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        3 year thesis student


                    Main activities:  

physics studies  on hh in FCC-hh (hh→WWbb)

measurement of the ZH production cross section at FCC-ee


Workshop organisation:  

                     FCC workshop Rome (2016)

                          CepC workshop EU-edition Roma Tre (2018)


Conference talks:      

           Future circular collider studies IFAE - 2017


      Il programma di fisica di FCC-ee - 2019

      Higgs measurements at the FCC-ee - EPS 2019


Write-ups:      FCC:  Physics Opportunities: EPJC 79 pg. 474

                        FCC-ee: The Lepton Collider: EPJC 228 pg. 261


               FCC-hh: The hadron collider (FCC-hh) (sub. to Eur. Phys. J. ST)

               HE-LHC: The High-Energy LHC (sub. to Eur. Phys. J. St.)

               CEPC CDR Vol II: Physics and Detector



RDFA commitments

RDFA had the commitment to contribute to the submission of inputs for the 
european strategy update, this has been done with the submission of inputs for:


• a circular e+e- collider of 100 km to be done at CERN working at the Z pole 
mass, and at the WW, ZH, and t-tbar threshold:


• a circular pp collider of 100 km to be done at CERN working at the energy of 
100 TeV using 16 T NbSn dipole magnets;


• an option to replace all LHC magnets in the current LHC tunnel using 16 T 
NbSN technology to reach an energy of 27 TeV (High Energy LHC) 

• an option to plug inside the LHC tunnel a muon collider working at 14 TeV or its 
high energy version of 27 TeV


• a CepC option (the chinese 100 km collider) working at the Z, ZH and WW 
thresholds




Evolution of CERN approach

CERN was not much in favour of an e+e- circular collider at the beginning


main concerns:


•    it would not be a machine targeting for a discovery, prefer to have a pp option 
on a longer timescale that could span an higher energy range 

• budget: it could not fit in the CERN flat budget considering the financial 
investment on HL-LHC


FCC-hh had the same budget concerns from CERN, but it was also a more far 
project and with a richer physics outcome, therefore the HE-LHC option was tried.


• physics study output: HE-LHC has strong limitation for the Higgs self-coupling 
and new physics measurement (self-coupling 10%-20%;


• the cost to replace all LHC magnets is not small, and it takes time to remove and 
re-insert;


• doesn’t look that industrialization of NbSn magnets by 2035 is feasible


CERN director has then set as target of ES a decision between a 100 km circular 
and a linear e+ e- collider as decision that needs to come out from the ES



RDFA change

given the new indication from CERN management RD-FA is going to change 
functioning


Focus on the following WPs


1 - Physics & Simulation (e+e-)
2 - MDI (Machine - Detector - Interface)
3 - Silicon detectors
5 - Drift Chamber
6 - Dual Readout calorimetry
7 - MPGD - Micro Pattern Gas Detector
8 - Muon Collider (include phys&Sim per mu+mu-)

8. will be probably decoupled from RDFA later in 2019, people interested should join now RDFA;

     there is some interest in physics studies and muon production but the situation is still evolving


At the moment we have 0.6 FTE on RDFA for 2020, all in WP1


Item 5, 6 and 7 are developed in the framework of the IDEA detector, proposed for FCC-ee and CepC and 
present in their CDR



B. Di Micco Higgs measurements at FCC-ee EPS-2019, Ghent, Belgium

double ring e+e- collider ~100 km
follows footprint of FCC-hh, except 

around IPs
asymmetric IR layout & optics to 

limit synchrotron radiation 
towards the detector 

presently 2 IPs (alternative layouts 
with 3 or 4 IPs are under study), 
large horizontal crossing angle 
30 mrad, crab-waist optics 

synchrotron radiation power 50 
MW/beam at all beam energies

top-up injection scheme; requires  
booster synchrotron in collider tunnel

K. Oide et al.
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Detectors under study

FCC-ee: The Lepton Collider 505

Yoke

HCAL

ECAL

Coil

Fig. 7.4. The CLD concept detector: end view cut through (left), longitudinal cross section
of the top right quadrant (right).

Fig. 7.5. Sketch of FCC-ee detector CLD inside the experiment cavern (left side of cavern,
in green, yellow and red), along with a subsequent, larger FCC-hh detector (right side of
cavern, in blue, yellow and orange).

layers and disks. For the outer tracker barrel support, these studies were completed
by building and testing a prototype. The same concepts and material thicknesses are
currently used for CLD. The additional material needed for the 200µm thick layer
of silicon including the extra support structures, cables and cooling infrastructure
has been estimated. The total material amounts to about 11%(20%)X0 in the barrel
(forward) region.

Full simulation studies have been carried out in order to assess the performance
of the CLD tracker. The single-point resolutions for each sub-detector element were
assumed to be 3⇥ 3 µm2 for the vertex detector, 5⇥ 5 µm2 for the inner-most disk
of the inner tracker, and 7 ⇥ 90 µm2 for the other layers of the inner tracker and

CLD

• conceptually extended from the CLIC detector design 
• full silicon tracker 
• 2T magnetic field 
• high granular silicon-tungsten ECAL 
• high granular scintillator-steel HCAL 
• instrumented steel-yoke with RPC for muon detection

FCC-ee: The Lepton Collider 509
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Fig. 7.9. Schematic layout of the IDEA detector.

7.4.2 IDEA drift chamber

The drift chamber (DCH) is designed to provide good tracking, high-precision
momentum measurement and excellent particle identification by cluster counting.
The main peculiarity of this chamber is its high transparency, in terms of radiation
lengths, obtained as a result of the novel approach adopted for the wiring and assem-
bly procedures [490]. The total amount of material in the radial direction towards
the barrel calorimeter is of the order of 1.6% X0, whereas, in the forward direction,
it is about 5.0% X0, 75% of which are in the end plates instrumented with the front-
end electronics. The original ancestor of the DCH design is the drift chamber of
the KLOE experiment [491], which was more recently developed as the MEG2 [492]
drift chamber.

The DCH is a unique-volume, high-granularity, all-stereo, low-mass, cylindrical,
short-drift, wire chamber, co-axial with the 2 T solenoid field. It extends from an
inner radius Rin = 0.35 m to an outer radius Rout = 2m, for a length L = 4m
and consists of 112 co-axial layers, at alternating-sign stereo angles, arranged in 24
identical azimuthal sectors. The approximately-square cell size varies between 12.0
and 14.5 mm for a total of 56 448 drift cells. The challenges potentially arising from a
large number of wires are addressed by the peculiar design of the wiring, which was
successfully employed for the recent construction of the MEG2 drift chamber [493].
The chamber is operated with a very light gas mixture, 90%He – 10% iC4H10 (isobu-
tane), corresponding to a maximum drift of ⇠400 ns. The number of ionisation clus-
ters generated by a minimum ionising particle (m.i.p.) is about 12.5 cm�1, allowing
cluster counting/timing techniques to be employed to improve both spatial reso-
lution (�x < 100 µm) and particle identification (�(dNcl/dx)/(dNcl/dx) ⇡ 2%).
The angular coverage extends down to ⇠13�, and could be further extended with
additional silicon disks between the DCH and the calorimeter end caps.

A drift distance resolution of 100µm has been obtained in a MEG2 drift cham-
ber prototype [494] (7mm cell size), with very similar electrostatic configuration
and gas mixture. A better resolution is expected for the DCH, as a result of the

IDEA

• explicitly designed for FCC-ee/CepC  
• silicon vertex 
• low X0 drift chamber 
• drift-chamber silicon wrapper 
• MPGD/magnet coil/lead preshower 
• dual-readout calorimeter: lead-scintillating/

cerenkhov fibers 
• μRwell for muon detection 
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and 14.5 mm for a total of 56 448 drift cells. The challenges potentially arising from a
large number of wires are addressed by the peculiar design of the wiring, which was
successfully employed for the recent construction of the MEG2 drift chamber [493].
The chamber is operated with a very light gas mixture, 90%He – 10% iC4H10 (isobu-
tane), corresponding to a maximum drift of ⇠400 ns. The number of ionisation clus-
ters generated by a minimum ionising particle (m.i.p.) is about 12.5 cm�1, allowing
cluster counting/timing techniques to be employed to improve both spatial reso-
lution (�x < 100 µm) and particle identification (�(dNcl/dx)/(dNcl/dx) ⇡ 2%).
The angular coverage extends down to ⇠13�, and could be further extended with
additional silicon disks between the DCH and the calorimeter end caps.

A drift distance resolution of 100µm has been obtained in a MEG2 drift cham-
ber prototype [494] (7mm cell size), with very similar electrostatic configuration
and gas mixture. A better resolution is expected for the DCH, as a result of the

IDEA

• explicitly designed for FCC-ee/CepC  
• silicon vertex 
• low X0 drift chamber 
• drift-chamber silicon wrapper 
• MPGD/magnet coil/lead preshower 
• dual-readout calorimeter: lead-scintillating/

cerenkhov fibers 
• μRwell for muon detection 

for the ATLAS Phase-II upgrade,

we have experience in Micromega buildings,

it could be used to start some activity in this 
sector
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IDEA

• explicitly designed for FCC-ee/CepC  
• silicon vertex 
• low X0 drift chamber 
• drift-chamber silicon wrapper 
• MPGD/magnet coil/lead preshower 
• dual-readout calorimeter: lead-scintillating/

cerenkhov fibers 
• μRwell for muon detection 

both the DC and the calorimeter have much in 
common with the KLOE DCH (stereo-wire) and 
calorimeter, they are a good opportunity to 
start an hardware activity with the experience 
we have from KLOE

photo detectors will be Silicon PM, 
it could be another activity we 
could start in collaboration with 
other developments in group 2



Planned activity of RDFA

There was a call for EU funding in the AIDA++ project, it is dedicated to future 
colliders  R&D


Several Express Of Interest are going to be presented as R&D for IDEA

- Calorimetri DR
    3 EoI's:
    1) Meccanica 
    2) Elettronica 
    3) Software 

- Drift Chamber
    2 EoI's:
    1) Meccanica    
    2) Elettronica  

-

 MPGD Detectors
    5 EoI's:
    1) ML for tracking in MPGD    -
    2) Engineering of high rate mRwell -
    3) Electronics for pixellated mRwell 
    4) RPC with high time and spacial resolution 
    5) Neutron gas detectors with imaging 

- Silicon detectors
    4 EoI's:
    1) ARCADIA DMAPS 
    2) DMAPS qualification (Pernagger) 
    3) Passive CMOS -
    4) Cooling of FPGA -

- Software
  1 EoI:
      Machine Learning technique for Particle Flow in jets and Heavy Flavour for Dual Readout calorimeters 

       RM3: M. Biglietti,  B. Di Micco, R. Di Nardo, A. Farilla
       National groups: LNF, Padova, Pavia, Milano, Roma1
       International groups: CERN, Sussex

Planned activity only software (if you want to join let us know) 
needs computational resources with GPU (we have)

needs dedicated manpower

if you are interested 
to join any of these 
please let us know!!


It would be nice to 
start an hardware 
activity in RDFA at 

Roma Tre



Conclusions

• paper work for future colliders done

• next step is a Technical Design Report for CepC, FCC-ee

• need to go from physics-only work to more software and hardware R&D

• hopefully things will grow up in the next years, the outcome of the European Strategy 

will be important

• present requests are limited to request for traveling  (computing resources should be 

enough for the moment)

• if you would like to join any activity or start a new one in RDFA, please just join !!


