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Amorphous target
usually made of high-Z material (W, Pb,..)
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: Future CircuEr Collider (FCC]
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* Intense gamma-ray source exploiting the strong

crystalline potential of a high-Z material; .
o

= Crystal radiator for intense e* sources in current : ge_

(SuperKEKB, FACET I, etc..) and future

accelerators/colliders, such as the Future Circular
Collider FCCee @CERN):
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charged multiplicity counter

Si microstrip layer
input tracker
crystal

input traCker {f on goniometer
~10X10 cm? xy double-sided Si microstrip sensors,
with an overall ~10 um single-hit resolution

Charged multiplicity counter

Goniometer @LNL &UNIPD
fine-grained, remote-controlled
movements along x, y, 6,and 6,
with ~5 um/urad resolution
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charged multiplicity counter

Si microstrip layers
input tracker
crystal
on goniometer

Beam distributions
(electron/positron beam, 6 GeV)

Rate

« 102-103 particles/spill
« Spill duration 400 ms
* 4-6 spills per minute

—— positrons —— positrons
— electrons - — electrons

4
X pos [cm] y pos [cm]
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charged multiplicity counter

Si microstrip layers

input tracker
crystal

on goniometer

Input angle distributions
(electron/positron beam, 6 GeV)

positrons

Divergence 1.06 mrad
—— electrons
—-—~- Divergence 0.96 mrad

positrons

Divergence 1.61 mrad
—— electrons
——=- Divergence 1.54 mrad

Theta (mrad) Theta (mrad)
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bulk + plastic scintillator
photon multiplicity counter
(from 2019)

Different calorimeters can be exploited:
e 3X3 matrix of PWO blocks from the CMS
endcap, SiPM-based readout Shero e
o 3X3 matrix of BGO blocks, PMT-based readout
« (OPAL) Pb glass blocks read out by PMTs

An Active Photon Converter (APC) based on plastic
scintillators and thin layers of copper for photo
conversion
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Tungsten
(111 axis)
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High Z- atoms

(110 axis)
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Strong axial potential
(10 times Si <110>)

Huge radiation
enhancement in axial
channeling!
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Material:
Channeling Axis: <111> (most efficient)
Axial potential: 1 keV

0.= 0.6 mrad - of the order of beam divergence

Lattice structure: Body Centered Cubic
(BBC, space group #229)
Thickness: 1.5 & 2 mm
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Material:

Channeling Axis: <110> (most efficient)

Axial potential: 1 keV

B.= 0.6 mrad - of the order of beam divergence
Lattice structure: Face Centered Cubic

(FCC, space group # 225)

Thickness: 1 & 2 mm
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Characterization of superficial mosaicity
performed with High Resolution XRD at
Ferrara lab (@8.04 keV)

X-ray diffraction Rocking Curve

Iridium
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W<111>

2 mm
Si microstrip layers charged multiplicity counter bug(h;tp;isrtrllcuitﬁsltlﬂ?tt;rs For the 2 mm Iong W allgned along the
wd counter <110> axes the radiative energy loss

\ tungstep crystal . i i ) ) )
Q onoeme . \ 2 distribution is peaked at ., While for
= = electromagnetic

mgnst x calorimeter the random orientation is close to 0 as
typical for Bremsstrahlung.

N é

! input tracker
y
QZ

X

Calorimeter ' Calorimeter
— W, Random, simulation — W, Axis, simulation
e W, Random, experiment ») e W, Axis, experiment

Eioss (GeV)
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charged multiplicity counter

Si microstrip layers

Ypm HAGKaF \ tungsten crystal
i B on goniometer
i - == § - -
y i
QZ
X

Ecalorimeter (GeV)
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Ir<110>
1 mm

bulk + plastic scintlators For the 1 mm long Ir aligned along the

photon multiplicity . .
counter <110> axes the radiative energy loss
distribution is peaked at , While for

electromagnetic . = .
calorimeter the random orientation is close to 0 as

We also see an

Calorimeter
—— Experiment, random (550239&550255)

Experiment, transition 15 mrad (550256&550267)
—— Experiment, transition 7.5 mrad (550257&550264)

—— Experiment, transition 3.5&3.68 mrad (550258&550259)
— Experiment, crystal (550246&550248&550261&550266)
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typical for Bremsstrahlung.
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W<i11>2 mm Ir<110>1 mm
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a An
which consisted of plastic scintillators placed upstream (for photon veto) and downstream (for electron-positron pair multiplicity measurement)
with respect to a converter layer (0.2-0.4 radiation lengths of copper).

O Increase in the average number of high-energy deposit events
(i.e — more than 2) in case of

U The Single Photon spectrum can be extrapolated via simulation (we expect peak @ 10-100 MeV) -> will be carried out in the next future
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W<i11>
1.5 mm

bulk + plastc scintlators For the 1.5 mm long W aligned along the

charged multiplicity counter photon multiplicity

Si microstrip layers

Egumke, O N r <111> axes the radiative energy loss
Q

9.’“‘ —— , distribution is peaked at , While
o = : electromagnetic

’, B e magnet calorimeter for the random Orientation iS C|Ose tO 0
as typical for Bremsstrahlung.

Electromagnetic radiation in the Lead Glass calorimeter
Electromagnetic radiation in the Lead Glass calorimeter
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Integral 0.95 . "
mean 2.74 \
Integral 0.99 .
mean 3.30
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bulk + plastic scintillators
photon multiplicity
counter

_ . charged multiplicity counter
Si microstrip layers

! input tracker
y
QZ

X

tungsten crystal
on goniometer

bending
W . 3 magnet

Calorimeter Energy (%)

electromagnetic
calorimeter

Ir<110>
2 mm

For the 2 mm long Ir aligned along the
<111> axes the radiative energy loss
distribution is peaked at , While
for the random orientation is close to 0
as typical for Bremsstrahlung.

Electromagnetic radiation in the Lead Glass calorimeter

Random
Integral 0.99
mean 2.87
Axial
Integral 1.00
mean 3.48
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Mean values of Calorimeter Signal (in GeV)

Hybrid crystal-based positron source for FCC

Ir 1 mm Ir 2mm W 1.5 mm W2 mm

Mean values of Calorimeter vs Material and Orientation

Orientation
Random
Axial

33.74% 25.29% 18.62% 24.16%

Material
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Experimental test on radiation emitted by 6 GeV electrons
interacting with W and Ir crystals in axial alignment were carried
out at the external line T9 of CERN PS

[ Different thicknesses were selected: W 1.5 and 2 mm; Ir 1 and 2 mm.

O The surface crystal quality was measured via x-ray diffraction.

O The experimental data can be used to validate MC simulation in Geant4.
 Some of these crystals can be chosen for the upcoming MAMI irradiation test.
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The PS T9 line area from above during the night shift




Small backup
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String of atoms

¥

Single atom

Critical angle for channeling:

2 UO max of the potential well, U(x)

O, =

V pv momentum™*velocity

J. Lindhard, K. Dan. Vidensk. Selsk. Mat. Fys. Medd. 34 (1965) 14.
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Single atom String of atoms
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Channeling Radiation (1976, Kumakhov)

Diamond

. 1 .:‘- e

e'——\ ” ~ i\ N - o 54.5 MeV

Photon energy (keV)
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Calorimeter Ir_1mm
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2 4
Beam Energy (GeV)

Random
Integral 0.97
mean 2.53
Axial
Integral 1.00
mean 3.33

Calorimeter Energy (%)

Calorimeter Ir_2mm

2 3 4
Beam Energy (GeV)

5

Random
Integral 0.99
mean 2.87
Axial
Integral 1.00
mean 3.48
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Calorimeter W_2mm

2 4
Beam Energy (GeV)

Random
Integral 0.98
mean 2.65
Axial
Integral 1.00
mean 3.24

Calorimeter Energy (%)

Calorimeter W_1.5mm

Beam Energy (GeV)

Random
Integral 0.98
mean 2.80
Axial
Integral 0.97
mean 3.02




