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The Tokai-to-Kamioka (T2K) experiment!
-."!45&64!$!70!859!!µ!:5$;!$<=>44!?$@$&!A>!4A)6B!&5)A=C&>!>4<CDD$E>&4!

!! #5$4)=5!!F!6C4$@@5$=$&<5!G"m2
32, #23H!

!! I5J<CA!>K!!µ!=$A5!$&6!6C4A>=E>&!>K!!µ!5&5=LB!4@5<A=);!!

!! #5$4)=5!!e $@@5$=$&<5!G#13H!

!! MN<544!>K!!e =$A5!>O5=!:$<PL=>)&6!

!! Q):D5$6C&L!A5=;4!65@5&6!>&!;$44!%C5=$=<%B'!$CP 

Far detector: 

Super-Kamiokande 

located near Kamioka 

Beam source and near detectors: 

J-PARC accelerator complex  
located in Tokai-mura!
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!! R=5<C4C>&!;5$4)=5;5&A4!65@5&6!)@>&!)&65=4A$&6C&L!>K!4B4A5;$E<!5==>=4!!
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Neutrino interactions at T2K!
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M!!G!859H!!



Off-axis near detectors: ND280 !

P0D ECAL 

Barrel ECAL 
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Q)CA5!>K!&5$=!65A5<A>=4!4CA!]CA%C&!b+0!Gcd/[.-'!ef/!A>&4H!;$L&5A!

#5$4)=5!)&>4<CDD$A56!,,!!µ!=$A5!C&!-=$<P5=g!

!! (5)A=C&>4!C&A5=$<A!>&!*8I4!G<$=:>&!A$=L5AH!

!! #5$4)=5!D5@A>&!$&LD5'!;>;5&A);!$&6!Z$O>=!]CA%!-R,4!

!! Q5@$=$A5!45D5<E>&!C&A>!,,YM^DCP5!G,,YMH!$&6!$DD!>A%5=!,,!G,,&YMH!

!! ,,!T5!!=$A54!$D4>!;5$4)=56!C&!R/I'!-=$<P5=!

F!

TF!

TPC2 

FGD1 

Downstream 

ECAL 
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(h#!+!i.3'!fj0!

G./0/H!

@k!>=!Xk!

(I.e/!,,&YM!!µ 

<$&6C6$A5!



Off-axis near detectors: ND280 (ND) !

P0D ECAL 

Barrel ECAL 
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Q)CA5!>K!&5$=!65A5<A>=4!4CA!]CA%C&!b+0!Gcd/[.-'!ef/!A>&4H!;$L&5A!

#5$4)=5!)&>4<CDD$A56!,,!!µ!=$A5!C&!-=$<P5=g!

!! (5)A=C&>4!C&A5=$<A!>&!*8I4!G<$=:>&!A$=L5AH!

!! #5$4)=5!D5@A>&!$&LD5'!;>;5&A);!$&6!Z$O>=!]CA%!-R,4!

!! Q5@$=$A5!45D5<E>&!C&A>!,,YM^DCP5!G,,YMH!$&6!$DD!>A%5=!,,!G,,&YMH!

!! ,,!T5!!=$A54!$D4>!;5$4)=56!C&!R/I'!-=$<P5=!



Far detector: Super-Kamiokande (SK)!

"!#$%&'!()*+,-!

!! ..[fPA>&!J6)<C$D!;$44!,%5=5&P>O!65A5<A>=!
G]$A5=!A$=L5AH!

!! 00'0.j!C&&5=!=5LC>&!R#-4!

!! 0eef!>)A5=!O5A>!=5LC>&!R#-4!

!! Q5D5<A!!e!5O5&A4!K=>;!=C&L!4%$@5!$&6!
A>@>D>LB!
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!e!$@@5$=$&<5!$&$DB4C4!

QCL&$Dg!,,!!e !

!µ!A>!!e!>4<CDD$E>&!!

c$<PL=>)&6g!,,!!e 

h==56)<C:D5!:5$;!!e 

c$<PL=>)&6g!(,!!µ 

#C;C<4!,,!!e 



(5)A=C&>!Z)N!@=56C<E>&!

Oscillation analysis strategy!
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(5)A=C&>!<=>44!45<E>&!

@=56C<E>&!

(5)A=C&>!5O5&A!=$A5!<>&4A=$C&A!

)4C&L!(I!,,YM!$&6!,,&YM!!µ!

6$A$!4$;@D54!

(5)A=C&>!5O5&A!=$A5!$A!Q"!G!µ'!T5H'!

]CA%!=$A5!<>==5<E>&!$&6!=56)<56!!

)&<5=A$C&E54!K=>;!(I!!

I5A5=;C&5!>4<CDD$E>&!@$=$;5A5=4!

!µ!6C4$@@5$=$&<5g!!"m2
32, #23 !

T5!$@@5$=$&<5g!#13!

m!GMTH! n!GMTH!

(!d!m!N!n!N!o!
QA5@]C45!$@@=>$<%g!

!!!QA=>&L!<>&4A=$C&A!]%5=5!

Z)N'!<=>44!45<E>&!C4!4$;5!

$A!Q"'!(I!

!!!S5$P5=!<>&4A=$C&A!

]%5=5!$<<5@A$&<5'!

5p<C5&<B!C4!6Cq5=5&A!



rq^$NC4!G&$==>]!:$&6H!&5)A=C&>!:5$;!

*\b"+185$&A`!:5$;!4C;)D$E>&!

b&>4<CDD$A56!Z)N!$A!Q"g!

!! !µ K=>;!Xl, "!65<$B!

!! 70s!!
e
!K=>;!µ, "!65<$B!

Neutrino flux prediction!

"!#$%&'!()*+,-!

R=56C<E>&!$&6!)&<5=A$C&E54!65A5=;C&56!

:B!5NA5=&$D!>=!C&^4CA)!;5$4)=5;5&A4!

!! X'!"!@=>6)<E>&!K=>;!(+i0!5N@5=C;5&A!
R%B4[a5O[,!e3'!/`3i/3!G./00H!

R%B4[a5O[,!ef'!/`f.0/!G./0.H!

!"#$%&'(%)(*"+(,-%)#(*./0102('"''%-)3(45(6789:;(
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Neutrino flux at ND and SK!
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(I!4$;@D54!=5@=545&A!!µ!Z)N!

!! !µ K=>;!X!65<$Bg!,,YM'!,,&YM!4$;@D54!

!! !µ K=>;!"!65<$Bg!,,&YM!4$;@D5!



Neutrino flux at ND and SK!
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Neutrino flux at ND and SK!

"!#$%&'!()*+,-!./0.1/21.3! 00!

,,!:$<PL=>)&6!K=>;!:5$;!!
e
!C4!

!4A=>&LDB!<>==5D$A56!]CA%!!µ!Z)N!$A!(Ig!

00!

@^t!>K!@C>&4!]%C<%!!

@=>6)<5!!µ!C&!(I!

@^t!>K!@C>&4!]%C<%!

@=>6)<5!;)>&4!

]%C<%!65<$B!A>!!
e
!

Xl! µl!

!µ!!

!
e
!!!

e+!!!

!µ!!



Neutrino interaction uncertainties!
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,=>44!45<E>&!;>65D!G(Mb-'!8M(hMH!<>;@>456!>Kg!

!! c$45!;>65D!@=56C<E>&!!

!! *C&$D!4A$A5!C&A5=$<E>&!;>65D!G*QhH!
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NCX+ to NCX0 

,=>44!45<E>&!;>65D!)&<5=A$C&E54!45A!K=>;!JA4!A>!#C&Cc>>(M!6$A$!GM!!7!0!859H!K>=!

4CL&$D!$&6!:$<PL=>)&6!G,,YM'!,,0X!$&6!(,X0H!C&A5=$<E>&4!

!! QC&LD5!@C>&!G,,!$&6!(,H!C&A5=$<E>&!6$A$45A4!JA!4C;)DA$&5>)4DB!

G+"#$%&'(%)(<:78'(*.1('"''%-)(=;(>5(?-+8%@7"'A!

!! Q<Cc>>(M'!"."!6$A$45A4!)456!$4!<=>44!<%5<P!

T!
@!

T!

X0!X+!
W++!

@!

&!

@!16O 



Neutrino interactions at ND and SK!
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,,YM!$&6!,,0X!$=5!A%5!D$=L54A!C&A5=$<E>&!;>65!C&!(I'!Q"!4$;@D54!

,$O5$A4g!

!! +<<5@A$&<5g!(I!4$;@D5!C4!K>=]$=6!L>C&L!G4;$DD!$&LD5'!D>]!Y.H!!

!! MNA5=&$D!6$A$!<>O5=4!D$=L5=!Y.!G#C&Cc>>(M'!3X!,%5=5&P>O!65A5<A>=H!

!! -$=L5Ag!(I!45D5<E>&!C4!,'!Q"!C4!r!!

!! ,^r!;>65D!65@5&65&A!)&<5=A$C&E54!C&<D)656!
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Neutrino interactions at ND and SK!
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!! h&6C=5<A!<>&4A=$C&A!>&!(,!G0X/H!A%=>)L%!

!,,0X!C&!(I!;5$4)=5;5&A!

!! +66CE>&$D!(I!45D5<E>&!>K!(,X/!]CA%!

!R/I!65A5<A>=!

!! (>!#C&Cc>>(M^:$456!A)&C&L!
$@@DC56!%5=5!

I$A$!

(,X/!4CL&$D!l!:$<PL=>)&6!

c$<PL=>)&6!>&DB!



(5)A=C&>!Z)N!A5=;!

ND280 constraint fit pieces!
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(5)A=C&>!<=>44!45<E>&!A5=;!

*D)N!@$=$;5A5=C_$E>&'!K!

!! (>=;$DC_$E>&!>&!MT!:C&4!

!! 00!:C&4!K>=!!µ!!Z)N!

,=>44!45<E>&!@$=$;5A5=C_$E>&'!N!

!!,>;:C&$E>&!>K!&>=;$DC_$E>&!$&6!;>65D!
@$=$;5A5=4!
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(5)A=C&>!Z)N!A5=;!

ND280 constraint fit pieces!
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(5)A=C&>!Z)N!A5=;!

ND280 constraint fit pieces!
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I5A5=;C&5!>4<CDD$E>&!@$=$;5A5=4!

#$=LC&$DC_5!>O5=!
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(I1Q"!N45<!@$=$;5A5=4!

GKV'!NVH!
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r4<CDD$E>&!@$=$;5A5=4'!>!

!µ!6C4$@@5$=$&<5g!!!

"m2
32, #23 !

T5!$@@5$=$&<5g!#13!

+@@DB!A)&56!KV'!NV!

@$=$;5A5=4!A>!Q"!!

@=56C<E>&!



ND280 likelihood!
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ND280 likelihood!
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ND280 likelihood!
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R=C>=!<>&4A=$C&A!A5=;4!K>=!Z)N'!<=>44!45<E>&!@$=$;5A5=4!!

!! 9K!$&6!9N!$=5!<>O$=C$&<5!;$A=C<C54!

!! I5A5=;C&56!)4C&L!C&^4CA)!$&6!5NA5=&$D!6$A$45A4g!

!:5$;!;>&CA>=4'!(+i0'!#C&Cc>>(M!
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ND280 likelihood!
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R=C>=!<>&4A=$C&A!DCP5DC%>>6!A5=;4!K>=!

!65A5<A>=!4B4A5;$E<!5==>=4!

!! +D4>!C&<D)654!)&<5=A$C&E54!G5[L[!*QhH!]%C<%!
<>)D6!&>A!:5!>A%5=]C45!5$4CDB!@$=$;5A5=C_56!

!! I5A5=;C&56!K=>;!<>&A=>D!4$;@D54'!<$DC:=$E>&!
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+ ln(
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Detector systematic errors!
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ND measurement results!
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Effect of ND measurement on !e signal, background!

!! a$A5!>K!!5!4CL&$D!$&6!:$<PL=>)&64!

!!!!]CA%>)A!(I!;5$4)=5;5&A!$&6!

!]CA%!(I!;5$4)=5;5&A!

!! b&<5=A$C&AB!5&O5D>@5!K=>;!

!<>&4A=$C&56!Z)N'!<=>44!45<E>&!

!@$=$;5A5=4!!

!! h&<D)654!<>==5D$E>&!:5A]55&!Z)N!

!$&6!<=>44!45<E>&!$A!(I'!Q"!!
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Total systematic uncertainty for !e appearance!
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Total systematic uncertainty for !e appearance!
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`.!d.[3!N!0/
^`!59.'!4C&..#.`d0[/!

MO5&A!@=56C<E>&4!&>=;$DC_56!:B!(I.e/!

a56)<E>&!C&!A>A$D!)&<5=A$C&AB!K=>;g!

!! a56)<56!C&6COC6)$D!)&<5=A$C&E54!G5[L[!K$=!

65A5<A>=!$&6!Z)N!)&<5=A$C&E54H!

!! h;@=>O56!)45!>K!(I!C&K>=;$E>&!

I5A5=;C&5!4C&..#0`!K=>;!!

!5!<$&6C6$A54V!=$A5!$&6!!

PC&5;$E<!6C4A=C:)E>&4!

6-8"(+"#$%&'(%)(B8%(9&")$8;('"''%-)(CD5(6E.8"FA(

?799&'3"D>$%2P$L"3:

"3%Q+&$3$%Q121&&

?;O& 9<O&



Summary!

"!#$%&'!()*+,-!

R=5<C4C>&!;5$4)=5;5&A4!>K!&5)A=C&>!;CNC&L!@$=$;5A5=4!=5u)C=54!C&<=5$456!<>&A=>D!!

>O5=!4B4A5;$E<!)&<5=A$C&E54g!

!! !µ!6C4$@@5$=$&<5!G"m2
32, #23 H!!$&6!!5!$@@5$=$&<5!G#13 H!

*>=!A%5!-."!!5!!$@@5$=$&<5!$&$DB4C4'!A%5!4B4A5;$E<!5==>=4!$=5!<>&4A=$C&56!A>!70/s!!

>&!A%5!K$=!65A5<A>=!5N@5<A56!!5!=$A5!)4C&L!6$A$!K=>;!A%5!&5$=!65A5<A>=!

!! h;@=>O5;5&A!4C&<5!./00!=54)DA!G7..sH!

!! !!µ!6C4$@@5$=$&<5!=54)DA4!]CDD!:5!)@6$A56!4>>&!]CA%!A%5!C;@=>O56!!

!&5$=!65A5<A>=!<>&4A=$C&A!

*)A)=5!-."!$&$DB454!]CDD!5NA5&6!A%5!<)==5&A!(I!;5$4)=5;5&A!A>!C&<D)65g!

!! #>=5!<>&A=>D!4$;@D54!G,,0X!45D5<E>&H!

!! c$<P]$=6!L>C&L!A=$<P4!K>=!C&<=5$456!$<<5@A$&<5!

!! ,$=:>&!$&6!]$A5=!A$=L5A!<>;@$=C4>&4!
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Backup slides!
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Core of analysis: Flux parameterization !

./0.1/21.3! "!#$%&'!()*+,-!

Flux parameterization: fi 
Normalization on E! bin i for SK and ND samples 

Current binning for T2K flux: 

!!!µ: 0.0-0.4, 0.4-0.5, 0.5-0.6, 0.6-0.7, 0.7-1.0, 1.0-1.5,1.5-2.5, 2.5-3.5, 3.5-5.0, 5.0-7.0, 7.0-30.0 

GeV    (11 bins each ND and SK samples, index 0-10 and 11-21) 

!!!µ: 0.0-1.5, 1.5-30.0 GeV   (2 bins, SK sample, index 22-23) 

!!!5!: 0.0-0.5, 0.5-0.7, 0.7-0.8, 0.8-1.5, 1.5-2.5, 2.5-4.0, 4.0-30.0 GeV (7 bins, index 24-30) 

!!!5!: 0.0-2.5, 2.5-30.0 GeV  (2 bins, SK sample, index 31-32) 

(5)A=C&>!Z)N!@=56C<E>&!

.j!



Flux parameterization !

./0.1/21.3!
`/!

"!#$%&'!()*+,-!

Correlations in flux covariance are shared  

hadron production uncertainties  

Flux covariance built from measurements  

of beam or external data (e.g. NA61) 

Correlations between flux bins 

ND !µ ! SK !µ! SK !5!

(5)A=C&>!Z)N!@=56C<E>&!

Flux parameterization: fi 
Normalization on E! bin i for SK 

and ND samples 



T2K neutrino flux uncertainties!

"!#$%&'!()*+,-! `0!./0.1/21.3!

!µ Z)N!K=$<E>&$D!)&<5=A$C&E54 



Cross section parameterization !

./0.1/21.3!
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"!#$%&'!()*+,-!

,=>44!45<E>&!@$=$;5A5=C_$E>&g!NP!

#>65D!@$=$;5A5=4g!

•!!#+YM!$&6!#+aMQ!G;>6CKB!Y.!

6C4A=C:)E>&!>K!YM!$&6!=54>&$&A!

0@C!<=>44!45<E>&4H!

•!!*5=;C!;>;5&A);!G@*H!@=>OC654!

D>]!Y.!%$&6D5'!$&6!C4!A$=L5A!

65@5&6$&A!G,!O4[!rH!

•!!Q@5<A=$D!K)&<E>&!}!a*8!;>65D^

;>65D!6Cq5=5&<5!C4!$D4>!A$=L5A!

65@5&6$&A!

(>=;$DC_$E>&4!@=>OC65!>O5=$DD!

4<$DC&L!C&65@5&65&A!>K!Y.!>&!$!

@$=E<)D$=!C&A5=$<E>&!

+@@DB!<=>44!45<E>&!A>!>:45=O$:D54!

$A!(I'!Q"!)4C&L!=5]5CL%E&L!

A5<%&Cu)54! >$8$G"#"8(H$&7"3(7)E"8#$%)#;(%'("I#8$9-&$#"+(#-(4J('$G9&"(

>$8$G"#"8(H$&7"3(7)E"8#$%)#;(%'(+"#"8G%)"+(K8-G(

6%)%L--MN('%)@&"(9%-)('$G9&"'(



ND CCQE and CCnQE !µ samples!

"!#$%&'!()*+,-!

,,!C&<D)4CO5!!µ!<$&6C6$A5!45D5<E>&g!

0[!a5u)C=5!&>!A=$<P4!C&!-R,0!GO5A>!!!C&A5=$<E>&4!)@4A=5$;!>K!*8I4H!

.[!Q5D5<A!5O5&A4!]%C<%!>=CLC&$A5!C&!*8I0!J6)<C$D!O>D);5!

`[!b45!A%5!%CL%54A!;>;5&A);'!&5L$EO5!-R,.!A=$<P!

3[!Q5D5<A!F!K=>;!-R,!6M16N!C&K>=;$E>&!A>!65A5=;C&5!Z$O>=!>K!&5)A=C&>!

./0.1/21.3!

Q5@$=$A5!4$;@D5!C&A>!A]>!4):4$;@D54'!,,YM!5&%$&<56!$&6!,,&YM!5&%$&<56!

,,YM!5&%$&<56g!0!-R,^*8I!;$A<%56!A=$<P'!&>!65<$B!5D5<A=>&!C&!*8I0!

,,&YM!5&%$&<56g!$DD!>A%5=!,,!C&<D)4CO5!

Dataset shown here: 

1.43 x 1020 POT 

Prediction includes 

NA61, MiniBooNE 
(external) data 

tuning 



Flux parameters change after ND measurement!

./0.1/21.3!
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!µ Z)N!@$=$;5A5=4!$A!(I 

!
e Z)N!@$=$;5A5=4!$A!Q" 

!µ Z)N!@$=$;5A5=4!$A!Q" 

!! *D)N!@$=$;5A5=4!

!!!!]CA%>)A!(I!;5$4)=5;5&A!$&6!

!]CA%!(I!;5$4)=5;5&A!



Covariance!

./0.1/21.3!
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"!#$%&'!()*+,-!

!µ'!!5!Z)N54!$=5!<>==5D$A56!$<<>=6C&L!A>!5NA5=&$D!6$A$!$&6!%>]!Z)N!

$A!(I'!Q"!C4!4%$=56!

,>==5D$E>&4!:5A]55&!(I'!Q"!4%$=56!<=>44!45<E>&!@$=$;5A5=4!

65A5=;C&56!K=>;!5NA5=&$D!6$A$!JA4!

!µ $&6!<=>44!45<E>&!@$=$;5A5=4!@=C>=!A>!(I!;5$4)=5;5&A 



Covariance post-ND measurement!

./0.1/21.3!
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"!#$%&'!()*+,-!

*D)N!$&6!4%$=56!<=>44!45<E>&!:5<>;5!<>==5D$A56!

!µ $&6!<=>44!45<E>&!@$=$;5A5=4!$~5=!(I!;5$4)=5;5&A 
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!µ disappearance results!
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!! IC4$@@5$=$&<5!6C4A>=A4!5&5=LB!4@5<A=);!
$&6!=$A5!>K!!µ !<$&6C6$A54!

!! `0!5O5&A4!@$44!!µ!45D5<E>&!]CA%!!

!!!0/`[il0`[e^0`[3!!5N@5<A56!K>=!&>!>4<CDD$E>&!!

Reconstructed energy (GeV)
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Best-fit oscillation hypothesis

T2K Run 1+2 data

a5<>&4A=)<A56!5&5=LB!M! G859H!
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#h(rQg!R%B4[!a5O[!\5x[!0/0'!0`0e/.!G.//eH!!

Q)@5=^"g!R%B4[a5O[I20g00.//f!G.//fH!

0E>>$DQ&"R&

E3=5D#$23L51&

IJ&1243$%&

S>?
?;&T?UV&W&97

:;&5A?&

123??X?;T9U7&&&

T!!Z)N! z3[es!

T!!C&A5=$<E>&4! le[`!^e[0s!

(5$=!65A5<A>=! li[.!^f[js!

*$=!65A5<A>=! z0/[`s!

->A$D! l0f[3!^0f[0s!

R%B4[!a5O[!I!ef'!

/`00/`GaH!G./0.H!

 

P(!µ "!
x#µ ) $ sin

2
2%23 sin

2 &m32

2
L

4E

' 

( 
) 

* 

+ 
, 



Canada 

TRIUMF 

U of Alberta 

U of B Columbia 

U of Regina 

U of Toronto 

U of Victoria 

U Winnipeg 

York U 

France 

CEA Saclay 

IPN Lyon 

LLR E Poly 

LPNHE-Paris 

Germany 

RWTH Aachen U 

Italy 

INFN Bari 

INFN Roma 

Napoli U 

Padova U 

Japan 

ICRR Kamioka 

ICRR RCCN 

KEK 

Kobe U 

Kyoto U 

Miyagi U of Ed 

Osaka City U 

U of Tokyo 

Korea 

Chonnam Nat’l U 

Dongshin U 

Seoul Nat’l U 

Poland 

NCBJ 

IFJ PAN 

T U Warsaw 

U of Silesia 

Warsaw U 

Wroclaw U 
Russia 

INR 

Switzerland 

Bern 

ETH Zurich 

U of Geneva 

UK 

U of Oxford 

Imperial C London 

Lancaster U 

Queen Mary U of L 

Sheffield U 

STFC/RAL 

STFC/Daresbury 

U of Liverpool 

U of Warwick 

USA 

Boston U 

Colorado State U 

Duke U 

Louisiana State U 

Stony Brook U 

U of California, Irvine 

U of Colorado 

U of Pittsburgh 

U of Rochester 

U of Washington 

The T2K Collaboration!

Spain 

IFIC, Valencia 

IFAE, Barcelona 

"!#$%&'!()*+,-!

Italy 

INFN Bari 

INFN Roma 

Napoli U 

Padova U 

./0.1/21.3! `e!



TPC dE/dx particle ID!

Energy loss of the particle (dE/dx) can be used to separate particle type 

dE/dx resolution for MIPs is 8% 

Probability for a muon between 0.2 and 1.0 GeV to be identified using dE/dx 

 as an electron is less than 0.2% 

PID “pull” variable 

"!#$%&'!()*+,-!./0.1/21.3! `j!



ND280 beam !e rate cross-check (I)!

310010.! 3/!

Q5D5<A!!5!<$&6C6$A54!$A!(I.e/!]CA%!-R,!

RhI!A>!<%5<P!=$A5!>K!C&A=C&4C<!:5$;!!5!!

+66CE>&$D!:$<PL=>)&64!A>!!5!45D5<E>&'!

;5$4)=56!OC$!<>&A=>D!4$;@D54!

!! µ!;C4C65&EJ56!$4!5!

!! 5!K=>;!@%>A>&!<>&O5=4C>&!!G@%>A>&4!
5;Cx56!C&!!µ!C&A5=$<E>&4!C&!*8I!$&6!
>A%5=!4):65A5<A>=4H!

a$E>!>K!>:45=O56!!5!1!!µ!5O5&A4!C4!<>&4C4A5&A!]CA%!)&A)&56!@=56C<E>&!

(G!5!H1!(G!µH!d!aG5gµH!d!0[/s!z!/[2s!G4A$E4E<4H!z!/[`s!G4B4A5;$E<4H!

aG5gµ'!6$A$H!1!aG5gµ'!#,H!d!/[i!z!/[3!G4A$E4E<4H!z!/[.!G4B4A5;$E<4H!

h;@=>O5;5&A4!A>!A%5!$&$DB4C4g!

!! h;@=>O56!=5�5<E>&!>K!:$<PL=>)&64!]CA%!M,$D4!

!!#>=5!6$A$g!.[ee!N!0/0j!Rr-!4%>]&!%5=5!

!5!45D5<E>&!<$&6C6$A54!

O4[!;>;5&A);!

"!#$%&'!,>D);:C$!ÄMR!45;C&$=!



ND280 beam !e rate cross-check (II)!

310010.! 30!

Q5D5<A!%CL%!5&5=LB!,,!!!5!!<$&6C6$A54!]CA%C&!A%5!R/Ig!

!! a5<>&4A=)<A56!A=$<P!;$A<%56!C&!N'B!]CA%!O5=A5N!C&!*9!<>&4C4A5&A!]CA%!$&!
4C&LD5!M#!4%>]5=!G=5�5<A!X/!;)E@D5!@%>A>&!4%>]5=4!$&6!;)>&4H!

!! R=C;$=B!:$<PL=>)&64!$=5!ÄM!X/!5O5&A4!

,>&4C4A5&A!]CA%!<)==5&A!)&A)&56!#,g!

6$A$^:P=6G#,H14CLG#,Hd!a!!d!0[0j!z!/[0fG4A$E4E<4H!z!/[.i!G4B4A5;$E<4H!

!5!45D5<E>&!<$&6C6$A54!

O4[!5&5=LB'!$44);C&L!YM!

"!#$%&'!,>D);:C$!ÄMR!45;C&$=!


