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Reminder 
•  ν&ν paper (i.e. Ciro’s analysis): 2nd round of comments from the 

coll. finishing next Monday (I still have to read the second 
version!)  

https://www.t2k.org/comm/pubboard/JournalPapers/CC0pinuanu/ 
 
•  O&C paper (i.e. Margherita’s analysis): received comments from 

the 1st round... It will take time to introduce all of them! 
https://www.t2k.org/comm/pubboard/JournalPapers/
CC0piOCfgd1fgd2 

•  Water and scintillator CC0pi0p in ~Wagasci (i.e. Chikuma-san’s 
analysis – proton+water+ingrid modules): final round of comments 
ending next Monday 

https://www.t2k.org/comm/pubboard/JournalPapers/
CC0pi0pnunubarinWagasci 
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(Non-) Common points between 
O&C and nu& anu analysis 

Common points: 
•  Both analyses use the same neutrino CC0π selection in the FGD1 
•  They extract a double differential xsec in muon kinematics (momentum 

and angle) 
•  Both analyses use a joint fits 
è Thus the O&C paper will refer to the nu/anu paper for the description of 
the selection and the detector systematics 

Specificities: 
•  For the O&C analysis, we fit at the same time FGD1 and FGD2 samples. 

We present both regularized and unregularized results. 
•  For the nu&anu analysis, we fit at the same time nu and anu (specific 

selection!) samples. No regularization applied. 
•  For the O&C analysis we can extract the O/C ratio with proper 

correlation 
•  For the nu and anu analysis, we can extract the sum, the difference and 

the asymmetry to look for 2p2h effects  [Phys Rev C 91 035501,2015] 
•  Slightly different methods for the error propagation 
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Joint fit strategy 
Details about the analyses have already been shown many 
times (nu/anu paper already passed the first round of 
comments) 
•  TN 337 https://www.t2k.org/docs/technotes/337 
•  TN 338 https://www.t2k.org/docs/technotes/338 

Basic idea: we use the num. of events in the reconstructed 
bin j, to disantangle the O and C (or the nu and anu) 

contribution. ci and oi (or ci and ci ) are free parameters in 
the fit!! 

_ 

_ _ 
Free parameters 

__ __ 
Effect of the systematics 
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O&C paper 



Targets and detectors 
For this analysis we use: 

•  3 Time Projection Chambers 
(TPCs) for momentum 
reconstruction and particle 
identification 

•  2 Fine-Grained Detectors 
(FGD1 and FGD2) as a target.  

FGD1: made of C8H8 scintillator 
bars alternately oriented in the x 
and y directions for a 3D 
tracking -> Carbon target! 

FGD2: also contains water 
modules alternating with 
scintillator layers -> Carbon & 
Oxygen targets 
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Event selections 
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Selecting interactions on O and C 
For the first time we combine FGD1 and FGD2 data to simultaneously 
extract the O and C double differential flux integrated cross sections as 
a function of the muon kinematics (cosθµ, pµ) 

Base concept of the analysis:  

•  samples with the track starting point in 
FGD2-X layers are oxygen-enhanced  

•  samples with the track starting point in 
FGD2-Y layers and FGD1 are carbon-
enhanced  
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O/C ratio 
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χ2 table summary 
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Nu&anu paper 



nu – anu difference 

Preference for w/ 2p2h in the high angle region 
Disagreement in the forward region  

Compared with 
NEUT LFG w/ 

and w/o 2p2h 
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nu – anu sum 

Compared with 
different 2p2h 
models: 
•  Nieves et al (NEUT 

LFG) 
•  Martini et al. (NEUT 

LFG) 
•  SusaV2 (for 1p1h 

and 2p2h) 

No perfect model 
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χ2 table summary 

No model able to simultaneously describe nu and anu xsec. 
 
Nice feature shown by the difference (but more stat. needed) 
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~WAGASCI paper 



anu nu+anu 



For the future: ND280upgrade 
(Jaafar) 

Create a working group with the young manpower  
LLR (Jaafar)  
+ CEA (Alice+PhD theoricien)  
+ LPNHE (1 post doc, 1 PhD)  
to integrate the superFGD in the oscillation analysis: 
1.  study the new available variables (protons and 

neutron kinematics) 
2.  Look at the sensitivity with a simple 2D fitter 

(Jaafar+alice stage) 
3.  Adapt the current xsec fitter and create a new 

(better!) BANFF (help also from Laura, 2nd year 
PhD from CEA) 

4.  Add also standard FGD1 and FGD2 


