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Neutrinos at CERN

Three recent activities at CERN on neutrinos 



The Neutrino Platform

Watched over by the SPSC… 3



The EP- Neutrino Group @ CERN

• European Strategy 2013: -> Neutrino effort @ CERN-> Platform

• In view of the effort in the established neutrino platform a new 

group was created in fall 2016

• EP group focus at present on

– Experimental neutrino physics -> take part in experiments. So far 

DUNE and ICARUS/SBN at FNAL. Recently exploring the T2K-

upgrade and accepted with ‘limited membership’ in NA61

– Focal point for activities for the neutrino community in Europe 

– Collaborate with the neutrino platform on ProtoDUNE (data 

analysis, computing, simulations, reconstruction, beamline

optimization, physics analysis…)

– Collaborate with the platform on detectors R&D, test beams

– Liaise with CERN-TH neutrino group on the physics program

– Organize workshops for the Neutrino community

– Recently: Special focus on near detector challenges      
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The TH- Neutrino Group @ CERN

• Neutrino Experimental TH effort since spring 2016

• Virtual group, ie most people not at CERN

– Joachim Kopp and Jacobo-Lopez Pacvon plus visitors, expanding..

• TH group focus at present

– Organizing TH Institutes and Workshop

– Examples:

• Near Detector Physics at Neutrino Experiments (July ‘18)

https://indico.cern.ch/event/721473/

• Neutrino Platform Week  (January ‘18)

https://indico.cern.ch/event/645835/

– So far no strong attention to/ focus on neutrino-nucleus 

interactions. Apply for TH visitor!

• Liaise with CERN-EP neutrino group on the physics 

program.
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The DUNE Experiment

More than 1100 collaborators Far Detector Technology: LArTPC 6



DUNE LarTPCs: Step by Step Approach

a scale factor 
of ~ 25

Large demonstrators as prototypes
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ProtoDUNE Area



ProtoDUNE



ProtoDUNE



ProtoDUNE
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The Beam…

2 October: first glimpse of the beam (1 GeV positron)
…Very faint as the purity was only just enough 



Events in the LarTPC



Events in the LarTPC
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Double Phase DUNE Prototype

DP ProtoDUNE installation ongoing. Cryostat closure foreseen in January 2019 



DUNE

Further activities
- Near Detector Technology tests
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T2K ND280 Upgrade

Since start of 2018: Exploring the option to participate in T2K-Upgrade

Data taking: ~ 2021 17



ND280 Upgrade Testbeams

ATTRACT proposal for 3D cube printing.    Also relevant for DUNE ND design studies

1x1x1 cm3



ND280 Upgrade Testbeams



High Pressure Argon TPG

Also relevant for DUNE ND design studies
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Installation has been delayed till end 2018
Filling and commissioning to starting 2019. Data 2nd part of 2019

MiniBooNE/LSND Excess??



EP Neutrino Group and NA61/SHINE

EP-Nu has been invited as a limited 
member of NA61/SHINE experiment.
This does not involve financial 
contributions.

EP-Nu will only contribute to the 
Neutrino aspect of the program eg
studies (measurements/reconstruction/
deep learning techniques) on 
hadro-production eg on a mock 
DUNE/T2K target
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CENF-ND Near Detector Forum 

Organizers
Paola Sala
Stefania Bordoni
Alfons Weber
Marco Zito

https://twiki.cern.ch/twiki/bin/view/CENF/NearDetector

Generic study of near detector topics to engage (European) community 



▸ Hub to provide support to the ongoing efforts of the LBN 
collaborations, strengthen the European support, attract new 
institutes, endorse participation from Japanese and American 
Institutes. 

▸ Work organised in 5 WGs (flux, cross-section, R&D.. ) in close 
collaboration with existing frameworks and groups

▸ Activity started in July 2017, more than 100 participants registered

▸ Video meetings, Workshop at CERN, visiting and projects for student 
are organized. 

▸ ESG contribution planned for December 2018
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Pion-Argon Interaction Cross Sections 

•Use the 2018 SP-DUNE beam data for tuning of hadron nucleus 
interactions and nucleon structure models

•Measure inclusive and exclusive cross sections

•Contribute to reduce the systematics for future Neutrino 
measurements

arXiv:1706.07081
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2018: ProtoDUNE TDR Plans
• Beams of e, mu, and hadrons (pions, proton, kaons) 

• Beam energies from 0.5 to  GeV

• Inclusive and exclusive pion-Argon cross sections

• …proton-Argon cross sections 

• …electron-Argon cross sections  

Possible run
scenario

arXiv:1706.07081
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2018: ProtoDUNE Data Taking

7 GeV
1 GeV
2 GeV
6 GeV
3 GeV
0.5 GeV
0.3 GeV

# of triggers for each particle type for the different beam energies

https://docs.google.com/spreadsheets/d/1O4o9_q8F-KynQltKDAfmco3e_s1eKItFkzZ4-g_Vls0/htmlview#gid=0

Source:

https://docs.google.com/spreadsheets/d/1O4o9_q8F-KynQltKDAfmco3e_s1eKItFkzZ4-g_Vls0/htmlview#gid=0


Physics with ProtoDUNEs

• A search for boosted dark matter: two component non-

minimal dark matter model. 𝛘0 stable DM, 𝛘1 interacts with 

the SM particles: 

arXiv:1803.03264
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NuStorm Study

• NuSTORM@ CERN has been studied for the 

European Strategy Update in the context of the 

Physics Beyond Colliders working group

• It is not actually part of the PBC document other than 

just being mentioned

• A separate NuSTORM ESPP document will be 

submitted before 18 Dec (10 pages) –> Ken Long

• An accompanying longer document in preparation. 

Contains an accelerator detailed study of NuSTORM

@ CERN using the SPS

• Conclusion: the existing CERN infrastructure is well 

tailored to implement and host NuSTORM
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NuSTORM @ CERN
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~ 3 km 



Summary

• CERN offers a platform for neutrino detector R&D and 

construction. The EP-NU group engages with the 

neutrino analyses in experiments. The group is still 

growing…

• Present projects: ICARUS/SBN, DUNE & ProtoDUNE, 

T2K-Upgrade, Near Detector Forum and ND detector 

R&D, NA61. Plan to keep on top of deep learning 

technique 

• ProtoDUNE data from beams is arriving! (Single 

Phase). Actively involved in data analysis and 

preparation of hadron-Argon cross section 

measurements -> physics papers 

• SPSC called for future projects for Neutrino Platform…
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