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Japan Proton Accelerator Research Complex
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LINAC and ion source upgrade

• Linac energy increased with 
ACS installation in 2013:  
181MeV → 400MeV 

• Front-end system replaced 
with a new one to increase 
the peak current in 2014: 
30mA→50mA
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Coupling cell�

Coupling slot�
Accel. cell�

Accel. field�

Beam axis�Beam axis�

Pumping port�

The ACS system�

972 MHz "
Klystron�

Anode 
modulator�

Control (LLRF, HV..)�

The ACS (Annular-ring Coupled Structure linac) system"
 "
- Frequency : 972 MHz "
 - 21 accelerating modules"
 - 4 debuncher modeules�

400-MeV acceleration was achieved on Jan. 17, 2014.�

Before installation�

After installation�

New front-end system of the linac�

RFQ optimized for 50 mA"
�

RF-driven Ion Source�

New front-end system in the tunnel.�

During the 2014 summer shutdown period, the front-end system of the linac was replaced 
to increase the peak current to 50 mA. "
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Demonstration of 1 MW-eq. beam  �

8.41 x 1013 :1010 kW-eq.�

6.87 x 1013 :825 kW-eq.�

4.73 x 1013 :568 kW-eq.�

7.86 x 1013 :944 kW-eq.�

5.80 x 1013 :696 kW-eq.�

2015/1/10�

For 1-MW user operation, "
reinforcement of the anode power supplies 
of the rf power amplifiers is necessary.�
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Collimator section�

First arc section (near the dispersion peak)�

Mainly from foil scattering during injection�
8.41 x 1013�

6.87 x 1013�

4.73 x 1013�

7.86 x 1013�

5.80 x 1013�

Time (ms) �

BLM signals @ collimator & arc sections"

Longitudinal beam loss�

RCS (3GeV) power increase

5
1MW operation of RCS foreseen in FY2015
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MR power� Inj. loss� Accel. loss�

265 kW� ~ 100 W� ~ 300 W�

290 kW� ~ 150 W� ~ 500 W�

310 kW� ~ 200 W� ~ 900 W�

Beam power in the MR �

Present user operation�

More study time is needed to optimize chromaticity correction, betatron tune, rf patterns during 
acceleration."
-> The 300 kW user operation will be started soon."
"
For higher beam power > 300 kW, manipulation of bunching factor using second harmonic rf 
system is necessary. Operation with a second harmonic rf system will start in JFY2015.�

Main Ring (30GeV) high power trial

6
>300kW operation expected in 2015
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260kW → 320kW operation!
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Aim for ~350kW before summer 2015
Installation of compensation injection kicker scheduled in Apr. 2015

321kW

24/32 beam

~430kW possible
IF beam loss is reduced
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Mid-term plan of MR�

JFY� 2011� 2012� 2013� 2014� 2015� 2016� 2017�

Li. energy 
upgrade�

Li. current 
upgrade�

FX power [kW] (study/trial)�
"
SX power [kW] (study/trial)�

150"
"
3 (10)�

200 "
"
10 (20)�

200 - 240 "
"
25 (30) �

200 –300     
(400)"
20-50�

750"
"
100�

Cycle time of main magnet PS"
New magnet PS for high rep. �
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Present RF system "
New high gradient rf system"

Install. #7,8� Install. #9�

Ring collimators�
Additional 
shields�

Add.collimato
rs and shields�
(2kW)�

Add.collimat
ors (3.5kW)�
C,D,E,F�

Back to"
JFY2012"
(2kW)"

Add."
coll."
C,D"

Add."
coll."
E,F"

Injection system"
FX system�

Inj. kicker�

SX collimator / Local shields� SX collimator�

Ti ducts and SX devices with 
Ti chamber�

SX septum 
endplate�

Beam ducts� Beam  ducts�
"

ESS�

R&D�

Manufacture 
installation/test�

R&D�

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

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

Local shields�

FX: Rep. rate will be increased from ~ 0.4 Hz to ~1 Hz by replacing magnet PS’s, rf cavities, ...�
SX: Parts of stainless steel ducts are replaced with titanium ducts to reduce residual radiation dose. �

Manufacture 
installation/test�

- Budget request for the PSs was submitted as the  three-year plan, but it was not approved in JFY2015. �
- Beam power > 50 kW for SX will start after replacement of the HD target with newly developed one. 

MR power mid-term plan
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Long-term plan

• RCS energy increase to  
reduce space charge effect

• ~1.5MW

• New Booster Ring (8GeV)  
between RCS &MR

• >2MW

• New SC proton linac for  
neutrino beam 
(Conceptual study)

• ~9MW linac with  
>9GeV energy

• Using KEKB tunnel?
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Several ideas under discussion, towards multi-MW facility

3.2 GeV Inj: Ave Inj loss 1.5% "
(Total loss ~ Inj loss x1.5:  3 kW"
for MR 1.2 MW @1.2 s cycle)�

Simulation of beam survival in the injection period of the MR "
for the RCS 1MW eq. beam (4e13 ppb)"
 "

MR Injection Energy and Beam Loss"

3.4 GeV �

3.6 GeV �

6.0 GeV �

Time [s]�
0                  0.04               0.08                0.12                    �

0.94 �

1.0 �

0.96 �

0.98 � 3.4 GeV Inj: Ave Inj loss 0.75% "
(Total loss ~ Inj loss x1.5:  1.7 kW"
for MR 1.2 MW @1.2 s cycle)�

3.6 GeV Inj: Ave Inj loss 0.38% "
(Total loss ~ Inj loss x1.5: 0.92 kW"
for MR 1.2 MW @1.2 s cycle)�
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3.0 GeV �

3-50BT: 60π cut 2.4% loss (3.2 kW loss for 3GeV injection MR 1.2 MW @1.2 s cycle)"

3.0 GeV Inj: Ave Inj loss 3.2% "
(Total loss ~ Inj loss x1.5:  6 kW"
for MR 1.2 MW @1.2 s cycle)�

MR injection energy and beam loss
(simulation)

Beta & Dispersion for 1-superperiod"
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 The 8-GeV booster ring�

(x,x’)� (y,y’)�

@ 3GeV�

@ 8GeV�

ε>125.5π    ~0.04%�

ε>54π    ~0.06%�

Phase plot @ inj.(3GeV) & extr.(8GeV)�
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Injection energy "3 GeV "
Extraction  energy 8 GeV"
Circumference 696.666 m"
Superperiodicity "4"
Transition gamma  ~15 GeV"
Collimator Aperture 126π.mm.mrad 
Physical Aperture 189 π.mm.mrad�
�

8GeV booster ring
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• E11: Tokai-to-Kamioka (T2K) Long Baseline Experiment

• T32, T49: Liq. Ar TPC R&D (test beam)

• E56: A Search for Sterile Neutrino at J-PARC Materials  
and Life Science Experimental Facility

• P58:  A Long Baseline Neutrino Oscillation Experiment Using J-
PARC Neutrino Beam and Hyper-Kamiokande (→Shiozawa-san)

• T59: A test experiment to measure neutrino cross sections 
using a 3D grid-like neutrino detector with a water target 
at the near detector hall of J-PARC neutrino beam-line 

• T60: An emulsion-based test experiment at J-PARC 

• LoI: A nuPRISM Detector in the J-PARC Neutrino Beamline

Neutrino experiments at J-PARC

10
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Super-Kamiokande  
(ICRR, Univ.Tokyo)

J-PARC 30GeV PS  
(KEK-JAEA, Tokai)295km

 

Tokai-to(2)-Kamioka

295km

Intense proton beam from J-PARC
High quality off-axis beam

High performance near detectors
Gigantic, high performance far detector, Super-K
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T2K Collaboration
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Spokesperson: T.Nakaya (Kyoto) (from Feb. 2015)
International Co-spokesperson: C.K.Jung (Stony Brook)

Collaboration photo
Apr. 2014
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Accumulated POT (2010 Jan.–2014 Dec.)
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ν mode : 6.9×1020 POT
ν mode : 1.8×1020 POT
Total     :  8.7×1020 POT

Earthquake

HD accident

1.7×1014 protons per pulse: 
World record!

Anti-neutrino data
Results coming soon!

Presented results

anti-nu data
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Total POT
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Anti-neutrino data taking

15

Anti-ν event at ND

40 FCFV events at SK

1.8×1020 POT
by Dec. 2014

First event in anti-ν run at SK

May 2014

Now accumulating more data
Analysis ongoing, stay tuned!
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Neutrino oscillation analysis

16

Oscillation parameters

Fit of far detector data  
using PMNS model

Fit of near detector data

Near detector  
systematic uncertainties

Neutrino flux  
prediction

Neutrino cross 
section models

Far detector  
systematic 

uncertainties
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J-PARC neutrino beamline
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30GeV 
MR

Super-Conducting
Magnets

Muon Monitor

!+

Horn1 Installation!

!"#$%&&%'(")#*++,,-,-)(").%"/)01#$/)

Horn

μ+νμ

DecayVolume

Beam Dump

!"#$%&'()**
%+,-./0)*1234*5''(**
6'*72,8**5''(

*9.:-0*;,<0 =5

&+>*&5?*<.:/>< !"#$%&'()*+

,"#-.//0&+#1"#!)2%//)

3(%#345#/)26%/

-.2'/#7089%2#:%/;

TargetNear detector
(at 280m from target)

Beam monitors

J-PARC Neutrino beam facility

proton beam

to Super-K

Graphite, Φ26 x 
900 mm long

Helium cooling
110m length

3 Horns w/ 250kA

Si array 
+ IC array

intensity, position
profile

12



J-PARC neutrino experiments, M.Yokoyama (UTokyo)

T2K beamline status
• All horns were replaced with improved ones in 2013-2014

• Remote handling procedure was established.

• Now 500kW acceptable, improvement for 750kW ongoing

• Increase radioactive water/air disposal capability

• Inaccessible part (decay vol., beam dump) designed and 
built for multi-MW

18

Horn Replacement Work�
•  Replacement of horns was successfully done with 

remote handling. 
–  Remote handling for T2K horns were established.�

20th, July, 2014� 5th Open Meeting for Hyper-Kamiokande Project, Vancouver� 	
	
�

New Horn1 installation 
(Apr, 2014)�

New Horn2 installation 
(Feb, 2014)�

New Horn3 installation 
(Nov, 2013)�
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Beam stability (Jan.2010-Dec.2014)
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Excellent stability for whole run
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FIG. 1: The T2K unoscillated neutrino flux prediction at SK is shown with bands

indicating the systematic uncertainty prior to applying near detector data. The flux in the

range 8 GeV < E⌫ < 30 GeV is simulated but not shown. The binning for the vector of

systematic parameters, ~b, for each neutrino component is shown by the four scales. The

same binning is used for the ND280 and SK flux systematic parameters, ~bn and ~

bs.
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Neutrino flux prediction

20

• GEANT3 based beamline MC simulation
+ In situ proton beam measurements during run 
+ Tuned with hadron production measurements e.g. NA61 @CERN

• ~12% uncertainty at peak energy (before ND280 constraints)

• Still improving : latest NA61 results will be included soon, to go <10%

• Anti-neutrino (reverse horn current) flux with similar uncertainty
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Near detectors

21

ν beam

Off-axis detector (ND280)
measure ν beam properties

On-axis detector (INGRID)
Monitor direction/stability 

of ν beam

“UA1” magnet
from CERN• Detector suite  

@ 2.5degree off-axis 
• Dipole magnet (0.2T) 
• π0 detector (P0D) 
• FGD+TPC: target+tracker 
• EM calorimeters 
• Side Muon Range detector

• Iron-scintillator sandwich 
modules covering 10m×10m 
around the beam center
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ND280 νμ selection

22

CC0π CC1π CC others

High momentum negative track in TPC = muon candidate

Classify events into 3 samples to enhance sensitivity  
to interaction models
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ND280 data distributions
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Constrain rate (flux × cross section) and 
cross section parameters with ND data

Correlation between energy/samples taken into account

νe at SK can be constrained by νμ at ND(same parent particle)
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1 ring μ

1 ring e

Flux/cross 
section w/ ND 
measurement

Cross section 
uncertainty due 
to target diff.

Final state/
secondary 
interaction

SK detector Total

νμ 2.7% 5.0% 3.0% 4.0% 7.7%
νe 3.1% 4.7% 2.4% 2.7% 6.8%

Uncertainties of predictions at the far detector
No. of events Spectrum shape

Error on number of events
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Far detector: Super-Kamiokande
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XIV International Workshop on Neutrino Telescopes (2011)A. Rubbia

!"#$%&'()%#"*+&,$-"../%"+*&0($).%$&1#+2&!"#$%&'()%#"*+&,$-"../%"+*&0($).%$&1#+2&
%3(&456&789(#"2(*%&%3(&456&789(#"2(*%&

:/#;&</#%=:/#;&</#%=

>?*"@A&+1&4+#+*%+B&C+#;&?*"@AD>?*"@A&+1&4+#+*%+B&C+#;&?*"@AD

1+#&%3(&456&E+../F+#/%"+*1+#&%3(&456&E+../F+#/%"+*

SuperK (Far) Detector

17

2011/3/11KEK Physics Seminar 15

Far Detector: SK-IV
�50kt Water Cherenkov detector (Fiducial 22.5kt)

@ underground (2700 m water equivalent)
�20’ ID PMT�11,129: 40% Photo coverage

+ 8’ OD PMT�1885 :
�Dead-time less DAQ system (2008~)
�Good performance for sub-GeV � detection

�1st oscillation maximum : E� ~0.6GeV at SK position.
�Charged current quasi-elastic (CC QE) interaction is 

dominant process.
• Good e / � separation
• Energy reconstruction: �E/E ~10% (�2-body kinematics)

��ICRR, Univ. of Tokyo

�e
neutron proton

e
�l

��
neutron proton

�
�l

Un-oscillated ��

Signal �e

MC

MC

3

Super-Kamiokande
� 50kton water
� 32kt ID viewed by 

20-inch PMTs
� ~2m OD viewed 

by 8-inch PMTs
� 22.5kt fid. vol. 

(2m from wall)
� Etotal=~4.5MeV 

energy threshold
� SK-I: April 1996~
� SK-IV is running

Electronics hutLINAC

Control room

Water and air 
purification system

SK

2km3km

1km
(2700mwe)

39.3m

41.4m

Atotsu
entrance

AtotsuMozumi

Ikeno-yama
Kamioka-cho, Gifu
Japan

Inner Detector (ID) PMT:   ~11100 (SK-I,III,IV),  ~5200 (SK-II)
Outer Detector (OD) PMT: 1885

ID

OD

http://www-sk.icrr.u-tokyo.ac.jp/sk/

See J. Wilkesʼ talk
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Observed events at SK
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νμ disappearance measurement
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Most precise measurement of sin2θ23

PRL 112 (2014) 181801
arXiv:1502.01550

sin2θ23 Δm2 (10-3eV2)

NH 0.514+0.055-0.056 2.51±0.10

IH 0.511±0.055 2.48±0.10



J-PARC neutrino experiments, M.Yokoyama (UTokyo)

νμ+νe combined analysis
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arXiv:1502.01550

Frequentist analysis Bayesian probability

EXCLUDED at 90% CL

With reactor constraint
[0.15,0.83]π (NH)

[-0.08,1.09]π (IH)

NH IH Sum
sin2θ23≤0.5 0.179 0.078 0.257

sin2θ23>0.5 0.505 0.238 0.743

Sum 0.684 0.316 1.0

δCP of
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Cross section measurements with NDs
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νe cross section on CH

Fe/CH cross section ratio with INGRID

νμ inclusive cross section

PRL 113, 241803 (2014)

PRD 90, 052010 (2014)

PRD 87, 092003 (2013)

T2K Preliminary

Energy dependent cross section with INGRID
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More physics results
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See poster by Stefania for 
short baseline oscillation studies in T2K

νe disappearance search with ND

NC interaction at far detector

PRD 90, 072012 (2014)

arXiv:1410.8811
Accepted for publication in PRD

Neutrino mass limit from relative TOF

T2K Preliminary

arXiv:1502.06605
More results are published/coming soon!
(Also, results with anti-nu beam running)

mν2<5.6MeV2/c4
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T2K: Near Future Plan

• In 1-2 years:

• Improve oscillation parameter meas. w/ neutrino beam  
(Will tension with reactor data  remain or not?)

• Search for the first evidence of electron anti-neutrino 
appearance with anti-neutrino beam

• Can accumulate ~7×1020 POT in 1 year with >400kW beam
31

• Before summer 2015:

• World best anti-
neutrino oscillation 
measurement with  
~5×1020 POT
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Long term plans
• Search for CP violation with up to 2.5σ level sensitivity

• Precise measurements of oscillation parameters

• Various ν and ν ross section measurements

• Combination with NOvA and SK will enhance the reach
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to be published in 

90%CL sensitivity to CPVSignificance of CPV



Other ν experiments  
at J-PARC
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• E11: Tokai-to-Kamioka (T2K) Long Baseline Experiment

• T32, T49: Liq. Ar TPC R&D (test beam)

• E56: A Search for Sterile Neutrino at J-PARC Materials  
and Life Science Experimental Facility

• P58:  A Long Baseline Neutrino Oscillation Experiment Using J-
PARC Neutrino Beam and Hyper-Kamiokande (→Shiozawa-san)

• T59: A test experiment to measure neutrino cross sections 
using a 3D grid-like neutrino detector with a water target 
at the near detector hall of J-PARC neutrino beam-line 

• T60: An emulsion-based test experiment at J-PARC 

• LoI: A nuPRISM Detector in the J-PARC Neutrino Beamline

Neutrino experiments at J-PARC

34

Recent Stage-1 approval

New initiatives emerging in J-PARC neutrino experimental facility



Selecting	
  muon	
  decay	
  
(ε~74%)J-­‐PARC	
  E56	
  	
  

➢ confirms	
  or	
  	
  refutes	
  the	
  
neutrino	
  oscillation	
  with	
  
sterile	
  neutrino(νµàνe	
  )	
  

➢ uses	
  ultra-­‐pure	
  
neutrinos	
  from	
  stopping	
   
µ+	
  

➢ separates	
  signals	
  from	
  
BKG	
  by	
  measuring	
  
energy	
  distortion

E56:	
  Sterile	
  neutrino	
  search	
   
@MLF	
  (proposal	
  in	
  2013)

M.	
  Harada	
  et	
  al,	
  	
  arXiv:1310.1437	
  [physics.ins-­‐det]	
  

Note:	
  Detector	
  location	
  is	
  under	
  discussion

E56	
  90%CL	
  Sensitivity	
  

p	
  timing

ν	
  timing

Next	
  beam	
  is	
  40ms	
  later

Hg

35
5	
  years	
  x	
  MW

LSND	
  	
  	
  region	
  	
  
brown	
  (90%CL)	
  &	
  	
  
green	
  	
  (99%CL)



E56:	
  Detector
• 50	
  tons	
  Gd-­‐loaded	
  liquid	
  

scintillator.	
  	
  
• Well	
  established	
  technique.	
  　	
  
• Strength	
  of	
  tank	
  /	
  endurance	
  for	
  
earthquakes	
  were	
  calculated.	
  

• Some	
  of	
  	
  Double	
  Chooz	
  /	
  Daya-­‐
Bay	
  collaborators	
  joined	
  E56.	
  

• Will	
  be	
  located	
  at	
  MLF	
  3rd	
  floor	
  :	
  
the	
  maintenance	
  area	
  à need	
  
to	
  avoid	
  interference
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Figure 3.2: Schematic view of the scintillators inside the central detector

21

T59: 3D grid detector, WAGASCI
• Confirm basic performance of 3D grid detector

• Large angular acceptance with less material

• Cross section measurements

• Water target (fraction of water ~80%)

• Close to 4π acceptance

37

1m

1m

MRD

WAGASCI�
•  3D'gridXlike'structure''
– x'+'grid'+'y'+'grid'+'…'layers'
– 100cm'x'100cm'x'200cm,'target'mass'is'~2'ton.'

– 4π'angular'acceptance'for'charged'parCcles'
– H2O(signal):CH(BG)'='79:21'(='46:54'X>'ND280)'
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[本研究の特色]

図 5: 格子状に組んだシンチレータ

•WAGASCI検出器
WAGASCI検出器のシンチレータを格子状に配置する方法は今までに

例がなく、水標的でありながらもニュートリノ反応で生じた二次荷電粒
子がどのような方向に飛んでも飛跡を再構成することができる画期的な
方法である。ミューオン以外の二次粒子を測定することで、ニュートリ
ノ反応モード別の測定も期待できる。
[国内外の関連する研究の中での当該研究の位置づけ、意義]
多くのニュートリノ実験においてニュートリノ反応モデルの不定性は

大きな系統誤差を生んでいる。ニュートリノの反応断面積を測定し、ニュートリノ反応モデルに制限を与えること
は T2Kのみでなく、ニュートリノコミュニティー全体に有益である。
[インパクトと将来の見通し]
• レプトンセクターでの CP対称性の破れは、未解決の問題である”物質優勢宇宙の起源”に迫る非常に重要な
研究である。

• WAGASCI検出器の開発、測定は次世代の計画であるハイパーカミオカンデを用いた長基線ニュートリノ振
動実験の前置検出器をデザインする際に良い材料となる。

（１年目）

• T2K前置検出器のProton Moduleと INGRIDを用いた反ニュートリノの反応断面積の測定の結果をまとめる
• WAGASCI検出器の制作を完了、前置検出器ホールへのインストールをし、ニュートリノのビームデータを
取得する

• WAGASCI検出器で、ビームデータと宇宙線データを収集し、検出効率などの性能を評価する
• WAGASCI検出器のデータから、粒子の単位長さあたりのエネルギー損失、飛程、シンチレータでの光量を
用いた粒子識別の方法を、シミュレーションやビームテストの結果と比較して研究する

(２年目）

• 反応点付近の陽子などの短い軌跡やエネルギー損失から、荷電カレント準弾性散乱 (CCQE)反応のイベント
選択の方法を研究する

• WAGASCI検出器での CCQE反応を選択する手法を確立し、それぞれの反応断面積と反応断面積比を求める

(３年目）(DC２は記入しないこと)

• νe(νe)出現モードと νµ(νµ)消失モードについて、ニュートリノ振動の同時解析を行い、CP非対称パラメー
タ δCP を測定する

• 以上の結果を博士論文にまとめる

林野竜也

2.5cm� 2.5cm�

5cm�

2.5cm�

5cm�

5cm�

2.5cm�

Each)cell)is)filled)with)
water)or)hydrocarbon.�

5cm�

x� grid� y� grid� x�

WAGASCI 3mm-thick scintillator produced at Fermilab

• 長さ：約1m (99.7~99.8cm) 

• 枚数：約170枚 

• テープでまとめられたものは、
20RPM, 25RPMの記載有り

2

@B2 floor of ND hall



T60: Emulsion
• Feasibility test of Emulsion in the J-PARC environment

Hadron interaction in emulsion

150µm

Ultimate position resolution
Future Physics goals • Neutrino Cross Sections 

• Sterile neutrinos

νe

p e

νeCC interaction

γ→e+e－

Emulsion films
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ννPPRRIISSMM T2HK sensitivity maps
● Compare νPRISM 90% exclusion contour with MiniBooNE anti-NuE (left) 

and NuE (right) 90% confidence limits

● 4m νPRISM inner radius with 1.56e22 POT – T2HK statistics 

● Both statistics only contours and contours with conservative systematics 
cover MiniBooNE allowed region in both cases
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Sterile Neutrinos

Unique σν Measurements

Enhanced Sensitivity for T2K and T2HK

Default
T2K

T2K +
NuPRISM

4°

2.5°

1°T2HK
Statistics

• First ever measurements
of σNeutral Current(Eν)

• Clear separation of single
and multi-nucleon events

15年2月16日月曜日
LoI to J-PARC PAC, arXiv:1412.3086
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Summary
• Observation of νe appearance by T2K has opened a door 

to the CP asymmetry study in the lepton sector!

• T2K+reactor already placing limits on δCP.

• T2K will continue to lead the neutrino oscillation study.

• First anti-neutrino oscillation result expected soon.

• Collecting data with 320kW, higher intensity expected.

• Planning J-PARC beam power increase to the design value 
of 750kW, and beyond (>MW). 

• New neutrino experiments are emerging in J-PARC with 
international collaborations.

• Next generation experiment: Hyper-K (→Shiozawa-san’s talk)

40



Backup
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T59:%3D%grid,detector:%WAGASCI
Event)display)(same%CCQE%event)

with/grid/layerw/o/grid/layer

easy)to)track
large)scahering)μ

hard)to)track
large)scahering)μ

μ μ

p p

15年2月16日月曜日



Masashi Yokoyama (U. Tokyo) / Long baseline neutrino experiments in Japan Colloquium Towards CP violation in neutrino Physics

Constraining flux × cross section

43

Fit with correlations taken into account
Before After

Flux prediction
(NA61, beamline meas.)

Cross-sec. uncertainties
(external meas., models)

ND280 measurements
(pμ, θμ)

anti-correlation:
reduced rate (flux × cross section) uncertainty
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