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Global Neutrino Network (GNN)

KM3NeT,	BF2023	-	E.	Drakopoulou



LoI: arXiv:1601.07459 [astro-ph.IM]
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The KM3NeT collaboration

Numbers: 
• 57 groups  
• 21 countries 
• 4 continents 
• 2 detectors  
    ORCA/ARCA 

KM3NeT,	BF2023	-	E.	Drakopoulou

https://arxiv.org/abs/1601.07459
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Neutrino Sources 

KM3NeT,	BF2023	-	E.	Drakopoulou
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➢ observe high energy (>TeV energy regime) 
neutrinos from astrophysical sources     

➢ measure the diffuse flux of astrophysical 
neutrinos

KM3NeT/ARCA:	Exploring	the	High	Energy	Universe	

Neutrinos: straight trajectories, practically no 
absorption. 
Sources: powerful cosmic hadronic accelerators

Multimessenger astronomy:   combine ν, γ-rays, 
other EM waves, gravitational waves, charged 
cosmic rays

Multi-messenger astronomy

see	deeper	into	sources

learn	 what	 is	
the	 origin	 of	
cosmic	rays	

Understand	the	
p r o d u c t i o n	
mechanism	 of	
γ-rays	

Scientific Motivation- ARCA: Neutrino Astronomy 

KM3NeT,	BF2023	-	E.	Drakopoulou
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Scientific Motivation- ORCA: Neutrino Astronomy 

➢ study atmospheric neutrino (~ few GeV energy 
regime) oscillations  

➢ Oscillation pattern distorted by Earth matter effects. 
Allows for determination of mass ordering because 
of different behaviour of neutrinos/antineutrinos. 

➢ KM3NeT: no event-by-event 𝜈/𝜈̅ separation, but 
differences in flux/kinematics/cross-section.

KM3NeT/ORCA: Determine the neutrino mass ordering

• Neutrino properties through oscillation studies 

◦ neutrino mass hierarchy 
◦ measure atm. mixing parameters 
◦ New physics (sterile neutrinos, NSI & other) 

• Characteristic patterns of neutrino appearance/
disappearance at different energies/path length

KM3NeT,	BF2023	-	E.	Drakopoulou
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The KM3NeT Detectors 

New
ARCA blocks

Buoy

Anchor

✓ Currently	28	DUs	deployed	ARCA

✓ Currently	18	DUs	deployed	ORCA 28 18
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The KM3NeT Detectors 

KM3NeT,	BF2023	-	E.	Drakopoulou
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KM3NeT Components

Identical for ARCA and ORCA
KM3NeT,	BF2023	-	E.	Drakopoulou
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Data  Acquisition in KM3NeT

SCALABLE	DAQ	design	
Many	 detection	 elements	
(#	 DOMs	 >	 O(1000)/km3)	
deployed	in	bunches	

ALL	 DATA	 TO	 SHORE	
(trigger-less	 streaming	
readout	)	approach

White Rabbit system to 
d i s t r i b u t e t h e s u b -
nanosecond precision to all 
the DOMs via ethernet.
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Event Signatures

KM3NeT,	BF2023	-	E.	Drakopoulou



12

Event Signatures
Track-like	event

Shower-like	event

KM3NeT,	BF2023	-	E.	Drakopoulou
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Detector Capabilities

• ARCA6, ORCA6 and ANTARES have 
comparable effective areas for low 
energies.  

• For E > 10 TeV, ARCA6 has 
significantly higher effective area.

PAST
FUTURE

• Effective volume for ARCA (1BB) and ORCA 
compared to ANTARES.

ARCA6: ARCA with 6 DUs

JINST	16	C11015

KM3NeT,	BF2023	-	E.	Drakopoulou

https://iopscience.iop.org/article/10.1088/1748-0221/16/11/C11015/pdf
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Some basic measurements

KM3NeT,	BF2023	-	E.	Drakopoulou

D. Stavropoulos talk 
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ARCA Performance

KM3NeT,	BF2023	-	E.	Drakopoulou
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ARCA: All-sky diffuse cosmic neutrino flux

The detection of a diffuse flux of cosmic neutrinos provides: 
• information on the production mechanisms composition 

and acceleration of Cosmic Rays 
• Signal from faint sources that are difficult to detect 

individually

KM3NeT,	BF2023	-	E.	Drakopoulou

• No high-E excess due to neutrinos 
• Results compatible with background

Simulated signal for νµ = 1.44 x 10-18 (E/100 TeV)-2.37 

(IceCube diffuse flux) 
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Neutrinos from Point Sources - Full ARCA
There are sources of High Energy Cosmic Rays in the galactic center; CR + interstellar medium → 𝜈’s!

FULL ARCA: Observation with 3σ significance 
possible in about six years of operation for most 
intense sources

Astroparticle Physics 111 (2019) 100–110

Neutrino flux from potential astrophysical 
neutrino sources

Astroparticle Physics 111 (2019) 100–110

KM3NeT,	BF2023	-	E.	Drakopoulou

https://doi.org/10.1016/j.astropartphys.2019.04.002
https://doi.org/10.1016/j.astropartphys.2019.04.002
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Neutrinos from Point Sources 

KM3NeT,	BF2023	-	E.	Drakopoulou

No	source	exceeding	background	yet

Background	dominated	by	misreconstructed	atmospheric	μ

424 days of data with KM3NeT/ARCA 6 
+ ARCA 8 + ARCA 21 

Time integrated point-like search for 
neutrino excess  

101 sources selected: ANTARES+IC 
searches/alerts + Galactic (TeVCat - γ) + 
Extragalactic AGNs (VLI) 

PoS ICRC2023 (2023) 1018 
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Neutrinos from the Galactic Ridge

Unblinded ‘pilot (on/off-zone) analysis’, 432 days ARCA 6-21       No statistically significant excess found  

KM3NeT,	BF2023	-	E.	Drakopoulou

Flux upper limits for KM3NeT/ARCA 6-21 vs ICECUBE 
and ANTARES 

• Multiple sources of high-energy Cosmic Rays in the centre of the Milky Way 
• High-energy neutrinos should be produced via interaction of CR with the interstellar medium 
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Neutrino Oscillations  - ORCA6

KM3NeT,	BF2023	-	E.	Drakopoulou
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Neutrino Oscillations  - Full ORCA

arXiv:2103.09885 [hep-ex]
zenodo.org/record/6785279KM3NeT,	BF2023	-	E.	Drakopoulou

Inverted	Hierarchy	

Normal	Hierarchy	

• The sensitivity to Neutrino Mass 
Ordering (NMO) after 3 years of data 
taking is 4.4σ (NO) and 2.3σ (IO). 

• The NMO can be determined at 3σ 
level after 1.3 (5.0) years if the true 
NMO is normal (inverted). 

• Competitive measurements for

https://arxiv.org/abs/2103.09885
https://zenodo.org/record/6785279
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Multimessenger Analysis

zenodo.org/record/6805417

KM3NeT has developed a framework to identify neutrino candidates in real-time.
◦ supernova monitoring for prompt alerts, 

generation latency < 20 s 

◦ receive external EM/GW/𝜈 alerts; search 
for correlated 𝜈 

◦ send all flavor, all-sky 𝜈 alerts (multiplets & 
HE (GeV - PeV)) to external observatories

KM3NeT,	BF2023	-	E.	Drakopoulou

Multi-messenger astronomy is becoming the most sensitive approach to astrophysical event 
detection, especially for transient events. 

KM3NeT, actively monitors and analyses a variety of external triggers 
in real-time, including alerts like IceCube neutrinos, Fermi/Swift GRB, 
HAWC gamma-ray transients, LIGO-Virgo-KAGRA gravitational waves, 
SNEWS neutrino alerts, and others. 

zenodo.org/record/6805372

Follow-up of IceCube alerts with ARCA

No confirmation yet. 

https://zenodo.org/record/6805417
https://zenodo.org/record/6805372
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KM3NeT DOM & DU Production

KM3NeT,	BF2023	-	E.	Drakopoulou
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Thank you for your at-ention! 

For more follow us at:
https://www.km3net.org

24KM3NeT,	BF2023	-	E.	Drakopoulou

https://www.km3net.org/
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Backup

KM3NeT,	BF2023	-	E.	Drakopoulou
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Detection Principle 

Charged Current (CC) /
Neutral Current (NC) 

interactions      

Neutrino detection:  
• C h e r e n k o v r a d i a t i o n a l l o w s   

directional reconstruction 
• radiative processes allows energy 

reconstruction 

Detector properties:  
• Transparent medium   
• D e e p u n d e r g r o u n d t o s h i e l d 

backgrounds (atmospheric muons) 
• Huge detector volumes  
• Direction Resolutions: 
◦ track channel: better than 0.1º for 

E>100TeV 
◦ cascade channel: better than 2º

KM3NeT,	BF2023	-	E.	Drakopoulou
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Detector Control and Calibrations

Position Calibration: 

Lines move with the sea current. Needs dynamic 
position calibration.  

• Acoustic system for dynamic alignment 

• Precision O(10 cm)  

• Checked with atmospheric muons 

Timing Calibration:  

• LED pulsers (nanobeacon) for inter-DOM calibration 
arXiv:2111.00223 [astro-ph.IM] 

• < 1ns precision for relative timing between DOMs

KM3NeT,	BF2023	-	E.	Drakopoulou

https://arxiv.org/abs/2111.00223
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Cosmic neutrino flux - Full ARCA
When	ARCA	is	completed	(2BB),	it	will	be	able	to	confirm	the	
IceCube	flux	within	within	1	year	of	data	

shower

track

KM3NeT,	BF2023	-	E.	Drakopoulou



Neutrino Astronomy: the reality!
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• Signal:	Neutrinos	from	astrophysical	sources		
• Background:	atmospheric	neutrinos	
																											atmospheric	muons

cosmic	νμ	
atm.	νμ		
atm.	νe	
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Science Objectives: Neutrino Physics
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measuring	the	neutrino	mass	ordering	(MC		Simulation)
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Atmospheric neutrinos:  
"free beam" of known composition (νe, νµ)

Oscillation pattern distorted by Earth matter effects 
maximum difference for θ=130° (7645 km) and Eν = 7 GeV

Measure θ and Εν for 
upgoing atmospheric 
neutrinos (GeV scale)

Treatment of systematics is important  

KM3NeT-ORCA:	Oscillation	Research	with	Cosmics	in	the	Abyss
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