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•  Near	detector	(ND280)	
measures	neutrino	cross	
sec(on	&	energy	spectrum	

•  3	(me	projec(on	chambers	
(TPCs):	dE/dx	&	track	charge	

•  2	fine-grained	detectors	
(FGDs):	target	mass		
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•  Pion	secondary	interac(ons	(SI):	pion	from	neutrino	
interac(ons	interacts	with	the	detector	materials	

•  Inelas(c	scaTering:	changes	the	pion	kinema(cs	
•  Absorp(on	or	charge	exchange:	pion	not	detected		
•  Recall	at	T2K	neutrino	energy	

• 60%	CCQE	and	15%	CC-RES	events	
• Cannot	ignore	the	CC-RES	topology		

•  Need	to	study	π	interac(on	with	detector	materials	

	

	

•  Pion	SI:	largest	
systema(cs	
uncertain(es	for	T2K		

•  Limited	external	data	
sets	available	

•  GEANT	4	Monte	Carlo	
does	not	describe	
external	data	sets	well	

•  External	data	
— GEANT4.9.4	Ber(ni	Cascade		

total:	elas(c	+	inelas(c	+	absorp(on		
+	charge	exchange	+	double	charge	exchange	

absorp(on	

charge	exchange	

•  The	near	detector	Monte	
Carlo	(MC)	is	tuned	by	
applying	a	weight	for	
each	pion	SI	
• a	 •  NEUT:	tuned	to	the	external	data	sets	

•  Use	NEUT	instead	of	GEANT4	for	pion	interac(ons	
modeling	at	the	near	detector	
• NEUT	is	T2K’s	neutrino	event	generator		

•  Using	near	detector	data	to	further	constrain	the	
pion	SI	model	
•  Lots	of	pions	produced	in	the	near	detector	
• Select	pions	samples	that	enter	the	FGDs	and	
study	their	interac(ons	
• Pion	kinema(cs	reconstructed	by	upstream	TPC	
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•  Pion	SI	is	the	leading	source	of	systema(cs	
uncertain(es	for	T2K	

•  Improvements	work-in-progress:	
• Neutrino	interac(on	generator	update	
•  Inclusion	of	pion	data	from	near	detector	

•  This	analysis	strategy	can	also	be	used	by	other	
accelerator	neutrino	experiments	to	reduce	pion	SI	
systema(cs	uncertain(es	

planned		
changes	
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•  Selected	2	independent	π+	samples	based	on	the	
reconstructed	informa(on	
• To	study	pion	interac(ons	in	the	near	detector	

•  >	80%	sample	purity	with	addi(onal	momentum	cut	

•  The	Tokai-to-Kamioka	experiment	
(T2K)	uses	neutrino	(an(neutrino)	
beam	produced	by	the	collision	
between	J-PARC’s	30	GeV	proton	
beam	and	a	graphite	target	

•  Near-far	detector	method	to	
determine	neutrino	oscilla(on	
parameters	

•  Detectors	placed	at	2.5	degrees	off-
axis	measuring	neutrino	beam	
peaked	at	0.6	GeV	
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•  CCQE	and	CC-RES	are	the	dominant	
neutrino	interac(on	modes	for	T2K	

•  CCQE:	signal	channel	for	neutrino	
detec(on	

•  CC-RES	misiden(fied	as	CCQE:	wrong	
neutrino	event	rate	and	reconstructed	
energy	

T2K		
Work-in-
Progress		

T2K		
Work-in-
Progress		

Charged-Current	Quasi-Elas7c		 Charged-Current-Resonant-
Pion-Produc7on	

Near	Detector	Fit	
•  Near	detector	fit:	piecewise	likelihood	maximiza(on	
method:	
• A	

•  Using	the	available	framework	perform	a	fit	to	the	SI	
parameters	–	the	hadron-nucleon	cross	sec(ons	
(dials)	to	achieve	beTer	data/MC	agreement	

fit	

•  The	fit	will	
change	the	
distribu(ons	
of	the	
different	pion	
interac(ons	

dummy	drawing	of	
pion	interac(ons	

dummy	drawing	of	
pion	interac(ons	

Sample	2:	TPC2	π+	sample	
• Enter	FGD2	from	TPC2	

Sample	1:	TPC1	π+	sample	
• Enter	FGD1	from	TPC1	
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Charge	Exchange	
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Absorp7on	+	Charge	Exchange	
	π+	on	C12	
• 			External	data		
---		GEANT4.9.4		
						Ber(ni	Cascade	
—		NEUT	5.3	


