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INFN Ferrara in a Snapshot 

•  Founded in the 1980s 
•  25 employees, 85 associates. 
•  Technical and technological services: 

–  Mechanics Workshop and Design 
–  Electronics 
–  Computing 

•  Administrative Services 



Research Activity 

•  Activity organized in the 5 traditional research lines of  INFN (HEP, 
Astroparticle/Neutrino, Nuclear Physics, Theory, Technology/
Interdisciplinary) 

•  Sinergy with Physics Department 
•  Experiments at the INFN National Labs (LNF, LNL, LNGS) and 

overseas (CERN, SLAC, GSI, FZJ, JLAB). 
•  Characterizing activities: 

Experimental:  
–  Nucleon Structure 
–  CP Violation (K, B) 
–  Precision measurements/Fundamental Physics 
Theory: 
–  Neutrinos. Astroparticle. 
–  Standard Model Physics. 
–  Computational Physics and LQCD. 



High-Energy Physics 

BaBar 
SuperB 
LHCb 
NA62 
UA9 



PEP-II at SLAC 
9GeV (e-) × 3.1GeV (e+) 
peak luminosity: 
        1.2×1034cm-2s-1

 Babar 



BaBar Activities in Ferrara 

•  Detector 
–  Mechanics of microvertex detector 
–  New High-voltage system of old (RPC based) muon detector 
–  New muon detector (LST based) 

•  Physics 
–  Vub 
–  Quarkonium Spectroscopy and search for new states 



N. Neri, IFAE2010 



High-Luminosity  
(L=1036cm-2s-1) 
flavor factory 



SuperB Physics 



SuperB in Ferrara 
•  Muon detector in the Instrumented Flux Return using scintillating 

fibers as active detector 
•  Full Simulation 
•  Distributed Monte Carlo Production 



The LHCb experiment
•  Study b-hadron decays with high statistics and precision to improve 

the knowledge of the Standard Model and search for indirect effects of 
New Physics  
–  complementary to direct search experiments ATLAS/CMS

•  Advantages of beauty physics at hadron colliders: 
–  bb cross section at LHC:  σbb ~ 300 - 500 µb at √s =10 - 14 TeV 

•   (e+e- cross section at Υ(4s) is 1 nb)
–  Access to all quasi-stable b-flavoured hadrons 

•  The challenge 
–  Multiplicity of tracks (~30 tracks per rapidity unit) 
–  Rate of background events: σinel ~60 mb

•  LHCb “nominal” running conditions: 
–  Luminosity  limited to ~2x1032 cm-2 s-1 by not focusing the beam as much 

as ATLAS and CMS  
•  ~ 0.4 pp interaction/bunch to maximize the probability of single interaction 
•  ==> LHCb will reach nominal luminosity soon after start-up  

–  2fb-1 per nominal year (107s), ~ 1012  bb pairs produced per year



The LHCb physics goals
•  Selected key measurements: 

–  Search for Bs→µµ 
–  Mixing-induced CP violation  in Bs→J/Ψφ , Bs→φφ 
–  Charmless 2-body B decays
–  CKM angle γ from tree-level B decays
–  Bs→γφ  and other radiative B decays
–  Asymmetries in Bd→ K*ll decays

•  Roadmap document:  
–  LHCb-PUB-2009-029, arXiv:0912.4179v2 [hep-ex], Feb 2010
–  Main assumptions: 

•  Nominal LHC running conditions: √s = 14 TeV, 2fb-1/year σbb ~ 500 µb 

•  2010-2011 run at 7 TeV:
–  no dramatic effect on physics reach (a factor 1/2 foreseen in σbb and σcc) 
–   Design luminosity for LHCb: 2x1032 cm-2 s-1 on average expected to be reached 

in 2011 
–  lower luminosities in 2010 allow for lower trigger thresholds 

•  Charm physics possible in the first data





Activities in Ferrara
•  2010 finalized the spatial alignment of the muon detector 

using Cosmics & Collision data.
–  Recovered a displacement of 3.5mm in one half station not in 

agreement with  the survey measurement
–  Precision O(1mm)

•  Study of the muon chamber efficiency with Cosmics and 
Collision data
–  sumbitted a paper on the performances of the muon detector

•  Contribution to the RoadMap document for the analysis of 
phis measurement (Bs-->Jpsiphi, B-->HH)
–  4 LHCb public notes

•  Work in collaboration with Milano to measure the bb cross 
section in ”B”-->XD*±µν (D0-->Kπ/D0-->K3π) (D*->πD0 )
–  ICHEP2010



Charmed mesons



Charmed mesons
•  ICHEP (2010): production cross section of  “prompt” D0, 

D*, D±, Ds in pT,η bins  O(1000) evnts. Precision~10-20%



J/Ψ ( --> µµ) production
•  ICHEP(2010): production cross 

section of  “prompt” and “from B” 
Jpsi in pT,η bins  

•  prompt J/Ψ very interesting in its 
own right:

–  colour-octet model predicts well 
cross sections seen at Tevatron, 
but not polarisation 

•  make fist measurement of b--> J/Ψ 
production: 

–  important for initial tuning of b 
spectrum in LHCb Monte Carlo



NA62 



• Gigatracker development: high-resolution pixel 
detector for high intensity. 

• design and realization of R/O electronics. 

•  design and test of the mechanical support. 

• performance evaluation of a PC-based 0-level 
trigger system.  

NA62 -  FE 2011 

Activity 



NA62 SILICON PIXEL DETECTOR 

VESSEL COOLING DESIGN 
20 Vittore Carassiti - INFN FE CERN , 27/01/2009 



UA9
UA9 is a CERN experiment studying the possibility to collimate the 
beam halo in the SPS using coherent interactions with bent crystals. 

Out of four crystals, two have been developed by INFN-FE 



LHC Collimator

Amorfo 
Dechanneling 

Collimatore LHC 

Fascio primario 

TAL 

Using a collimator at LHC allows the measurement of the 
channeling efficiency, which turns out to be bigger than 74 % 



Activities in Ferrara

• Develop Crystals with bendings and sizes 
optimized for LHC 

• Optimize holders to avoid torsions in crystals 

• Crystal with focusing lens 

• Data taking at the SPS 



Astroparticle and Neutrinos 

Borex 
PVLAS 



Borex - Ferrara’s group activities 

2010 

•  The team contributed to the analysis of the first geo-neutrinos data from 
Borexino: in particular the activity was focused on the expected signals from 
geo-neutrinos and antineutrinos from the reactors [Physics Letters B687 (2010) 
299–304]. 

•  The team published the preliminary results for the geo-neutrinos from 214Bi 
decay [Physical Review C81, 034602 (2010)] and it started a new set of 
measurements in CTF. 

•  The team is involved in the organization of 4th Neutrino Geoscience at LNGS 
(6-8 October 2010). 

2011 

•  The team is going to study the local contribution to the geo-neutrino signal at 
LNGS: the results will be crucial for interpreting of the next geo-neutrinos data. 

•  By using the new data about 214Bi and 212Bi decays collected in CTF, the team 
is going to perform a new analysis of geo-neutrinos spectra. 



•  Predict a total of 20.7 
events in 24 months 
(R=14.0 ; G=6.3 ; Bk=0.4) 
•  The HER can be used to 
test the experiment 
sensitivity to reactors 
•  In the LER one expects 
comparable number of geo-ν 
and reactor-ν
•  Observe 21 events in 24 
months, attributed to 
R=10.7 -3.4 +4.3  
G= 9.9 -3.4 +4.1 

BK=0.4  
•  One event per month 
experiment! 

LER HER 

Borexino: expectations 
and results 



The significance of the observation 

•  Geo-ν = 0 is excluded 
with CL of 99.997 C.L. 
(corresponding to 4σ) 

•  The Best Fit is: 

-  within 1σ from the 
BSE (Bulk Silicate 
Earth) prediction; 

-  close to the fully 
radiogenic model; 

-  some 2σ from the 
minimal radiogenic 
model 



PVLAS!

   Described by Euler-
Heisenberg lagrangian. !

   1.45% correction!

   Hadronic 
Contributions. Open 
problem in muon g-2!

   Contributions from 
new particles coupling 
to two photons.!

∆nQED = 3AeB2 = 4·10-24B2 T-2!



Measurement Technique!
Apparatus: precision ellipsometer to measure the 
ellipIcity acquired by a LASER beam traversing a 
magneIc field 

‐  Op$cal resonant cavity for signal amplificaIon 
‐  Heterodyne technique for high sensiIvity 
‐  High $me‐ varying magne$c feld for heterodyne 



Present status      Development of a test setup in Ferrara 
‐  compact realizaIon of the ellipsometer 
‐ maximum insulaIon from seismic and environmental noise 
‐ usage of permanent magnets 
‐ usage of orientable pairs of rotaIng magnets for diagnosIcs 

Future: full experiment to be built and carried out in Ferrara  



Spazio parametrico da colmare!

• ∆n = 3AeB2 !

  Con i parametri attuali 
sull’apparato di test 
portati sul nuovo 
apparato si colmano 
quasi 3 ordini di 
grandezza in Ae!



Nuclear and Hadron Physics 

PANDA 
PAX 

JLAB12 
Olympus 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PANDA Detector 

Detector Requirements 

• (Nearly) 4π solid angle coverage  
  (parIal wave analysis) 

• High‐rate capability    
  (2×107 annihilaIons/s) 

• Good PID (γ, e, µ, π, K, p) 
• Momentum resoluIon (≈ 1 %) 

• Vertex reconstrucIon for D, K0s, Λ 
• Efficient trigger 
• Modular design 

• Pointlike interacIon region 
• Lepton idenIficaIon 
• Excellent calorimetry 

• Energy resoluIon 
• SensiIvity to low‐energy  

  photons 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PANDA Physics Program 
•  QCD BOUND STATES 

–  CHARMONIUM 
–  GLUONIC EXCITATIONS 
–  HEAVY-LIGHT SYSTEMS  
–  STRANGE AND CHARMED 

BARYONS 
•  NON PERTURBATIVE QCD 

DYNAMICS 
•  HADRONS IN THE NUCLEAR 

MEDIUM 
•  NUCLEON STRUCTURE 

–  GENERALIZED 
DISTRIBUTION AMPLITUDES 
(GDA) 

–  DRELL-YAN 
–  ELECTROMAGNETIC FORM 

FACTORS  
•  ELECTROWEAK PHYSICS 

ArXiV:0903.3905 
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Polarized Antiproton eXperiments 

Cerenkov 

Fixed target experiment  (√s<2 GeV): 
   pol./unpol. pbar beam (p<4 GeV/c) 
   internal H polarized target  

Proton  EFFs 

pbar-p elastic 

Nucleon structure: polarized reactions 

Asymmetric collider  (√s=15 GeV):  
  polarized antiprotons in HESR (p=15 GeV/c) 
  polarized protons in CSR (p=3.5 GeV/c) 

Parton distribution: transversity 

Drell-Yan 

Charmonium 

  SSA 











Theory 









New Physics beyond the Standard Model ... 
•  ... of Particle Physics ... 

•  ... and of Cosmology 





Computational Physics 

•  Numerical methods and algorithms for theoretical physics: 
–  Improved Monte Carlo methods for hard systems 
–  Statistical physics of spin-glass 
–  Matching algorithms to new computer achitectures 

•  Physics of turbulent fluids 
–  Statistical properties of convective turbulence 

•  Aurora Science 
–  development of a computing system optimized for LQCD using 

commercial processors connected to APE. Development of a 20 
Tflop prototype to prove the feasibility of the project.  





Quark Matter 

•  Chiral quark model with vector mesons: 
–  as a model for hadron structure 
–  to describe hot dense matter 

•  Implications for astrophysics 
–  structure of a rapidly rotating compact star 
–  supernova explosion and Gamma Ray Bursts 

limiIng rotaIon frequencies 
for a compact star in an LMXB 



Technology and 
Interdisciplinary 

Beats 
Coherent 

Francium 



Beats-2 

14.5 m 1.5m 
11º 

10.0 m 5.4 m 

quadrupoles 
dipoles 

Diagnostic 1-6 Undulator 
modules 

Photoinjector solenoid 
RF sections 

RF deflector 
collimator 

25º 

25º 

InvesIgate possible applicaIons of monochromaIc X rays produced through  
inverse Compton sca(ering to 
•  Medicine (mammography, angiography) 
•  Archeometry, strategic materials, study of ultrafast processes 



In Ferrara: assembly and characterization of the imaging Thomson 
line at 20 KeV for applications to mammography. 

Camera di scattering 

fascio X 

Fascio e- 
deflesso 

(hν)X=4 (hν)laser ( T/ 0.511)2   

fascio laser 

(hν)laser = 1.2 eV 
T =  30.28 MeV  
(hν)X =  20 keV mammografia 

Impulso laser:  6 ps, 5 J 
pacchetto e- :   1 nC , l: 2 mm (rms) 
Impulso X:       10 ps, 109 fotoni per interazione 
α emissione:    12 mrad 



COHERENT
COHERENT is the continuation of the research 
acitivities started in the NTA-HCCC project. 

Goals of this experiment: 

• Study the possibility to manipulate high-energy particle 
beams by means of coherent beam-crystal interactions 
(channeling and volume reflection in axial and planar 
modes). 

• Study of the radiation emitted in the beam-crystal 
interaction. 



Multistrip and Holder

5 mm 

Construction of multistrip and holders capable 
to feature high levels of alignment. 

V. Carassiti et al. 
RSI 81 (2010) 066106 



Beam Test of Multistrips

Multistrip:  
-14 aligned strips 
-angular acceptance: 
~100 µrad 
-Deflection angle:  
~130 µrad 
-Efficiency: 97 % 

Crystal installed 
 at the Tevatron 



Francium        Ferrara, Legnaro, Pisa, Siena 
  Trapping of radioactive atoms at LNL 

target

MOT



Long term goal of the research field 
  Atomic parity violation (APV) experiments test weak force at low 

momentum transfers: electron-nucleon interaction parameterized by 
weak charge. 

Atomic parity violation is complementary to parity-violating electron 
scattering (PVES) in determining the effective weak couplings of the quarks, to 
put constraints on New Physics 

(cesium
) 



•  No stable isotopes, but scarcity 
compensated by accumulation in 
Magneto-Optical Trap 

Francium is the best candidates for APV measurements 

•  Heaviest alkali metal: large nucleus 
and simple atomic structure 

•  Several isotopes with relatively long 
lifetimes (~minutes) to reduce systematics 

•  Enhancement of APV (~Z3) effects 

• Francium produced via fusion-evaporation reactions 
(O beam on Au target), released as ions, guided to 
MOT and neutralized by Yttrium foil 



Francium trapping at LNL 



Goals of the experiment 
  Maximization of trapping efficiency and number of 

trapped francium atoms in a magneto-optical trap. 
  Ability to excite and detect weak transitions (i.e. 

quadrupole transitions 7S-6D) 
  Ability to excite and detect the forbidden transition 

7S-8S,  measurement of scalar and 
 vector polarizabilities, fundamental 
 to extract APV contribution  

  Development of experimental  
 techniques for precise transition  
 frequency measurements.  



Thank you ! 


