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Particle Sources and targets
• Accelerators need specific devices to produce particles
  Sources must be used to produce “beam” of particles
 Can be source of charged or neutral particles
• Particles need to be manipulated with targets 
 Collimators, absorbers, septa,...

• Particles are produced from interaction in matter – i.e. photocathodes
• Strong interplay with condensed matter physics
• Secondary particles sources
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Future Colliders: Future Circular Collider FCC
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International collaboration to study: 
• Stage 1: FCC-ee (Z, W, H, t ̅t) as Higgs factory, electroweak & and top factory 

at highest luminosities
High Luminosity electron-positron collider
Beam energy ranging from 45.6 GeV to 182.5 GeV

• Stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier

• FCC integrated project allows seamless continuation of HEP after HL-LHC

Summary documents CDR: http://fcc-cdr.web.cern.ch/

Infrastructure 100 km: 
16 T dipoles for 50 TeV protons require 100 km circumference

• Collaboration to FCC funded by INFN, strong Italian team contributing to many key areas
• LNF (solely in INFN) in FCCIS EU-H2020 project, Task Leader in MDI design, 2020-24
• R&D project to build a prototype of the FCC-Interaction Region has just started in Frascati

PA: Experiment

PD: experiment

PG: experiment

PJ: experiment

http://fcc-cdr.web.cern.ch/
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FCC estimated timeline

Technical schedule: 
FCC-ee could start 
physics operation in 2040 or earlier

“Realistic” schedule takes into account:
q past experience in building colliders at CERN
q approval timeline: ESPP, Council decision
q that HL-LHC will run until ~ 2041 
à ANY future collider at CERN cannot 

start physics operation before ~ 2045
(but construction will proceed in parallel to 
HL-LHC operation)

1st stage collider, FCC-ee: electron-positron collisions 90-360 GeV
Construction: 2033-2045 à Physics operation: 2048-2063

2nd stage collider, FCC-hh: proton-proton collisions at ≥ 100 TeV
Construction: 2058-2070 à Physics operation: ~ 2070-2095

Care should be taken when comparing to other
proposed facilities, for which in some cases only 
the (optimistic) technical schedule is shown

We are here!
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Activity: collaborations with CERN on  the design of the 
Interaction Region for FCC-ee

View including the rigid support tube, vertex detector and outer trackers

Some Refs:

Mockup Region

zoom at the central region about ±1.2 m

R&D Activity co-funded by INFN & CERN started to build a IR Mockup in Frascati 

M. Boscolo, F. Palla, et al., Mechanical model for the FCC-ee MDI, EPJ+ Techn. and Instr.,  https://doi.org/10.1140/epjti/s40485-023-00103-7
M. Boscolo and A. Ciarma, PRAB 26, 111002 (2023), link
M. Boscolo et al., Status of the IR and MDI of the FCC-ee, IPAC23, 7-12May 2023 https://www.ipac23.org/preproc/pdf/MOPA091.pdf 
M. Boscolo, H. Burkhardt, K. Oide, M.K. Sullivan, EPJ+ (2021)  https://link.springer.com/article/10.1140/epjp/s13360-021-02031-5

FCC-ee Central Interaction Region

https://doi.org/10.1140/epjti/s40485-023-00103-7
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.26.111002
https://www.ipac23.org/preproc/pdf/MOPA091.pdf
https://link.springer.com/article/10.1140/epjp/s13360-021-02031-5
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• The beam optics are asymmetric between upstream/downstream due to crossing angle & suppression of the SR upstream to the IP

IR optics and mechanical design

• Crab waist/vertical chromaticity correction 
sextupoles are located at the dashed lines, they are 
superconducting.

3D view of the FCC-ee IR  until the end of the first 
final focus quadrupole (~5.5 m)



1. The proposed activity for this PhD thesis is to study the FCC-ee machine backgrounds processes, their impact on the 
luminosity and the solutions to control and minimize this effect on detectors.
Goals of the research program include:
• study and optimization of the FCC-ee interaction region including basic constraints from the detector
• study of the shiedings and absorbers for the experimental environment
• Simulations to assess detector backgrounds levels and tolerability
• Particle tracking and beam optic simulation tools (e.g. MAD-X, X-suite), and simulation of background generation processes
• benchmark with existing machines like SuperKEKB (Tsukuba, Japan)
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Contact: Manuela Boscolo
Manuela.boscolo@lnf.infn.it

Activity based at the INFN Frascati National Laboratories, in collaboration with CERN, CERN (CH), SLAC (US), BNL (US), KEK (Japan)

Possible PhD Theses:  Machine-Detector Interface at FCC-ee

mailto:Manuela.boscolo@lnf.infn.it
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1. Measurement and control of the luminosity at FCC-ee
The future circular electron-positron collider at CERN (FCC-ee) aims at unprecedented luminosities obtained with the crab-waist collision 
scheme.
The thesis will deal with the parameters that determine the luminosity, its lifetime and control, as well as the different ways to measure 
it, both at the level of the accelerator as well as for the detectors, where a precision of 100 ppm is needed to be achieved. 
A similar crab-waist scheme has been adopted at the SuperKEKB collider at Tsukuba (Japan), where the candidate is expected to be 
seconded for some short periods to learn "in situ”. The detector luminosity determination will use Bhabha scattering process, in which 
the two emerging leptons will be detector by a calorimeter. The candidate will study the mechanical tolerances and the interaction 
region layout that are needed to achieve the desired precision.

2. Study of the compensating scheme and machine related backgrounds at FCC-ee
The future circular electron-positron collider at CERN (FCC-ee) aims at unprecedented luminosities obtained with the crab-waist collision 
scheme.
Several effects are at the origin of the beam-induced backgrounds at the interaction region, such as the beam-beam effect, the 
radiative Bhabha scattering, beam losses from the collimators, synchrotron radiation and beam-gas interactions. Different machine 
optics  will have different impacts on some of these backgrounds. The student will take confidence on the beam transport simulations 
and evaluate the backgrounds in the machine elements as well as in the detectors of the experiments, such as the vertex detectors or 
the drift chambers, in particular. A similar crab-waist scheme has been adopted at the SuperKEKB collider at Tsukuba (Japan), where the 
candidate is expected to be seconded for some short periods to learn "in situ” the reduction of the beam-related backgrounds in a 
running machine.

Possible PhD Theses:  Machine-Detector Interface at FCC-ee

Contact: Manuela Boscolo
Manuela.boscolo@lnf.infn.it

mailto:Manuela.boscolo@lnf.infn.it
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First FCC-Italy workshop 21-22 March22

link CERN courier Jul/Aug ed.

FCC Accelerator activities: Italian involvement (M.Boscolo)

13-15 Nov. 23 Annual FCCIS Workshop, Rome:
 https://indico.cern.ch/event/1326738/

16-17 Nov. 23: IR & MDI Mockup Workshop, LNF Frascati:
https://agenda.infn.it/event/37720/

FCC – INFN and Italian involvement 

https://agenda.infn.it/event/29752/

LNF organized and hosted the annual FCCIS workshop with 2 important events:

https://cerncourier.com/wp-content/uploads/2022/07/CERNCourier2022JulAug-digitaledition.pdf
https://agenda.infn.it/event/29752/contributions/162577/attachments/89221/120452/FCC_INFN_Mboscolo_21March.pdf
https://indico.cern.ch/event/1326738/
https://agenda.infn.it/event/37720/
https://agenda.infn.it/event/29752/


Conventional

Hybrid scheme

Thin radiator Thick converter

Hybrid crystal-based positron source for the FCC-ee
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q The FCC-ee Compact Design Report of the
injector complex foresees a 6 GeV linac.

q Currently the conventional and hybrid
scheme are under study!

An hybrid source can be advantageous to future 
colliders (FCC-ee, CLIC, ILC or CEPC) as well as for 

current ones (SuperKEK B).

I. Chaikovska et al., JINST 17 (2022) P05015. 

Contact: L. Bandiera - INFN Ferrara 
bandiera@fe.infn.it

mailto:bandiera@fe.infn.it


Conventional

Hybrid scheme

Thin radiator Thick converter
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Main advantages of the hybrid source:
• Enhancement of photon generation in crystals in channeling conditions è enhancement of pair 

production in the converter target!
• High rate of soft photons è creation of soft e+ easily captured in matching systems
• Decrease of the deposited energy and Peak Energy Deposition Density (PEDD) in the converter target!

Idea of R. Chehab, V. Strakhovenko and A. Variola, NIM B 266 (2008) 3868

Collaboration between INFN-Ferrara and 
IJCLab Paris Orsay to develop hybrid crystal-
based positron sources for future colliders. 
Possibilities of spending period at Paris 
Orsay.

Hybrid crystal-based positron source for the FCC-ee



Conventional

Hybrid scheme

Thin radiator Thick converter

CHART project at

Crystal radiator

Test foreseen in the next future
CHART project on the FCCee Injection System:
Collaboration between PSI and CERN with external
partners: CNRS-IJCLab (Orsay), INFN-LNF, INFN-Ferrara,
KEK (Japan)
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Hybrid crystal-based positron source for the FCC-ee
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Intense positron source Based On Oriented
crySTals - e+BOOST  (PI L. Bandiera) 
Financed by Italian Ministry of University and 
Research - PRIN project

Setup at CERN PS extracted lines
Electron energy of 6 GeV

Possible PhD thesis

L. Bandiera et al., EPJC 82, 699 (2022)

Activities: experimental tests on the targets



14Collaboration with IJCLab (leader I. Chaikovska)

energy deposit and PEDD in amorphous 
converter can be reduced by tuning L (while 
keeping the radiator thickness fixed to 
maximise EM enhancement) and D

L

D

M. Soldani et al., NIM A, 
1058, 168828 (2024)E = 6 GeV

σ = 500 μm
σ’ = 100 μrad

Geant4 simulation of the
radiator + converter system

W <111> 2 mm

Activity currently on RD-MUCOL

Possible PhD thesis

Activities: MC with Geant4 for the source optimization
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* R. Ariniello, …, and T. Tajima, Snowmass’2021 AF6: Advanced Acceleration Concepts, arXiv: 2203.07459

T.Tajima, M.Cavenago, Crystal X-ray accelerator, Phys. Rev. Lett., 59(13), 1440 (1987).
 

Acceleration 
gradient: Considerably higher electron 

density in a solid state than 
in a gaseous plasma

Channeling makes crystal
almost transparent both to 

accelerated and to drive beam

Possible drive beam:
X-rays
electrons
heavy high-Z beams

Possible accelerated 
beam:

muons
e+/e-
protons

µ

drive 
beam

Compact muon 
collider?

Plasma wake-field acceleration in nanostructures 
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*Max F. Gilljohann et al (E336 collaboration) 2023 JINST 18 P11008 DOI 10.1088/1748-0221/18/11/P11008

Transverse momentum 

distribution & other 

beam parameters 

X-rays
Gamma-rays

e
–

2 nC, 10 GeV
1-10 µm Structured 

target

To measure:

Observation of 
transverse plasma waves

E336 SLAC FACET-II experimental setup
Contact: L. Bandiera, INFN Ferrara 

bandiera@fe.infn.it

mailto:bandiera@fe.infn.it
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* F. Sarasini et al. Composites Part B 243 (2022) 110136

Thermal decomposition of a gaseous precursor on 
catalytic nanoparticles in a high-vacuum reaction chamber

Future Target: carbon nanotubes

Contact: G. Cavoto, La Sapienza
gianluca.cavoto@uniroma1.it  



Studies on Material for the Muon Collider 
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Contact: Matteo Bauce et al.
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Particle production, Particle interaction, Particle monitoring

• Many and diverse opportunities for PhD projects

• Interplay between condensed matter physics, material science and 

accelerator physics – extremely interesting

• International collaborations with activities mainly at CERN

Contacts in the slides: Manuela Boscolo, Laura Bandiera, Gianluca Cavoto, Matteo Bauce

20/11/2023 Manuela Boscolo 21



Summary List of PhD Thesis proposals
Contact Topic Area of research 

Manuela Boscolo Measurement and control of the luminosity at FCC-ee Future e+e- Colliders FCC

Manuela Boscolo Interaction Region Design of the FCC-ee Future e+e- Colliders FCC

Laura Bandiera Setup at CERN PS extracted lines Electron energy of 6 GeV Future e+e- Colliders FCC

Laura Bandiera Geant4 simulation of the radiator + converter system Future e+e- Colliders FCC

Gianluca Cavoto Carbon nanotubes for plasma wake field acceleration Plasma wakefield acceleration

Matteo Bauce Study of thermal stress for absorber materials in the Muon 
Collider ionisation cooling cells

Proton-based Muon Collider R&D 
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Contacts: 
Manuela.boscolo@lnf.infn.it, 
bandiera@fe.infn.it
gianluca.cavoto@uniroma1.it
matteo.bauce@roma1.infn.it


