Study and optimization of a hybrid crystal-based positron
source for the FCC-ee

Istituto Nazionale di Fisica Nucleare

‘bandiera@fe.infn.it *“iryna.chaikovska@ijclab.in2p3.fr

* %k %

speaker

I N FN L Bandiera®",N. Canale?, | Chaikovska?*", F Alharthi?, L Bomben3, S. Carsi3, G. Cavoto4, R. Chehab?,
D. De Salvadors, V. Guidi?, V Haurylavets, G. Lezzani3, S. Mangiacavalli3, P. Monti-Guarnieris,

V. Mytrochenko?, R. Negrello* ', M Romagnoni?, V Mascagnas, A Mazzolarit, G. Paterno?, M Prests,

A. Selmi3, F. Sgarbossas, M Soldani?, A Sytov?, V Tikhomirov, E Vallazza3
1INFN Sezione di Ferrara, 2 CNRS |JCLab Orsay, 3 INFN Sezione di Milano Bicocca, 4 INFN Sezione di Roma, 5 INFN Sezione di Legnaro

Positron sources are the key elements for the future and current e-e* collider projects, introducing challenging critical requirements for high intensity and low emittance beams in order to
achieve high luminosity. The conventional way to realize a e+ source consists in using a target with high atomic number Z hit by a high energy primary electron beam. Photons are produced
by Bremsstrahlung within the target and are then converted in e-e* pairs. A severe heat load and a high density of energy deposited in the target represent a crucial constraint for the
intensity achievable with this technology. A possible way to overcome such limitations will be presented, exploiting the intense channeling radiation in oriented crystals to achieve a high
rate of e-e* pairs, while strongly decreasing the energy deposited and the peak deposition density in the target. An e+ source using channeling is conceived as a compound or hybrid target
with two elements: a thin crystal with the function of radiator followed downstream by a thicker amorphous target acting as converter of photons into e-e* pairs.
A realistic proposal for a crystal-based intense e* source recently proposed in the e'BOOST project will be outlined, together with the prospect's applications at Future Colliders.

Hybrid crystal based positron source for electron-positron colliders
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ADVANTAGES of a HYBRID SOURCE

— Enhancement of photon generation in
crystals In
enhancement of pair production in the

channeling

conditions =

converter target

— High rate of soft photons = creation of
soft e+ easily captured in matching systems

— total energy deposit shared between the
two stages = overall lower energy density

— very low energy_deposit and PEDD in

radiator = very low heating and thermo-

mechanical stress

Test of crystal radiator and Monte Carlo
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Enhancement of energy deposited in the photon
multiplicity counter in case of axial orientation of the
crystal related to the random orientation ->_increase in the
number of emitted photons!
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Electron beam energy: 6 GeV
Crystal: W <111>, 2 mm long

DESY TB and CERN PS beam tests results agree with

Monte Carlo simulation:

- Crystal radiator simulated with the CRYSTALRAD
code [4];

- Output file including all the secondary y and et
compatible with the Geant4 toolkit and used to
simulate the further interaction with the
completeexperimental setup [3]

After the validation of the simulation environment with

experimental data, we proceeded with the optimization

of the FCC-ee hybrid scheme Parameters chosen for the

FCC-ee hybrid source optimization via Geant4 !
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Enhancement of radiative energy loss by the
electron collected by the BGO calorimeter in
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orientation
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FCC-ee hybrid source optimization via Geant4
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Intense positron source Based On
Oriented crySTals - e+BOOST
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conventional
Scheme conv. hybrid (amorphous)
Lerys [mm] = - collimator
D [m] - | 06 1 2
L [mm] 17.6 11.6 magnet
Collimator?| no no nNo yes no no yes 1o
Magnet? no no nNo no yes no  no | yes
Eqp [GeV/e ] 146 134 132 [1.13]1.32 1.27 [L11 ] 1.27
3PE]2D 383 128 84 82 84 41 [3.8 39 |= PEDD is strongly
[MeV/ (mm® - e7)] decreased!
Out. ef/e- 137 [151 151]13.6 [15 149 |13.7 [149 ], . oroduction a bit
+ .
Out. €™ beam —s=——— 15 19 19 15 15 15 higher!
Slzf [mm] = Similar beamsize (a
Out. €™ beam o091 o0 ) 19587977 289 292 [256 |27.1 bt  higher)  and
le-+[mI'ad] divergence!
Out. €™ mean = o oo 456 474 459 46.1 47.7 46.3
energy [MeV]
Out. n/e- 037 031 031 027 029 029 026 0.3
Out. v/e- 209 310 308 270 307 301 268 301
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