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T2K AND HYPER-K

Broad physics research:
● Beam, earth’s core, atmospheric, solar and supernova 

neutrinos studies
● Proton decay, CP violation and BSM physics



T2K AND HYPER-K BEAM DELIVERY PATH
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T2K ANALYSIS
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The EMPHATIC collaboration has been operating a compact experiment at FERMILAB 
Measurement of hadron production cross sections that are particularly relevant to neutrino flux predictions and not 

possible in other experiments.

EXPERIMENT TO MEASURE THE PRODUCTION OF HADRONS AT A TEST BEAM IN CHICAGOLAND
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STEPS OF MY ANALYSIS:
KAON FORWARD SCATTERING

BEAM STUDIES
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SELECTION
Forward scattering

UPSTREAM 
SELECTION

Interactions before the target

SYSTEMATICS

Monte Carlo models

Beam Characterization

ALIGNMENT AND 
CALIBRATION

Coordinate system

MODEL FITTING

Optical theorem 

MEASUREMENT OF KAON-CARBON FORWARD SCATTERING WITH EMPHATIC SPECTROMETER

BRUNO FERRAZZI - WNPPC 2023 7



Protons Kaons
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BEAM CONTENT

Particle Composition at Fermilab
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MONTE CARLO AND DATA

BRUNO FERRAZZI - WNPPC 2023 10

MEASUREMENT OF KAON-CARBON FORWARD SCATTERING WITH EMPHATIC SPECTROMETER

TRACK RECONSTRUCTION CONCORDANCE

∆x or ∆y
Өx or Өy



FIRST ANALYSIS OF KAON-CARBON DIFFERENTIAL CROSS SECTION
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ALTERNATIVE

Kaon forward scattering
■ The beam impurity needs to be better understood
■ The systematics analysis and model fitting are in the initial 

states
■ Optimization of the data cuts is needed

New data and ARICH work
■ Data has been produced since 2018
■ Canada team is responsible for ARICH operation
■ Next experiment cycle beings in Mar-April 2023

WORK IN PROGRESS
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ARICH: Aerogel Imaging Cherenkov Detector



THANK YOU!
Do you have any questions?

bferrazzi@uregina.ca
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Study of alignment and calibration

The data alignment is done by selecting events with single cluster in SSD for all planes using empty target.
The algorithm goes through a larger portion of the events changing the parameters in order to minimize 
the chi-squared. The output are values of the position and rotation for SSD planes.

       "RunNumber" : 274,

       "Plane" :{

           "Id" : 1,

           "Position" : [0.1553, 0.0000, -99.3000],

           "Rotation" : [0.0000, -15.0000, 0.0000],

       },

       "Plane" :{

           "Id" : 2,

           "Position" : [0.0000, 0.0000, -98.7204],

           "Rotation" : [0.0000, -15.0000, 90.0000],
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Study of downstream selection and out of target interactions

 Goal: Remove background and improve the angular resolution
Single upstream track (1)
Maximum number of clusters (8)
Chi-squared (<6) [broken tracks]
Difference in upstream and downstream x(y) track position at target z position
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Study of upstream selection, beam profile and upstream interactions

Goal: Remove interactions happening before the target improving the POT number
Cherenkov cut (Pedestal)
Single upstream track (1)
Maximum number of clusters (8)
Chi-squared (<6) [broken tracks]
Beam Divergence (tails) 
Beam Profile (tails)

Upstream Beam Profile

Upstream Beam Position

Upstream Beam Slope
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