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Outlook

As presented in talks by A. Sytov and G. Paterno,
crystal-based positron sources offer promising
potential for future colliders.

Here, we will see the test beam results on crystal
radiators which serve as a crucial benchmark for
simulation code validation.

oriented crystal amorpnous
photon radiator target-converter
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Crystal radiators
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Material: Tungsten (W) Material: Tungsten (W) Material: Iridium (Ir)
channelling Axis: <100> channelling Axis: <111> (most efficient) channelling Axis: <110> (most efficient)
0., = 0.5 mrad O, = 0.6 mrad O, = 0.6
Thickness: 2.25 mm (0.64 X0) Thickness: 1.5-2 mm (0.43 - 0.57 X0) Thickness: 1-2 mm (0.34 - 0.68 X0)
(research center manufactured crystal) (industrially manufactured crystals) (industrially manufactured crystals)
Tested at DESY T21 beamline with 5.6 GeV/c Tested at CERN PS T9 beamline with 6 GeV/c
electrons electrons
2/20
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Crystal radiators
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EXPERIMENTAL
SETUP




T h e S Et U p {@ CERN setup configuration1

Electron beams at 6 GeV/¢

Si microstrip layers copper + plastic scintillators (APC)
input tracker Photon multiplicity counter

crystal
- on goniometer
e e
Electromagnetic
calorimeter

bending
magnet

Provided by INFN Milano Bicocca team - Erik Vallazza & Michela Prest
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The setup (55 ok seup conirtn |

Electron beams at 5.6 GeV/¢

copper + plastic scintillators (APC)
Photon multiplicity counter

Si microstrip layers Si microstrip layers
input tracker output tracker

crystal
- on goniometer
e e

Provided by INFN Milano Bicocca team - Erik Vallazza & Michela Prest

Electromagnetic
calorimeter

bending
magnet
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The setup

05/11/2024

.

Si microstrip layers
input tracker

Input stage
Reconstruct track and
impinging angle on the

crystal

2" FCC France & Italy workshop

Nicola Canale

[ CERN )

. configuration |

(

DESY
configuration

J
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The setup

05/11/2024

Si microstrip layers
input tracker
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Crystal reconstruced position
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The setup - input stage

Input tracker

~ 2X2 cm? xy double-sided Si microstrip sensors, - ST CE A
with an overall ~10 pm single-hit resolution. ~ crystal

on goniometer

~ 9.5%9.5 em? xy double-sided Si microstrip sensors,
with an overall ~40 pm single-hit resolution.

' eradle

Goniometer from LNL & UNIPD

Fine-grained, remote-controlled movements along
X,y, 6, and 6, with ~5 pm, Tprad resolution.

E?%E‘éiﬁ |

. horiznntalhig 111
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T h es Et u p - {confi(;i?al:ltion } ( confi[;ltzjfa\l(tion )

crystal
on goniometer

Material: Tungsten (2.25 mm) Material: Tungsten (1.5-2 mm) Material: Iridium (1-2 mm)
channelling Axis: <100> channelling Axis: <111> channelling Axis: <110>
Axial potential: 1 keV Axial potential: 1 keV Axial potential: 1 keV

0. = 0.5 mrad- il 0. = 0.6 mrad e 0. = 0.6 mrad

05/11/2024 2" FCC France & Italy workshop Nicola Canale 7120




The setup - output tracker (%) ocov seup contuto |

4 D

Si microstrip layers
output tracker

output tracker
As multilpicity counter to align the
crystal
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The setup - magnet contoon | (Lcontmuion

bending
magnet

Magnet
Select only the photons
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The SEtUp - OUtPUt Stage {confi(;imion} conf%i?:tion)

s

copper + plastic scintillators (APC)
Photon multiplicity counter

\_ J

APC + Cu converter
Photon mutiplicity counter
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The setup - output stage

05/11/2024

2" FCC France & Italy workshop
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([ CERN )

DESY

. configuration | configuration)

Electromagnetic
calorimeter

o

J

Radiated energy loss

calorimeter signal
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The setup - output stage

.
An Active Photon Converter (APC) based on
plastic scintillators and thin layers of copper
(0.2X,) for photo conversion

J
Calorimeters consists in 4 )
e 3X3 matrix of blocks, PMT-based readout Pb glass

calorimeter

« (OPAL) Lead glass blocks read out by PMTs

Active Photon - |
Converter (APC)
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TESTBEAM
RESULTS




DESY T21 line

Electron beams at 5.6 GeV/c

W of 2.25 mm (0.64 X0) aligned along <100> axis. (research center manufactured crystal)
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Rad i atEd en ergy I OSS ( DESY setup configuration)

Calorimeter Signal — Energy loss of ‘
W 2.25mm (~0.65X,) <001> g

0.6 — axial, simulated
—— random, simulated
Q51— + axial
t 4+ random (28 mrad)
04 Clear difference in energy loss distribution.
> In axial orientation : peaks above 2.5 GeV,
2 03 In amorphous orientation it vanishes as typical for
2l Bremsstrahlung
=02
0.1
0.0 1
0 1 2 3 4 5 6
Energy loss [GeV] Bandiera et al. [4]
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Active Photon Converter (APC) (532 oest sewpconfiuration

Active Photon Converter (Photon multiplicity counter) %
axial to amorphous signal of W 2.25mm (~0.65X,) <001>
E - A B I B B B L B
Eo |
g% ~= simulated Clear enhancement of photon
o -+== single-MIP peak ‘ 1 |1 production in axial orientation
L= = expenmental 1 case
85 | _Hﬂ .
o 1E :
o - ¢ },:.‘_i-.!_l_s —
I I R P N TP M T
0 2 4 6 8 10 12 14 16

energy deposit in APC-DC, Egep [MeV]
Bandiera et al. [4]
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CERN PS

Electron beams at 6 GeV/c

Wof1.5-2 mm (043 -0.57 XO) aligned anng <17171> axis. (industrial manufactured crystals)
Irof 1-2mm (034 - 0.68 XO) aIigned anng <110> axis. (industrial manufactured crystals)

05/11/2024 2" FCC France & Italy workshop Nicola Canale 16/20



Radiated energy loss

For both the W and Ir aligned along the <117> axes and the <110> axes, respectively, the radiative energy loss
distribution peaks above 3.5 GeV, while for amorphous orientation it vanishes as typical for Bremsstrahlung

Calorimeter Signal
W1.5mm <111>

0.25
0.20 =

0.15 =

(1/GeV)

dN
NdE

0.10 =

0.05 =

amorphous -- 38mrad, average: 2.57 GeV

— axial, average: 3.06 GeV

T T T T
6

Energy deposited in calorimeter (GeV)
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0.35=

0.30

0.25 =

0.20 4

0.10 =

0.05 =

{@ CERN setup configura‘tion1

Calorimeter Signal
W2mm <111>

amorphous -- 70 mrad, average: 2.52 GeV
— axial, average: 3.41 GeV

il

2 3 4 5
Energy deposited in calorimeter (GeV)

6
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Radiated energy loss

For both the W and Ir aligned along the <117> axes and the <110> axes, respectively, the radiative energy loss
distribution peaks above 3.5 GeV, while for amorphous orientation it vanishes as typical for Bremsstrahlung

Calorimeter Signal
Ir Tmm <110>

0.30 =

0.25 =

0.20 =

(1/GeV)

0.15 =

daN
NdE

0.10 =

0.05+
amorphous -- 40 mrad, average: 2.82 GeV

—— axial, average: 3.22 GeV

Energy deposited in calorimeter (GeV)

Nicola Canale
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0.30 =
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0.20 =

(1/GeV)

0.15 =

dN
NdE

0.10 =

0.05 =

{@ CERN setup configura‘tion1

Calorimeter Signal
Ir2 mm<110>

amorphous -- 14.4 mrad, average: 2.92 GeV

— axial, average: 3.26 GeV

i

2 3 4 5
Energy deposited in calorimeter (GeV)

6
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Radiated energy IOSS = TranSition {@ CERN se’[upconfiguration1

For both the W and Ir aligned along the <117> axes and the <110> axes, respectively, the radiative energy loss
distribution peaks above 3.5 GeV, while for amorphous orientation it vanishes as typical for Bremsstrahlung ‘

Calorimeter Signal Calorimeter Signal Calorimeter Signal
W1.5mm<111> W2mm<111> Ir Tmm <110>
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0.30
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@ oasd © 020 8
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— — —

— — ~ 0154
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0.10+4

0.10 —

0.10 o
——— amorphous -- 70 mrad, average: 2.52 GeV

—— axial, average: 3.41 GeV
wos] — 6 mrad, average: 3.05 GeV \ 0.054
\\ —— 10 mrad, average: 2.78 GeV

—— 22 mrad, average: 2.62 GeV \

T T T T T T T T T T 0.00 -
6

Energy deposited in calorimeter (GeV)

amorphous -- 40 mrad, average: 2.82 GeV
axial, average: 3.22 GeV
3.5 mrad, average: 3.06 GeV
7.5 mrad, average: 3.03 GeV
15 mrad, average: 2.73 GeV

- amorphous -- 38mrad, average: 2.57 GeV
—— axial, average: 3.06 GeV

0054 —— 4 mrad, average: 3.00 GeV

—— 8 mrad, average: 2.77 GeV

—— 16 mrad, average: 2.72 GeV

LT

T T T T T
6

Energy deposited in calorimeter (GeV)

1

Energy deposited in calorimeter (GeV)
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Radiated energy Ioss = TranSItlon {@ CERN setupconfiguration}

\
Calorimeter Signal Calorimeter Signal Calorimeter Signal
W1.5mm<111> W2mm<111> Ir Tmm <110>
0.35 =
0.25 - 0.30 5
0.30
0.25=
0.20 +
0.25=
- — — 0.20
> > >
v 0.15+ Q o020+ ()
e Q &
— — —
= = S oasd
38 3[Soas- 52
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—— axial, average: 3.06 GeV —— axial, average: 3.41 GeV —— axial, average: 3.22 GeV
0054 —— 4 mrad, average: 3.00 GeV cosdl=—— 6 mrad, average: 3.05 GeV OO5H | — 3.5 mrad, average: 3.06 GeV
—— 8 mrad, average: 2.77 GeV —— 10 mrad, average: 2.78 GeV 7.5 mrad, average: 3.03 GeV
—— 16 mrad, average: 2.72 GeV —— 22 mrad, average: 2.62 GeV 15 mrad, average: 2.73 GeV

T T T T T T T T T T 0.00 4
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2 3 4 5 2 3 4 5
Energy deposited in calorimeter (GeV) Energy deposited in calorimeter (GeV)

T T T T T
6

2 3 4 5
Energy deposited in calorimeter (GeV)
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‘@;A CERN setup configuration

APC Signal %

. amorphous -- 70 mrad
Integral 0.99
00005 ( me.an 1236.51 ADC
—1 ?nxtleagljral 1.00
e Clear enhancement of the energy
ki deposited in the second scintillator,
= thus more photon production in axial
'u orientation case
0.0000 [

1 T T T T T T
0 1000 2000 3000 4000 5000 6000

APC2 signal [ADC]
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SIMULATION COD
VALIDATION




Our simulation code WORKS ! (550 oesv seupcontgaon

Calorimeter Signal — Energy loss of The results from beam tests conducted at DESY
W 2.25mm (~0.65X0) <001> apd CERN I?S agrees with the Monte Carlo
simulation:
0.61 — axial, simulated « The whole setup was simulated using the
P Lol Geant4 toolkit with the new
Uz b W G4ChannelingFastSim library
L A. Sytovet al. [5 - 6]
S L  The output file encompassing all secondary y
2 and e particles considers the interactions
=5 within the entire experimental setup.
2l . Bandiera et al. [4]

2 3 4
Energy loss [GeV] Bandiera et al. [4]
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Our simulation code WORKS ! @) cer seup contguation

Calorimeter Signal - Energy loss of The results from beam tests conducted at DESY
and CERN PS agrees with the Monte Carlo
- _ simulation:
Ui - B o « The whole setup was simulated using the
0s0b @ = b hecl 8 Geant4 toolkit with the new
Tr ‘ G4ChannelingFastSim library
S 0250 A. Sytovetal. [5 - 6]
o « The output file encompassing all secondary y
= 0.20f and e particles considers the interactions
2 within the entire experimental setup.
2015k Bandiera et al. [4]
= L
~ 0.10+
0.05
S g TR RN TV (SR VT WAV N ST SR ST S N S S S S

| 3 4
Energy loss [GeV]
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Our simulation code WORKS ! @) cer seup contguation

Calorimeter Signal - Energy loss of The results from beam tests conducted at DESY
and CERN PS agrees with the Monte Carlo
simulation:

035 B o « The whole setup was simulated using the
0s0b @ = b hecl 8 Geant4 toolkit with the new
Tr ’ G4ChannelingFastSim library
S 025k A. Sytovetal. [5 - 6]
o « The output file encompassing all secondary y
= 0.20f and e particles considers the interactions
2 within the entire experimental setup.
2015k Bandiera et al. [4]
= L
~ 0.10+
i Once the simulation environment was validated
0051 against experimental findings, efforts were
o directed towards optimizing the FCC-ee positron
B T D T — source scheme.
Energy loss [GeV] Parameters chosen for the FCC-ee positron

source optimization via Geant4
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Our simulation code WORKS !

1/N x dN/dE (1/GeV)
o o o o
— — N N
o u o ¥

O
o
v

0.00 f

Calorimeter Signal — Energy loss of
W 2mm (~0.57X,) <111>

- Geant4, axial
—— Geant4, random
measure, axial
& measure, random

{@ CERN setup configuration}

The results from beam tests conducted at DESY

and CERN PS agrees with the Monte Carlo

simulation:

» The whole setup was simulated using the
Geant4 toolkit with the new

G4ChannelingFastSim library
A. Sytovetal. [5 - 6]

« The output file encompassing all secondary y
and e? particles considers the interactions

within the entire experimental setup.
Bandiera et al. [4]

Once the simulation environment was validated
against experimental findings, efforts were
directed towards optimizing the FCC-ee positron
source scheme.

Parameters chosen for the FCC-ee positron
source optimization via Geant4
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FUTURE
PERSPECTIVE




Future Perspective

» Comparison with simulations: e Future test at CERN PS
« W1.5mm « New energy baseline (e 2.86GeV/c )
o Ir » Single crystal
» Optimization of the hybrid source
for 2.86 GeV/c
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Future Perspective

« Comparison with simulations: * Future test at CERN PS
« W1.5mm  New energy baseline (e 2.86GeV/c)
o Ir « Single crystal
» Optimization of the hybrid source
for 2.86 GeV/c
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CRYSTAL
CHARACTERIZAT




Research center crystals quality check

70 prad
ESRF
65 prad
W 2.25mm
(~0.65X,)
<001>
60 prad
55 prad
50 prad

Imaging of the sample mosaicity measured at
BMOS5 beamline of ESRF.

Color indicates the mosaicity of the sample

Characterization of mosaicity of the lattice performed
at ESR Syncrothron (Grenoble, France)
(20 keV X rays)

Mosaicity < 60 prad.

largest mosacity are still below 150 prad near
the scraches

DDDEI
Rmmans
In crystallography, the mosaicityis a

measure of the spread of crystal
plane orientations



Industrial crystals quality check

Characterization of superficial mosaicity of the lattice performed
with High Resolution XRD at laboratories of Ferrara (@ 8.04 keV)

Ir <110> 1 mm
vertical
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600 610 620
Angle (mrad)

5000

4000

3000

Ir <110> 2 mm
vertical

590.0 592.5 595.0 597.5 600.0 602.5
Angle (mrad)

600

W <111> 1.5 mm (1)
horizontal

980 990 1000 1010
Angle (mrad)

W <111> 2 mm
vertical

000000

000000

000000
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Industrial crystals quality check

Characterization of superficial mosaicity of the lattice performed
with High Resolution XRD at laboratories of Ferrara (@ 8.04 keV)

FWHM of industrial crystal is wider than the critical angle,
the coherent effects are still available?

W <111> 2 mm

Ir <110> 1 mm Ir <110> 2 mm W <111> 1.5 mm (1)
vertical vertical horizontal vertical
000000
oooooo
oooooo
00000000
=2 2 2 o 21
2 4000 & 4000 2 2
g B i) 3
£ 3000 £ 3000 < <
ooooo
590.0 592.5 595.0 597.5 600.0 602.5 980 990 1000 1010 994 996 998
Angle (mrad) Angle (mrad) Angle (mrad)

600 610 62!
Angle (mrad)



Intensity

Summary of HRXRD test for CERN samples

Ir <110> 2 mm Ir <110> 2 mm Ir <110> 1 mm Ir <110> 1 mm

CE?W
\

NS

W <111> 2.5 mm
vertical

Intensity

12000

10000

8000

6000

4000

2000

horizontal vertical horizontal vertical
8000 8000 8000
7000 7000 10000 7000
6000 5900 6000
8000
5000
5000
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C 4000 C 4000 &a 6000 2 4000
9] 9] ) o
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W <111> 1.5 mm (1) W <111> 1.5 mm (1) W <111> 2 mm W <111> 2 mm W <111> 2.5 mm
horizontal vertical horizontal vertical horizontal
17500
3000
1000 25000 T 2500
2500
800 20000 12500 2000
2000
> > > >
10000
600 = & 15000 T G 1500
< 1500 = c =
9 9 9 7500 9
400 £ £ 10000 & £ 1000
1000 5000
200 5000 500
500 2500
0 0 0 0 0
960 970 980 990 1000 1010 1020 1030 976 978 980 982 984 1017 1018 1019 1020 1021 1022 992 994 996 998 1000 995.0 997.5 1000.0 1002.5 1005.0 1007.5 1010.0

Angle (mrad) Angle (mrad) Angle (mrad) Angle (mrad) Angle (mrad)

997.0 997.5 998.0 998.5 999.0 999.5 1000.0
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copper + plastic scintillators (APC)
Photon multiplicity counter

Si microstrip layers Si microstrip layers
input tracker output tracker

Thesetup & UFh

~  Electromagnetic
calorimeter

bending
magnet

Bxin axial 8yin axial divergence axial
5000 :
100000 A A
40000 - 1Y =)
n
| \ = 0

50000 20000 - -
D

0 4 - : 0 ; -5000 -

-5000 0 5000 -5000 0 5000 -5000 0 5000

O [urad]

Hit position on Chamber I,y reconstructed at crystal entrance

weighted by Calo signal
' 9, = arctan(Ax/dlz)
input tracker

~2 X 2 or 9.5 X 9.5 cm? xy double-
sided Si microstrip sensors, with an
overall ~10 pm single-hit resolution
self-triggering on strip to select the
proper area




Si microstrip layers
input tracker output tracker

The setup '8 &N

Si microstrip layers
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Coherent effects for crystal-based positron sources
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Coherent effects for crystal-based positron sources
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We can use to optimize the positron source of FCC-ee
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