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Physics Goals: Neutrino Oscillations 2
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Mass ordering
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Experiment overview 3

e e T = 2> 1E
Y
-_400 MeV LINAC ool £5
W

% 3GeVRCS ]
L‘L

FEEE

Super-Kamiokande
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Far detector: > v beam monitoring
* Observe neutrinos > Constrain uncertainties Neutrino beam
after propagation > v interaction production
* Study oscillations measurements




Near detector upgrade

years
* Will bring increased abilit
neutrino interactions

of FY2024

\_ 2024

Vo Significant T2K project over a number of\

* Detector installation completed beginning

* Data taking with full detector started June
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SK geomagnetic compensation coil issues
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Relative efficiency due to coil #5 issue




Data taking 6

Several data taking periods in FY2024
> First took data in June 2024, with full NDUpgrade detector but SK coil issue
> Data taking with SK coils repaired from end of Nov. 2024

19) Applications Places System = Bl(@ OTR Image Dispaly 2 (Linux DAQ) QIO

edmi ) (3 (% beam " _monitor_summary.ed! QIGIE Conmand venu
s Rt 520108 T TSt BTG, = Pausermesune] Rese Hstory| Save Curen inage| Toggle Stack Histos| Togae P At Frane| Togale Fiur, Event e Dtabase et Toggle 24 | Dunny Pec. gt —
| i Beam Timing(us) Proton#
NU monitor summar Event¥ 14306 Noninl —BLM e T Search Terminal Help
y Spilt 6768912 bunei: 10 —rta OTR History Images Posiion History | Sigma History
Shot 1dozaze! bonchs —SSEM Distance Corrected Image tmoging
Delivered proton number @ CToS (Runse) bincha N sbutor-client-ss inaging
6.21467+19 e z ~ = =
Delivered proton number @ CTOS (2010.1.1.+) bt T S e tbutor-client inaging
i H 5 |4.40578e+21 CTos 230e+14 bunchs: 5144 289+13 H 0702027 JET'SPINET0ws: e %2 Do 1d Fits inaging
- H
OTR_GABRIEL ° 10'F S5 k/distributor-client-s inaging
- | distributor ¢
ol bl o Lililill R A T R S Ll /distributor
00 o100 tak/distributor s inaging
R R SR som GO SOM  SORS  SOR  SOW  SOW  GOR  GORO  SORW  GOM2 GOMO  SORW RAENER PHIRVDY AR 10°F| ftak/distrib B inaging
o 2 ] T
inaging
T 15 1 ] ¥ £ 1 1 | ‘t2k/distributor imaging’
yoRlpy ARl L ! ! . ] 2 Alr 8 A8 1 /2K /distrib sanple/otr_inaging
| l tak/sis inaging
I ' ' '
Tak >/ 200m| Unzoom|Reset| | clear G ot
home/dagkun/workspace/develop/jnu_bear () (=) =
‘ 920109 Event: 14307 PiotRange = (1250, 0] evens fom st T
Hisory Po | Wavstom i S14-CTS Tine aif,| Conslaton Pot
un: 921111 l | I | - | ot
402526 ] o= ” oYoIS SiTotal/CTO5 History Si ConterHistory szom S e i
MR Shot# ) SI/CT 6161 nCH0"p | siieT  sssncnoh
(2024/12/07 02:09:56) ] ? 0 5 0 s ak  3202nCich
111 | | Last shot MR Power is (kW] Peak 3202nCich | o Yemt
NU Run# 920109 (2024/12/07 02:09:56) . sior v e 010 348
# P o 855 6
Frent 14306 MR DCCT_073_1 measurement 2.2789e+14 [protons per spill] < Conter-0.40 345 | S i
Event# 4306 . ) b R
5 Ty el Si 855 3.6 g
NU CT01 measurement : 2.2956e+14 [protons per spill] D AR ey gma. 9 cicr gty
Spill# 6768912 eI Fredlction oM pArametarvalics | ooty 16 Gonteristoy _caom e pa s
. Ll current. 62.57 [mA] IC/CT 228.0 pC/10™ 21 s
Deliv. p# 5 : Expected PPP:  2.1169¢+14 g ‘ Ll som 21 o4
6.21467e+19 MR micro pulse: 400 [usec] 22
(this J-PARC run) E PPB:  2.6462¢+13 | Peak 1.360 nC/ch T Sum 4324 nc
MR chop width: 455 [nsec] xpected : ! e+ » 4 Xtom Viem | EMT/CT 1882pC0"
H MR thinning: 106/128 -4 B “ I} Peak. 1.360 nCich
Deliv. p# 4.40578e+21 . Expected Power: 806 [kW]! R A : | Center1.02  -359 | Xem  view
z . MR # of bunch 8 %
(2010/Jan/1~) (TP v 4 sigma 921 94.9 cemer 1,02 359
—— 72706 6750 72106 T7:00 TEI06 TEI50 2106 T7:00 LAs i w1 s
& B M. O edmi. [ fomed. O emil. [ MateTe.. [ edml-.. [ /Momed.. @ MateTe.. []edml.. [ edm I |0 /homefi] ) MUMON. o ScShot. oI OTRIm. [ MUMON e NET J J

* Achieved stable operation at 805 kW
Collected 2.26e20 POT between 2024/11/25 and 2024/12/23

» Collected data in anti-neutrino running mode for the first time since 2017

* Additional data taking this fiscal year in Feb.-Matr.



New oscillation results: run 1-11 analysis 7
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Analysis update in preparation

ND280 acceptance

Current
analysis

Next
analysis

* 0->~20% efficiency in
backward region

* Will be further improved by
ND upgrade

C. Giganti @ Neutrino 2024

SK acceptance
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Publication: joint analysis with SK atmospheric

9

Result of the first joint analysis of T2K and Super-Kamiokande data was published in
PRL as Editor’s suggestion: Phys. Rev. Lett 134, 011801 (2025)
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ON THE COVER
Probing Critical States of Matter on a Digital Quantum
Computer

24 DECEMBER, 2024

Abstract representation of a 128-site multiscale entanglement renormalization ansatz on a
quantum computer.

Reza Haghshenas et al.
Phys. Rev. Lett. 133, 266502 (2024)
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EDITORS' SUGGESTION
First Joint Oscillation Analysis of Super-Kamiokande
Atmospheric and T2K Accelerator Neutrino Data

2 JANUARY, 2025

The T2K and Super-Kamiokande collaborations team up to disfavor CP conservation in
neutrino oscillations at the 2z level.

K. Abe et al. (Super-Kamiokande Collaboration, T2K Collaboration)
Phys. Rev. Lett. 134, 011801 (2025)
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Budget

* T2K received 100,000 JPY in JFY2024 from ICRR Inter-University Research
Program

* This budget was used for travels to Kamioka

* We are very grateful for this support
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Summary 11

T2K studies neutrino oscillations, in particular the open questions of CP symmetry
and mass ordering using a beam of neutrinos produced by an accelerator

Upgrade of near detector was completed, first data with full detector in June 2024
Part of the data taken in FY2024 were affected by SK geomagnetic coil problem.
After installation of new coils in summer 2024, successful data taking in Nov.-Dec.,
with additional data taking planned by the end of the FY

During this period, reached stable beam operation at 805 kW

New oscillation analysis results presented at neutrino 2024, using 9% additional
data and improved far detector model

New analysis in preparation, using for the first time “41m” selections at the near
detector

First joint analysis of T2K and Super-K atmospheric data was published in PRL
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Neutrino oscillations 13

p+

Propagation

Flavor eigenstates Mass eigenstates

(interaction) _ < (propagation)

Mixing (or Pontecorvo-Maki-Nagawa-Sakata) matrix
link between the two sets of eigenstates

P(Va - vp) oscillates as a function of distance L
traveled by the neutrino with periodicity Amz2;L/E

(Am2Zjj=m2i-m2;)



Neutrino oscillations 14
Parameters

0 0 1

cig Si2 0
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(cij = cos(6i), sij = sin(6i))

a—Vp) depends on 6 parameters: |
> 3 mixing angles : | -

012, 023, 013
> 2 mass splittings : Amz;
> 1 (complex) phase :
\_ The CP phase 0 _ y

~ = [piference in oscilatons v/ |

—» | Periodicity

P(v,?v,,U)=P(v >V, U)
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