution).
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Summary and Conclusions
• Choosing a hybrid e+ source using channeling already meets the
requirements of the CLIC. !
• Replacing the compact converter with a granular one made of small
spheres improves the heat dissipation, decreases the PEDD and
provides better resistance to the shocks.!
• The use of a thin crystal radiator associated with a granular
converter provides significant increase in both photon production
and positron generation!
• The relative density of a granular target with respect to a compact
one is about 0.75 => its geometrical thickness is slightly larger
compared to a compact one giving the same yield.!
• The experimental activities foreseen are very important for the
hybrid targets studies in general and for the CLIC in particular.
14

Perspectives
• Further optimisation and simulation studies on the
granular converter.!
• Simulation of the temperature distribution of the W
spheres.!
• Evaluation of the granular converter thermal shocks. !
• Experimental studies during the beam test at
KEKB Linac.
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