
ANTARES… e oltre 
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Maurizio Spurio 
What Next – neutrini+ Raggi Cosmici 
02/12/2014 

What next ??? 



Balistica: conoscenze sperimentali 
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… sviluppi 
teorici 
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Curva Balistica di Tartaglia:  
Delli quesiti et inventioni diverse, 1546 

http://it.wikisource.org/wiki/Quesiti_et_inventioni_diverse/Libro_primo
http://it.wikisource.org/wiki/Quesiti_et_inventioni_diverse/Libro_primo
http://it.wikisource.org/wiki/Quesiti_et_inventioni_diverse/Libro_primo
http://it.wikisource.org/wiki/Quesiti_et_inventioni_diverse/Libro_primo
http://it.wikisource.org/wiki/Quesiti_et_inventioni_diverse/Libro_primo


… ma dove andremo a finire 
dipende dalle  condizioni iniziali 
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Almost in scale 



The High Energy Starting 
Events (HESE) n sky 

W
h

at
 N

ex
t 

- 
 0

2/
12

/2
01

4
 

A
N

TA
R

ES
..

. e
 o

lt
re

 -
 M

. S
p

u
ri

o
 

6 

                                      Southern Hemisphere 



Hypotheses on the HESE origin 
(non-exhaustive list) 

• Extragalactic 

 

 

• Dark Matter 

 
• Unidentified 

 

 

• Galactic 
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• E. Waxman. The Beginning of Extra-Galactic Neutrino  
Astronomy. Physics 7 (2014) 88 

• F.W. Stecker. Phys. Rev. D 88 (2013) 047301; 
• P. Padovani and E. Resconi. arXiv:1406.0376  
• … 

• D. B. Fox, K. Kashiyama, P. Meszaros. ApJ, 774, 74; 
• …. 

• A. Esmaili and P. D. Serpico, JCAP 1311, 054 (2013) 
• J. Zavala. arXiv:1404.2932 
• … 

• J. Joshi, W. Winter, N. Gupta. MNRAS 439 (2014) 3414 
• Y. Bai, R. Lu, and J. Salvado, (2013); arXiv:1311.5864 
• L. A. Anchordoqui et al., Phys.Rev. D89 (2014) 083003; 
• M. Kachelriess, S. Ostapchenko. arXiv:1405.3797 
• M. Ahlers, K. Murase. Phys. Rev. D 90, (2014) 023010;  
• S. Razzaque. Phys. Rev. D 88 (2013) 081302; 
• A. D. Supanitsky. Phys. Rev. D 89 (2014) 023501; 
• A.Neronov, D.V.Semikoz, C.Tchernin. PRD89(2014) 103002 
• L. Bay et al. Neutrino Lighthouse at Sagittarius A* PrD 90, 063012 (2014) 



E>60 TeV Data Bck Data-Bck Best Fit 

All events 20 2.7 17.3 18.2 

Up (North) 5 1.4 3.6 6.7 

Down (South) 15 1.3 13.7 11.5 

• A correlation with the Galactic plane/center is quoted 
statistically non-significant in the IceCube paper; 

 

 

 

 

 
 

• The measured signal from the Northern hemisphere =3.6 evts 
(~purely extragalactic) is ~ 50% expected;   

• Assuming:  3.6  from North + symmetric extragalactic flux         
expected 6.2 HESE events of extragalactic origin from South 

• Galactic contribution= 13.7  - 6.2  7.5 events 

• This holds for any source energy spectrum E-G. 

A galactic component in HESE 
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News! arXiv:1410.1749 
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Almost in scale 



Northern and Southern sky 
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Up Down 

cosq 



• Best fit= 1:1:1 and isotropy. Small dependence on G 

• Much larger asymmetry between the North and South 
hemispheres in the new data set than in HESE 

• Event map not present in the arXiv 

W
h

at
 N

ex
t 

- 
 0

2/
12

/2
01

4
 

A
N

TA
R

ES
..

. e
 o

lt
re

 -
 M

. S
p

u
ri

o
 

11 

E>60 TeV Data Bck Data-Bck Best Fit 

All events 20 2.7 17.3 18.2 

Up (North) 5 1.4 3.6 6.7 

Down (South) 15 1.3 13.7 11.5 

E>25 TeV Data Bck Data-Bck Best Fit 

All events 43 11.7 31.3 29.1 

Up (sind>0.06) 11 5.3 5.7 12.1 

Down(sind<-0.06) 29 4.8 24.2 15.0 

HESE  

New 
sample 



Parametro di qualità di un nT 

•
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IC-1410.1749 vs. ANTARES   Aeff 
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1,E-02 

1,E-01 

1,E+00 

1,E+01 

1,E+02 

1,E+03 

1,E+02 1,E+03 1,E+04 1,E+05 1,E+06 1,E+07 

N
e

u
tr

in
o

 E
ff

e
ct

iv
e

 a
re

a 
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2 )
 

Neutrino Energy (GeV) 

IceCube nu_e (South) 

IceCube nu_mu (South) 

IceCube nu_tau (South) 

ANTARES nm 

       0.5° 
Angular resolution  

1°  

10°-15°   



I) A point-like Galactic source 
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• np = from a point-like source 

• NIC =total IC-HESE sample 

• The Galactic component can 
have a generic E-G spectrum: 
 

Same formula as in: 

        



Predictions 
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• The ANTARES 90% C.L. upper limit excludes that a single point-
like source produces np>5 HESE, assuming G=2.0. 

• A single point-like source yielding np>2 is excluded for G=2.3 

• A clusters made of np≥ 2 is excluded for G> 2.3. 

ANTARES upper bounds 



II) Enhanced diffuse Galactic flux 
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DW 
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Fermi 
Bubbles 

 
 
 
 
 

Galactic Plane 

• Fermi- Bubble region. ANTARES study optimized for G=2.0 and 
using 3y of data.  Eur. Phys. Jour. C74 (2014) 2701 

• Galactic Center region. ANTARES  study optimized for G=2.6-
2.7 and using 5y of data.   

• IC hot spot. Best fit  G=2.2-2.4 



Predictions for an enhanced 
flux vs. (nDW, DW) and  G  
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D

W 

DW 

• Esercizio per Gamma astronomia: visibili con IACTs, HAWC ? 

 

8°  

20°  



Condizioni iniziali (t0=12/2014) 
• Il rate di conteggi di eventi classificati come neutrini cosmici in 

diverse analisi di IC sembra differente per i due emisferi N/S 

• Attualmente, nessun claim di anisotropia. Flusso  cosmico 
interpretato  come diffuso e con flavor ratio 1:1:1  

• Segnale con spettro di energia  E-G (preferito: G 2.2-2.3) 

• L’eccesso di eventi dal cielo Sud può essere interpretato come 
dovuto ad una sottostima del fondo, fluttuazione, o presenza 
di una componente (presumibilmente) galattica. 

• Asimmetria N/S possibile per oggetti Galattici (Vissani et al 
Astropart.Phys. 34 (2011) 778-783 ) 

• ANTARES ha un’area effettiva  per  nm comparabile  con IC per 
l’emisfero Sud, e con migliore risoluzione angolare. 
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Condizioni iniziali (t0=12/2014) 
• Un eventuale claim di asimmetria (=presenza di sorgenti 

puntiformi/diffuse nel cielo Sud) favorirebbe ANTARES 

• Indipendentemente da ciò, ANTARES ha sufficiente sensibilità 
per escludere modelli di sorgente puntiforme con E-G , G>2.2.  

• Work in progress per sorgenti estese . Presenza/assenza di 
segnale in regioni di estenzione  10o può essere studiata. 

• La balistica sorvola adesso KM3NeT  Rosa 

• Ma… 
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• Fase 1 ha    t  t0 , quasi condizioni iniziali 

• 24 stringhe + 8 torri;  logistica migliore di ANTARES 

• Area efficace almeno x 3 ANTARES 

• Strumento per fare FISICA !! 
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Details: arXiv 1409.4552 

Phys.Rev. D90 (2014) 10, 103004 

  



Quello che conosco io della 
balistica: 
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• http://www.springer.com/astron
omy/astrophysics+and+astropart
icles/book/978-3-319-08050-5  

http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5
http://www.springer.com/astronomy/astrophysics+and+astroparticles/book/978-3-319-08050-5

