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CP violation: warning

• Not possible to carry out unambiguous CPV 
detection: “Kl 2 pdoes not appear to be  
possible (T-Violation would do, but ..)

• One cannot avoid CPV mimicking by other 
cause, matter effect, cross section errors, etc.

• May be we (theorists) should spend more time 
to think about possible mechanism which can  
mimic “CP phase effect” 
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Motivating 
for n cross 
sections:  

CP



CP, matter effect, and all that
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Use P – P-bar 
asymmetry + spectral 
modulation to 
measure CP phase d

Plot first made in 
UNICAMP Brazil 



CP measurement: basics 1

• For narrow band beam (T2K, NOVA) a set of 
measurement of (P, bar-P) determines d

• However, effect of d (cosine and sine) has to be 
tiny

• Because it is suppressed by two small numbers:
Dm2

21/Dm2
31 ~ 0.031, Jr=c12s12c23s23s13 ~ 0.035

• Altogether it is Pme~10-3  
 we need big 

detector/intense neutrino beam
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CP measurement: basics 2

• For narrow band beam (T2K, NOVA) a set of 
measurement of (P, bar-P) determines d

• There might be issues like, degeneracy etc. but 
let’s ignore them

• Probably the most crucial issues are:

• To know nu and bar-nu flux  accurately

• To know nu and nu-bar cross sections  
accurately
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Expected CP sensitivity: Dd ~ 10-20o
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T2HK: 7.5 MW year
LBNE: 20 MW year 
(year = 107 sec)

P.Coloma, HM, S.J.Parke
1406.2551



Let us examine some of them
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P. Coloma, HM, & S.Parke, Note it’s a very 
balanced collaboration! arXiv:1406.2551 



Main cause of error for CP  (slide borrowed from
Walter, modified) 

(Coloma, Huber, Kopp, Winter, arXiv:1209.5973)

Robust wrt systematics
Main impact:
Matter density uncertainty

Operate in statistics-
limited regime

Exposure more important 
than near detector

Neutrino Factory

High-E superbeam

Low-E (QE!) 
superbeam

QE ne X-sec critical:
no self-consistent 
measurement

Theory: ne/nm ratio?
Experiment: nSTORM?
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Measuring 
cross 

section 
must be 

easy 
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Do you 
know n

flux? No!



To measure neutrino nucleus cross section 

• To measure neutrino 
nucleus cross section one 
has to know neutrino flux

• To determine nu flux one 
has to carry out hadron
production experiments 
(preferably with replica 
target) to know pion
(kaon) momentum 
distribution as accurately 
as possible
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For T2K: NA61/SHINE @ CERN
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Thin target



T2K flux 
prediction: 
n and anti-n
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nu flux error at ND280 
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nm

ne

The total systematic uncertainty on the νe flux is 13% at the mean νe energy (1.3 GeV).

nu~10% error
Anti-nu~20% error



nu flux error at SK
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nm

ne



Uncertainty: Hadron production dominates
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nm

ne



T2K nm CC inclusive
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PRD D 87, 092003 (2013)



T2K flux-
averaged 
nm CC cross 

section
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T2K ne CC
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T2K ne CC
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1407.7389
315 νe CC interaction 
candidates are selected, 
with an expected purity 
of 65%.
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How to 
deal with 
ne cross 
section? 



T2K ne flux is mostly from muon decay
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ne/nm
determined at 

3% error
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arXiv:1304.0841
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Effect on 
q23



If QE and non-QE are not separated 
appropriately …
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P.Coloma-P.Huber, 1307.1243
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ArgoNeuT
sees nucleon 
correlations



ArgoNeut saw SRC in nuclei
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(μ-+2p ) triple coincidence topology events 30 (19 
collected in the anti-neutrino mode run and 11 in 
the neutrino mode run) fully reconstructed events

Hummer event !

~7000 CC events
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Fermi gas model tends to overestimate 
cross sections
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Conclusion

• CP phase effect is a small effect, and so flux and 
cross section errors must be controlled

• For flux, dedicated hadron production 
measurement indispensable

• For cross section, near detector can do the job, 
but the current error is ~10% for nm and ~20% 
for ne at T2K

• Serious effects ongoing to reduce the errors of 
n flux and n cross sections
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replica target soon!


