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The problem: -N x-secν

The knowledge of  x-sec is stuck at 10-30% level. 
The needs of neutrino community is to push systematic 
uncertainties down to 1% level because:

 Leading systematics for LBL experiments  
Neutrino oscillations Physics
 Limited possibility to validate nuclear electroweak 
effects (“nucleus and nuclear corrections”)  
Electroweak Physics
 Neutrino generators based on different approaches 
still provide results with > 50% discrepancies  
Nuclear Physics

ν

⇒

⇒

⇒
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Neutrino x-sec as a nuclear physics problem

Impact on present and future oscillation measurements ( ): 

The measurement of  crucially depends on the comparison of  vs  oscillations:
bias on  vs  x-sec directly reflect in bias on  measurement

δCP ν̄μ

δCP ν ν̄
ν ν̄ δCP
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Neutrino Interactions in the GeV region

 Large effects from Final State Interaction (FSI): re-scattering 
of the  inside the nucleus (nuclear physics again!)

 x-sec and FSI have different A-dependence  important 
effect when extrapolation from ND and FD with different 
material

π

⇒
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Why we need good models?
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What do we need to measure? What do we need to measure?

  Low energy hadrons ( ) are very important!p, n, π±

 is preferable4π

Neutrinos from accelerators
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Neutrino related initiatives at CERN: overview

  Activities where 
INFN-Bari is involved

  The aim of all these activities 
is to improve our knowledge on 

 x-secν − N
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WCTE @ CERN
 Control detector systematics
 Neutrino x-sec measurements:

 neutrons (key role in  scattering)
  (FSI)

ν̄
π±

Huge effort from INFN-Bari 
in the realization of multi-PMT:

 Comsol mechanical simulation
 Cover design
 Material studies
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Enubet (NP06)

INFN-Bari involved in:
 Test beam @ CERN
 Data analysis
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Enubet (NP06)

The goal of the Enubet project is to achieve knowledge of the neutrino flux at the 1% level

“By-pass” hadro-production, protons on target, beam-line efficiency uncertainties
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High Pressure TPC as neutrino target

A time projection chamber is a good candidate for these 
studies:

 Target = detector.
 3D reconstruction capabilities.
 Possibility to exchange targets  Nuclear dependencies
 low density  low thresholds
 excellent PID capabilities
 Almost uniform  acceptance
 low number of interactions  requires high pressure and 
large volume
 requires in addition a magnet or range detectors to 
measure momentum

⇒
⇒

4π
⇒

 This is not a new idea (Argon as target):
NF near detector.
LBNE-LBNO near detector.
NuStorm proposal.
The novelty of the proposal and need for HK is the 
need light nuclei such as He,Ne or CF4 as 
possible targets. (H?)
All of them consider the option of a High Pressure 
to increase the number of events.
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High-pressure Gaseous optical TPC's
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Vessel installation in Bari

 Many thenks for design and vessel 
installation to our mechanical workshop!!!



 INFN Bari fully involved in current and future detector activities devoted to the next 
generation neutrino oscillation experiments (ND280 upgrade, mPMT for HK, Enubet, HP-TPC)

 HP-TPC project in both AIDA-INNOVA and DRD1

 HP-TPC useful for both Muon Collider and next generation neutrino oscillation experiments

 ND280++ meeting at CERN last July

 Workshop on Neutrinos@CERN (23-24 January 2025) 

14

Conclusions



Backup
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Some nice events from December 2023 in the upgraded ND280
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WCTE @ CERN

Neutrino x-sec mesurements:
neutrons (key role in  scattering)

 (FSI)
ν̄

π±

Detector systematics
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WCTE @ CERN

Huge effort from INFN-Bari in the realization of multi-PMT:
 Comsol mechanical simulation
 Cover design
 Material studies
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Number of events (example)

Scheme of  HP-TPC  @UniGe
with optical readout

 Primary ionisations in the drift region are guided to 
the amplification region by emectric field 
 Amplification produces electron and photons
 Cameras image the amplification region and record 
a 2D projection of the electroluminescence photon
 Highly segmented readout ( ) at low 
cost per pixel possible

2 × 2 × 2 m3

100 × 100 μm2
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Readout ideas 


