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Trilateral EU-US-Japan collaboration (EU) 
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Trilateral EU-US-Japan collaboration (US) 
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Trilateral EU-US-Japan collaboration (J) 
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Technology, Technology,  
         and more Technology 
 
Will hear more from the WP co-leaders 

Gravitational  
wave physics 

Astroparticle 
&  

Astrophysics 

Particle physics 
at accelerators 

NEWS: NEw WindowS on the universe and technological  
advancements from trilateral EU-US-Japan collaboration 
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TWO GROUND-BREAKING DISCOVERIES

A NEW ERA IN THE OBSERVATION OF THE 

UNIVERSE

 

GW150914 

GW170817 

Two merging  
neutron stars  

 

Two merging  
black holes 
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Ground-based interferometric detectors 

4 km 

4 km 

600 m 4 & 2 km (LCGT) 3 km 

Advanced 

Advanced Advanced 

3 km 
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1989: there was a long-term vision 
there… 
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1989 2007: LSC-Virgo MoU 

EPS Gravitation, Rome, Feb 
20th, 2019 G Losurdo - INFN Pisa  10 

IMPROVING EVENT 
SIGNIFICANCE AND 
LOCALIZATION, 
SKY AND TIME 
COVERAGE 

2007: LSC-VIRGO MoU for a “SINGLE MACHINE” 
A MAJOR STEP TOWARDS GW ASTRONOMY 
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Advantages:  

Improve event reconstruction 

Increase detection probability  

Increase significance of each  
detected event  

Increase sky coverage  

Network of ground-based detectors 
 

LIGO 

LIGO 

LIGO 

LIGO+VIRGO 

LIGO+VIRGO 

LIGO 
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The Multi-Messenger network 
 

Combine GW and light 
emission as a unique 
probe to astrophysics 
sources and fundamental  
Physics 
Virgo and Fermi crucial for 
the development of the  
Multi-Messenger approach 

12 
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https://www.gw-openscience.org/about/ 

13 
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KAGRA, 2.5 Generation detector 
and beyond 
 Underground, cryogenics (2.5G) 

 
First steps towards 3G (ET) 

14 
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The Fermi Large Area Telescope (Fermi-LAT)  

15 



S. Donati –  NEWS MidTerm Review  

LAT Highlights   
Largest silicon Tracker operating in space (mostly 
Italian contribution)  

93m2 active surface, 900k channels, ~300 watt  

3D imaging calorimeter 

1536 CsI crystal logs in hodoscopic configuration 

Efficient, hermetic Anticoincidence Detector 

Flexible onboard software trigger 

LAT Calibration through beam tests and simulations 

16 
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Launch: June 13th 2008  

17 
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•  Deep, high resolution, new view of the gamma-ray sky 

–  sources and diffuse emission 

•  Cosmic rays origin and acceleration 

–  unexpectedly energetic galactic electrons 

–  evidence of proton acceleration in supernovae 

–  Fermi bubbles 

•  Birth of Multimessenger astrophysicsGravitational Waves (GW) 

–  with Gravitational Waves: first detection of electromagnetic emission after binary  
neutron star mergers 

–  with Neutrinos: first association of extreme energy neutrino with gamma-ray flaring 
galaxy 

•  Dark Matter 

–  most stringent limits on generic particle candidate (WIMP) 

Science Highlights 

18 
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Confirmations and Revolutions 

19 

•  Catalogs of gamma-ray sources - Fermi science bulk 

–  now > 5000 steady sources, ~20x previously known 

–  and specific catalogs 

•  Supernovae, Pulsar, Extended, Active Galactic Nuclei, Low/High Energy, 
transient sources, GRB, solar flares, Terrestrial Gamma-ray Flashes 

•  New source classes 

–  Galactic Novae, Star-forming galaxies,  Globular clusters, High-mass binaries, 

•  Surprises form the sky 

–  Fermi bubbles, Galactic Center GeV excess, behind the limb solar flares, Crab 
flares, variables pulsars,  

•  Significant missing detection of gamma-rays 

–  WIMP annihilation 

–  galaxy clusters  

–  asteroid belt 
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IXPE is a NASA SMEX mission: 
–  Selected January 2017 
–  Italian contribution due December 2019 
–  Launch April 2021 

No margin for schedule delays  
Italian Contribution supported  
by ASI, INAF, INFN 

IXPE Mission Overview 
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GPD Detector Overview 

Detector breakout 

Event Reconstruction 



22 S. Donati –  NEWS MidTerm Review  

Quarks, Neutrinos, and Charged Leptons 
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Fermilab Muon Campus experiments 

Mu2e 

g-2 

•  Fermilab Muon Campus: 
§  Two new experimental halls and the associated beamlines 
§  Will produce world’s highest intensity muon beams 
§  First beam delivered in 2017 (Muon g-2)  
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Charged Lepton Flavour Violation  
•  CLFV forbidden in the Standard Model of particle 

physics 
•  µ conversion in the extended-SM introduced by         

ν masses and mixing at a negligible level ~10-52 

 

•  Many SM extensions enhance the rate through mixing in 
the high energy sector of the theory (other particles in 
the loop) 
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Mu2e: search for µ+Al → e+Al 
  
 

 
Experimental technique: 
•  Produce high intensity µ beam 
•  Stop µ in Al target 
•  Trap µ in orbit around Al nucleus 

Nuclear capture ∼ 61% 
(used as normalization factor) 

Decay In Orbit ∼ 39% 
(Dominant background) 

Conversion < 10-12 
(Signal) 
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Mu2e experimental setup 
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Mu2e signal event (simulation) 

Tracker Calorimeter Stopping Target 

Particles with trk hits within +/-40 ns of signal electron 

signal e- 
DIO e- 

straws with hits 

Signal electron, with all the other “stuff” occurring simultaneously  
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Mu2e Collaboration 
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FNAL Muon (g-2) experiment 

Comparison of the measurement to the calculaton  
Of aµ = (gµ – 2)/2 allows for precise test of SM 

BNL g-2 experiment (E821) 
found a 3σ discrepancy 
 
FNAL g-2 experiment (E989) 
will reduce uncertainty by a 
factor of 4 

If the aµ value is confirmed, the new g-2 results has 
the potential to confirm discrepancy and claim discovery 
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Muon (g-2) experimental technique 
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Journey of the storage ring: from BNL 
to FNAL  



32 S. Donati –  NEWS MidTerm Review  

How ωa is measured  

Injected polarised muons decay: µ+ → e+ + νe + νµ   

High energy e+ emitted preferentially with momentum 
direction strongly correlated with µ+ spin (parity violation) 
 
Wiggle plot: count the number of  
e+ with E>Ethr as a function of t 
 
The goal: 
Publish analysis results in 2019 
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Muon (g-2) Collaboration 
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Superconductors for particle accelerators 

Produc'on	Solenoid	
Detector	Solenoid	

Transport	Solenoid	

Produc'on	Target	
Tracker	

Calorimeter	

Proton	Beam	

4.6	T	
2.5	T	

2	T	

1	T	

1	T	

The	TS	module	
design	was	
validated	through		
prototype	module	
development	in	
the	framework	of	a	
collabora'on	
FNAL-INFN.	

34 

Mu2e	TS	solenoid:	52	superconduc'ng	coils	integrated	into	27	modules	cons'tu'ng	
the	TS	serpen'ne.	
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Superconductors for particle detectors 

35 

Single photonTES detector working principle Single photonTES detector working principle 
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Microwave Antenna Coupled Bolometer 

36 
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Continuous Transfer of Knowledge 

37 
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Outreach towards general public 

38 
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WP # WP Name Lead 
Beneficiary 

Co-Leader 

1 Ethics requirements INFN S. Donati (INFN) 

2 Gravitational Wave Physics INFN M.Razzano (Unipi), E.Majorana (INFN), N. 
Robertson (Caltech) 

3 Gravitational Wave Detectors UNIPG H.Vocca (Unipg), E. Calloni (Unina) 

4 Fermi-LAT data analysis INFN S.Cutini (INFN), M.Pesce-Rollins (INFN), S.Digel 
(Stanford) 

5 X-Ray Polarimetry  UNIPI L.Baldini (Unipi), L. Latronico (INFN), B.Ramsey 
(Marshall) 

6 FNAL Muon Campus Experiments INFN I. Sarra (INFN), V.Giusti (Unipi),S. Di Falco (INFN) 

7 Supercondctors for accelerators POLIMI S.Franz (Polimi), S. Farinon (INFN), E.Barzi (FNAL) 

8 Superconductors for detectors UNIGE F.Gattti (Unige), M.DeGerone (INFN), E.Barzi 
(FNAL) 

9 Dissemination and Outreach UNIPG F.Cottone (Unipg), C.Oppedisano (INFN). C.Luongo 
(INFN) 

10 Transfer of Knowledge UNINA R.DeRosa (Unina), E.Pedreschi (INFN). R.Sia 
(Clever) 

11 Management INFN S.Giovannella (INFN), M.Punturo (INFN), S.Donati 
(INFN) 

Scientific Board Chair:  Luca Latronico INFN 
S. Donati –  NEWS MB & SB kick-off meeting   

NEWS implementation 
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MidTerm Review Agenda 
Monday, March 4, 2019 
 
S. Donati, “Introduction” 
M. Razzano, WP2 “Gravitational Wave Physics” 
E. Calloni, WP3 “Gravitational Wave Detectors” 
M. Pesce-Rollins, WP4 “Fermi-LAT Data Analysis” 
 
Coffee Break 
 
L. Baldini, WP5 “X-ray Polarimetry” 
S. Di Falco, WP6 “FNAL Muon Campus Experiments” 
E. Barzi, WP7 “Superconductors for Particle Accelerators” 
 
Lunch 
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MidTerm Review Agenda 
F. Gatti, WP8 “Superconductors for Particle Detectors” 
C. Oppedisano, WP9 “Outreach and Dissemination” 
G. Bellettini (on behalf of C. Luongo) 
        “The Italian Summer Students Program at FNAL 
                      and other US Laboratories” 
Tea Break 
 
R. Sia, WP10 “Transfer of Knowledge (I)” 
E. Pedreschi, WP10 “Transfer of Knowledge (II)” 
S. Donati, WP11 “Management” 
 
Report from Seconded Researchers 
 
Social Dinner 


