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https://rtrp.jp/articles/110716/landing/

The ND280 Upgrade




The Current ND280
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ND280 reduced the systematic errors sufficiently to provide
the ability to measure the neutrino violation phase :
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Efficiency

The Upgraded ND280

Upgrade of the detection efficiency
e Increased acceptance for high angle muons

(match SK acceptance)

e Lower momentum threshold for muons

and protons

— Thinner binning, new observables = better constrains
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Principle of the ND280 Fit




Principle of the ND280 Fit

e Based on a likelihood fit :
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For the ND280 upgrade physics :
e Samples =["CC-0Pi", "CC-1Pi", "CC-Other"]
* Syst. Categories = [flux, detector, cross-section, Eb, ...]



Principle of the ND280 Fit
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Using xsLLhFitter for Upgrade Physics

* ND280 Upgrade will allow much improved

access to outgoing hadron kinematics opr = |[opr| = IP7 + 7|, :
k. " E
da = arccos (— pTM 5pT) ,
e For example, could fit the data with transverse variables in popT
addition to muon momentum / cos theta B PT* PT N
d¢T = arccos | ——; : " 530
PTPT g AN
(p,»€0S0,) — (opr, dar,p,...) .

* Add extra systematics
[Eb, FSI, ...]
* See if the upgraded ND280 will be able to

discriminate between nuclear models

* See the performance gain on the systematics
and the physics parameters

First Step : Reproducing the BANFF Fit
with xsllhFitter (the cross-section fitter)
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First Attempt to Reproduce the BANFF Fit




Flat trees were taken from iRODS path :

/QMULZone1/home/asg/asg20190a/ND280/Highlandv2r41_TestFlatTrees_FGDHitinfo_26Nov2019/

drwxr-s---
drwxr-sr-x
drwxr-sr-x
drwxr-sr-x

drwxr-sr-x
drwxr-sr-x
drwxr-sr-x
drwxr-sr-x

e BANFF is working directly with these flat trees
e The same event selection process can also be done by Highland2
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Install notes and hot fixes - link

e 3 different analyses have to be performed :

Nu_mu candidates :

RunNumuCCMultiPiAnalysis.exe

Anti Nu_mu candidates :

RunAntiNumuCCMultiPiAnalysis.exe
RunNumuBkginAntiNuModeAnalysis.exe

__ prior
2 2 ()
n n


https://www.t2k.org/ndup/general/nd280-upgrade/physandperf/documentation/Installing%20Highland2

Building the Prediction M_{pt}

Getting the BANFF binning

e The binning in BANFF is hard coded :
https_://github.com/t2k-software/BANFF/blob/OA2020/src/BinningDefinition.cxx

e |n xsllhFit, the binning is specified in a text file where the lower/higher bounds of each bin
is specified on each line : { cos(theta) min ; cos(theta) max ; p_mu min ; p_mu max }

//FHCNumuCCePi
int FHCNumuCCOPi_Mom_NBin
double FHCNumuCCOPi Mom Bin[30]

29;

{6. , 200. , 300. , 400. , 450. , 500. , 550,
650. , 700. , 750. , 800. , 850. , 900. , 950.
1050., 1100., 1200., 1300., 1400., 1500., 160¢
1800., 2000., 2500., 3000., 5000., 30000.};

int FHCNumuCCOPi_Det_Mom_NBin = 8;
double FHCNumuCCOPi Det Mom Bin[9] = {@., 300., 1000., 1250., 1500., 2000., 3000., 5¢ 0.5 300

0.5 400

int FHCNumuCCOPi_Cos_NBin = 29;
double FHCNumuCCOPi_Cos_Bin[38]; 0.5 450
int FHCNumuCCOPi_Det _Cos_NBin = 8; @ 5 5@@
double FHCNumuCCOPi_Det_Cos Bin[9] {-1.0, 0.6, 0.8, 0.85, 0.9, ©.92, 0.98, 0.99, 1. :
if(!Do4PiFHC){ //FHC Multi Pi
FHCNumuCCOPi_Cos_NBin = 29;

FHCNumuCC@OPi_Cos_Bin[ @] = -1.0 ;
FHCNumuCCeOPi_Cos_Bin[ 1] = 0.5 ;
FHCNumuCCeOPi_Cos _Bin[ 2] = 0.6 ;

1


https://github.com/t2k-software/BANFF/blob/OA2020/src/BinningDefinition.cxx
https://github.com/t2k-software/BANFF/blob/OA2020/src/BinningDefinition.cxx

Covariance Matrices
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Detector covariance matrix (January 2020)

http://www.hep.ph.ic.ac.uk/~wparker/T2K/NDCovs/

Flux covariance matrix (December 2019)

https:/t2k.org/beam/NuFlux/FluxRelease/13areplica/13av6/13avé6-flux-uncertainty
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https://t2k.org/beam/NuFlux/FluxRelease/13areplica/13av6/13av6-flux-uncertainty
http://www.hep.ph.ic.ac.uk/~wparker/T2K/NDCovs/

Covariance Matrices
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Need to generate splines to propagate the effect of the
cross-section uncertainties
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Ingredients :
e Using MC files from run2a

e Using 3 Samples (not 9 yet)
e Numu + CCOPi selection cuts
e Numu + CC1Pi selection cuts
e Numu + CCOther selection cuts

e BANFF flux covariance matrix (only ND280 part)

e Approx. 10 mins of computing
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