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@ Character illustrations by
AKIMO

THE T2K EXPERIMENT s oo Scphys.Kyoton s0 o/

nucosmos/en/files/NF-pamph-EN.pdf
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THE NEAR DETECTOR COMPLEX

to SK Multiple different detectors
Different angles - different E spectra

ey o Disentangle flux and cross-section
effects
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IMPORTANT FOR OSCILLATION

* Cross sections have I-Ring 4 _I-Ring e _
direCt inﬂuence on current Eizr;oclil - (ND unconstrained) 115_ 1\5).1 12\.)2 122(1.'8 v
oscillation measurements g Mo LG L
— | arto S St_ SK FSI+ SI+ PN 2.2 2.0 3.0 2.3 11.4 1.6

Ur?cgrtaintieg Of T2K Scp im0 Enerey 00 00 iy
measurement NC Other 03 08 02 os o oo

« Will need to constrain o Caors 00 00 26 214 26 11

further as cross section All Systematics [%p] 5.1 45 8.8 71 184 6.0

models evolve to reach
future physics goals @
Hyper-Kamiokande

[Phys. Rev. D 103, 112008 (2021)]
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https://doi.org/10.1103/PhysRevD.103.112008

Recent official results
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THE OFF-AXIS DETECTOR ND280

* Most important bits today: SEE s

 FGD (Fine Grained Detector)
— Active CH target

DDDDDDDDDD

- PID (Particle ID) e, wea
- Momentum

* Magnet

= i

"
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CHARGED CURRENT
COHERENT ON C @ ND280

ND280
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CHARGED CURRENT

COHERENT ON C @ ND280

» Update of 2016 v, measurement

* Reduced uncertainties — Better constrain of oscill. background

« Compatible with both Berger Sehgal (NEUT)
and Rein Sehgal (GENIE)

@ T AR AR AR LARRE R
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- 4 . i
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[arXiv: comlng soon]
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CHARGED CURRENT
COHERENT ON C @ ND280 &

* Our first anti-v, measurement , B

* Compatible with Berger Sehgal (NEUT)
- Rein Sehgal not excluded (GENIE)
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THE ON-AXIS DETECTOR INGRID

e Standard modules for beam monitoring
- Actually span off axis-angles

 Proton module for cross sections
- On-axis

- PID via dE/dx
& '[I‘aCk Iength Proton Module Standard module

I

- Momentum Wi BESREREEE
by track

length

Proton Module
Standard modules (CH)
(Fe & CH)
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COMBINED ON-OFF-AXIS
CHARGED CURRENT 0 PIONS

ND280

WAGASCI/
BabyMIND

* INGRID on-axis o 00" . &
« ND280 off-axis -‘gg i 0.50 < cos(8) < 0.82 %E 1af- 082<cos(t) <094 | oz 2=
- 5|5 7E Els 12F
I ‘ij 55‘ I e %:3 10f
* No charged pions 2 & AP
In final state o8 E S8 o L
» Combined fit, fully ™ = i | T2K
Correlated I’eSU|'[ ok 5405 o.lar;ﬂ n.'7'M 05" ofg ” 1 05563 o.IBM DEMr%L;mI{%a:% T
for tWO ﬂuxes uon Momentum (GeV/c) uon Momentum (GeV/c|
. . . 107
* Differential in 5 094 < cos(9) < 100 —}— oaea
: : Bl 12F
muon klnemancs ok Ali NuWro 21.09 LFG+Nieves
* 70 XSEC bins = o Emt4108
- 58 ND280 w‘éiﬁ j: | :t?EBLSs'.ség LFG+Nieves
12 INGRID s | GENIEV3 LFG+Nieves
— All models 54 63 o.lsr‘d n.'7M 08" ofg ", 1° =135.69
. L. . uon Momentum (GeV/c) ”:
insufficient [arXiv:2303.14228] Overflow not shown oo
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https://arxiv.org/abs/2303.14228

COMBINED ON-OFF-AXIS

CHARGED CURRENT 0 PIONS &

* INGRID on-axis
* ND280 off-axis
* No charged pions
in final state
e Combined fit, fully
correlated result
for two fluxes
 Differential in
muon kinematics
70 XSEC bhins
- 58 ND280
12 INGRID

- All models
insufficient

25/08/238 it M S

Model ND280 [ INGRID
Nominal MC (NEUT) 136.34 18.21 .
NEUT LFG+Nieves 106.46 11.46]116.26
NEUT SF+Nieves M4 = 1.03| 194.88 14.36]209.18
NEUT SF+Nieves M4 = 1.21| 158.71 9.981170.93
NuWro SF+Nieves 122.74 15.68|137.02
NuWro LFG+Nieves 125.88 12.751141.04
NuWro LEFG+SuSAv2 121.57 11.13]135.38
NuWro LFG+Martini 138.86 12.46]155.68
GENIE BRRFGH+EmpMEC | 141.40 12.80(156.05
GENIE LFG+Nieves 125.50 14.45]135.69

[arXiv:2303.14228]

Lukas Koch

T2K Preliminary

Squared Mahalanobis distances (x?)


https://arxiv.org/abs/2303.14228

COMBINED ON-OFF-AXIS
CHARGED CURRENT 0 PIONS & __

ND280

POD

BabyMIND 4 ;‘o‘d‘“\& o }
* INGRID on-axis o B0 o of &
> 85— 0.90 < cos(0) < 0.94 E : 0.94 < cos(0) < 0.98 /;?'-Pﬁﬁé mcmnh
* ND280 off-axis He CER o=
 No charged pions e Z .
in final state 9 .
» Combined fit, fully i ~a
Correlated reSUIt 00 0284708 OI‘;B"Iuo:\ N;o?n;n‘tu:nﬁiéeafci 00 Muon Momentum (GeWc)
for two fluxes
e Differential in “;;E j' 0.98 < cos(0) < 1.0 + Data > Most tension in Qn_
muon kinematics IR N0 21,08 LFGearn g i':les, forwa(;d-gomg,
. ; o —+ e £ low- to medium-
70 XSEC bInS gé 2r —— : ~ NuWro 21.09 LFG+Nieves @ moment :
- 58 ND280 s 22 141.04 o um region
12 INGRID : NuWro 21.08 LFG+SuSA ﬁ
~ All models T o o crEe = Consistent with
: . . other results
Insufficient [arXiv:2303.14228]
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https://arxiv.org/abs/2303.14228

Coming soon
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INTERMEDIATE ANGLE
WAGASCI & BABYMIND - |

* CH and water target WAGASCI -y
* CH target Proton Module (from INGRID) (e
* Muon spectrometer BabyMIND
* Muon Range Detectors (MRD)

ND280

Plastic
scintillators

Water tank

CH&
Magnetised steel /

Baby MIND

Proton Module WAGASCI
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INTERMEDIATE ANGLE
CHARGED CURRENT 0 PIONS 8 -, [¢

* No charged pions in final state
* Complex detector geometry

* Complex acceptance
* QOverall efficiency of ~20% and purity of 50% — 60% (depending on sample)

180
160
140
120
100
80
60
40

True W angle (Gp)

T2K Work In Progress

H.0

25/08/23? |

1500

True W angle (6“)

IlI|lIIIIIl|IlI|I

2000 2500 3000
True p momentum(Pu)

Lukas Koch

vy +A—p +0rt +X -

ND280
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T2K Work In Progress
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053
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1 1 | 1 1 I 1 1 1 1
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FUTURE: COMBINE ALL DETECTORS

 Work ongoing to harmonize
analyses of different detectors |
- Currently all use separate softwares s

- Minimise friction of combined analyses 4;5‘-.,,,,,9 ’
 Aim: combine data of all angles,

. . - "30001(103 ! ; : !
targets, Interaction topologles S ook L.—ND280_
imi g . — INGRID
- Maximise use of data g 2000 Mo 1

LT l"l'I'l'l"l'{'l"]'I'l'{'I'T'I"l'{'l'I'] .

— Disentangle flux & cross sections * tooo
- Test & develop models
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vy+n— w4+ KT+ AL

KAONS @ ND280 v +xtsx 4 ﬁ

- Kaons are important for proton v +p—= 4" + KT+ K 4p, g8 40

O
WO~
It

decay searches at SK and HK v +p— v+ K+ AL . B
. . IR 7 11
e First Kaon production v+p— p”+ KT +p,
measurement at T2K votn— u + KT +n
.. . H '
* Efficiency ~15%, Purity ~45% — 1800
© 1600 |
x =
035 3 O 1400 [
T2K :m p:lise_fpcease—s Ce ETZK ﬁjrn p;sse_gpoeﬂs&ﬁ ce 3 m -
0.3 ork In Clrcflm*dggneizled sfgnal AWork In CIO-M1K+dg:neTaied inJgnaI 4 © 1200
CC-1K” selected signal C CC-1K™ selected signal . = 4
50_25 Progress [ < fProgress L e . 'qg 1000 E- %
QCJ 0.2 1E — § BOGRE ‘ ;
% 0.15 E Ej-.l.‘_'_-|-+++-l_l-++ ] = 600 } = =
L o4 _ ++ e E 400 &
C --l-l--.-l- ] -
0.05 = R . L 200 = T2K Work In Progress
5 , |-||-||| C PR N S S AN TN TN T N TSRS NN TN TN T N T T S NN S ST S AU T 1
04 05 08 07 08 08 1 0""_-'10 o a0 s & °0 200 400 600 800 1000 1200 1400 1600
P (GeVic) 67 (deg) p""¢(MeV/c)
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OUTLOOK
 Better integration of all detectors
— Harmonized software I 2 BabyMIND

— More combined measurements @
. Ly / X
~- Correlate all the things! I 7

 Many measurements in the pipeline
- v,CC1K+on CH @ ND280

— CCOrmt on water and CH @ Wagasci
- NC1mo+ on CH/H,0 @ ND280

(anti-)v,CC1m+0 on CH/H,0 @ ND280

WAGASCI/

» Detector upgrade happening as we speak
— Better coverage of high angles

- Neutron kinematics
- [See] [these] [previous] [talks]

\ . x\u
Super-FGD (CH)
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https://indico.cern.ch/event/1216905/contributions/5456595/
https://indico.cern.ch/event/1216905/contributions/5530310/
https://indico.cern.ch/event/1216905/contributions/5450531/
https://indico.cern.ch/event/1216905/contributions/5459493/

Thank you!

TICFIK
R4 (S<s ...
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CC COH DETAILS

* v: 1.1e21 POT
 Anti v: 8.2e20 POT
 Signal

- P_mu > 200 MeV/c

- P_pi > 200 MeV/c

- cos(theta_mu) > 0.8

- cos(theta_pi) > 0.6
* Efficiency: 47% (30%)
e Purity: 42%

25/08/ 23 i i o
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CC OPI INGRID EFFICIENCY
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CC OPI INGRID EVENT DISTRIBUTIONS

25/08/23:
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CC OPI ND280 EFFICIENCY

25/08/23:
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CC OPI ND280 EVENT DISTRIBUTIONS
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CC OPI ND280 EVENT DISTRIBUTIONS
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CC 0PI ND280 EVENT DISTRIBUTIONS
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KAON DETAILS

» Kaon possible decay channel of proton p — K
* Atmospheric neutrino backgrounds

- NC  vyp— v, KTAY

-CC yN - uK*tN
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