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J-PARC neutrino primary beam-line
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J-PARC neutrino secondary beam-line
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Operation history
Beam quality is kept well. 

Flux at ND/SK is estimated with ~10% uncertainty.

425kW beam operation achieved. 
→ 2.27×1014 p/pulse 

440kW trial is also performed.

By 2016 May, 1.510×1021 POT is supplied 
for physics data for T2K.

ν-mode : 7.57×1020 +  ν ̄-mode : 7.53×1020 

Beam operation for neutrino beam-line is resumed from Oct. 2016 
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      !-mode POT: 7.57×1020 (50.14%)
      !-mode POT: 7.53×1020 (49.86%)

27 May 2016
POT total: 1.510×1021

2011    2012    2013    2014    2015    2016

Su
m

m
er

 S
hu

td
ow

n�

Su
m

m
er

 S
hu

td
ow

n�

Su
m

m
er

 S
hu

td
ow

n�

Su
m

m
er

 S
hu

td
ow

n�

Earthquake�
Horn--
replacement�

Target--
Repair�

Event rate and direction plot

Day

[e
ve

nt
s/

1e
14

 P
O

T]

0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

Event rate
Horn250kA
Horn205kA
Horn-250kA

[m
ra

d]

1<

0.5<

0

0.5
Horizontal beam direction INGRID

MUMON

Day

[m
ra

d]

1<

0.5<

0

0.5

1
Vertical beam direction INGRID

MUMON

T2K Run1
Jan.2010-Jun.2010

T2K Run2
Nov.2010-Mar.2011

T2K Run3
Mar.2012-Jun.2012

T2K Run4
Oct.2012-May.2013

T2K Run5
May.2014
-Jun.2014

T2K Run6
Oct.2014-June.2015

T2K Run7
Feb.2016-May.2016

12



Big maintenance
For secondary beam-line, it is necessary to open the 
concrete shields, He vessel by remote operation.

2011: Inspection after the big earthquake.

2014: Replacement of all three horns

Water-leak was happened at horn itself.

2015: Target cooling He leak.

Inspection and repair was done.

OTR system also met the trouble.

2016: No maintenance in He vessel.

Inspection of the outside of beam-window.  6



2015 Target He leak problem
Target: ~23kW heat load at 750kW → Cooled by He gas

In May 2015, Pressure of He gas become unstable.

~ 10-1 Pa m3/h (Requirement: ~ 10-3 Pa m3/h)
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2015 Target He leak problem
There is no He leak found the He tubes outside TS He vessel, we have decided to open 
He vessel for further inspection.

There is no leak at the top of horn module → Horn + target is transported to maint. area.
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Target He-tube inspection at maintenance area
At the maintenance area, the inspection by manipulator is 
performed. 

Air is sampled by hand-pump and checked by handy 
gas detector.
→ He leak was found at ceramic break! 

Fixing the leak by compound was tried.
→ We have confirmed that there is no other leak point.
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Replacement of the He tube
Improved He tube with ceramic break and the remote exchange tools 
are prepared by RAL and KEK. The exchange work is done by the 
corroboration among RAL, TRIUMF and KEK. 

Distortion of U-shape part made by cold working may be cause of the 
trouble → C-shape with miter joint (welding) is adopted. 

10Replaced by manipulators  
at the maintenance area  



OTR inspection
OTR system: Mirror alignment check

Trouble in the disk rotation: Required torque become large. 
It can not to be rotated by remote controlled motor. 
→ Now we are using 1 Ti foil.
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Beam window inspection
In 2016, we have checked the beam window by removing the upper shields 
to check what kind of work is necessary for exchanging with spares.

“Pillow seal” used for Vacuum / He-gas requires the very good surface 
condition. We have to consider the method to clean up, if necessary.
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To achieve 750 kW p-beam operation 
Upgrade the beam-line for 1Hz 
operation.

Horns : 2 PS + 2 old trans. + 3 horns
        → 3 PS + 3 new trans. + 3horns.

Currently used pulse transformers 
are produced for 250kA operation 
for K2K in ‘90s.

New pulse transformers for 320kA 
is under design.
→ ~10% improvement for ν flux / 
POT is also expected. 

DAQ for beam monitors. 

Beam interlock system.
→ The module that issues the fast 
Inhibit signal using the beam monitor 
outputs processed by FPGA. 
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FADC development
J Low Temp Phys

Fig. 3 A picture and block diagram of the analog electronics board “RHEA.” RHEA consists of an ADC,
DAC, and crystal oscillator. A SMA connector is employed for the interfaces of the four analog signals
(i.e., two inputs and two outputs) and a FMC LPC connector is employed for digital interfaces (Color figure
online)

Table 1 Specifications of the analog electronics board RHEA.

Parts information Specification

Oscillator Epson, EG-2102CA 200 MHz, LVPECL

ADC Texas Instruments, ADC4249 Dual-channel, 14-bits, 250 MSPS

DAC Texas Instruments, DAC3283 Dual-channel, 16-bits, 800 MSPS

Analog I/F Cinch, 142-0701-801 SMA 50 Ohm

Digital I/F Samtec, ASP-127797-01 FMC LPC

Clock fanout buffer Analog Devices, ADCLK944 Four LVPECL outputs

separated from the digital part. All functions can be controlled via the FPGA mezza-
nine card (FMC) low pin count (LPC) connector. The user can choose their preferred
FPGA. Specification of these chips are summarized in Table 1.

3 Performances of RHEA

3.1 Low Power Consumption and No Overheating

We measured the surface temperature of the electronics system employing infrared
thermography (Keysight U5855A) as shown in Fig. 4. Here we employed digital logic
with a MUX value of 32 using the Kintex-7 evaluation kit from Xilinx. Even without
a cooling fan, the operation temperatures in a room are at most 38 and 56◦C for the
analog board and digital board, respectively. The power consumption is only 23 W,
which is roughly half of that of our previous development [5].

3.2 Noise Level

We fed test signal from a function generator to the ADC. The noise level of the
ADC was determined as a noise floor of power spectrum density. For the DAC, we
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Fig. 4 Surface temperature of the front–end electronics (Color figure online)

measured its noise floor by using spectrum analyzer. We achieved 12 bits and 14 bits
resolution for the ADC and DAC, respectively. As shown in Table 1, we lost roughly 2
bits compared with intrinsic resolution for each chip in catalogs. These achievements
correspond to have noise level of 10−8 rad/

√
Hz in phase response of the MKID.

Here, we assume 100 MUX readout configuration. This is low enough compared with
expected noise level of the MKID, 10−5 rad/

√
Hz, for expected observing condition

(i.e., noise equivalent temperature of 10−17 W/
√
Hz).

3.3 Bandwidth of Demodulated Signals

We measured the response for demodulated signals. Figure 5 shows the amplitude
and phase responses as functions of the comb frequency. We measured the responses
using a simplified configuration; i.e., RF waves from the DAC go directly to the ADC.
The sign of the frequency corresponds to the sign of the phase difference between
generated RF waves; i.e., +90◦ or −90◦. These results satisfy our requirement for a
bandwidth of 200 MHz.

3.4 Demonstration of MKID Readout

Functions for theMKID readout were confirmed using a Nb-MKID cooled to 300mK.
Figure 6 shows the amplitude and phase responses as functions of the frequency of the
RF signal fed into the MKID. We confirm a clear response of the MKID for both the
amplitude and phase.We also confirm a proper (i.e., circular) response in the IQ plane.
We thus demonstrated functions of simultaneous readout for the amplitude and phase.

4 Summary

Wedeveloped front–end electronics that are able to readout 100 elements of theMKID
for the GroundBIRD experiment. As the initial step, we developed our own ana-
log electronics, RHEA. We confirmed the proper function of these electronics; i.e.,
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• CT,ESM等に使うFADCの開発(1Hz化にむけて)を進め
ている 

• モニターMでこれまでの開発状況、今後の開発方針につ
いて議論 

• 新しいFADCモジュールの開発を始める 

• E-sys groupと議論。今年末から開発スタート 

• There is a board in which 250MSPS 

• FADC is used (RHEA board for CMB 
experiment). 

• Plan to evaluate the ADC chip using a RHEA 
board　(borrowed from CMB group) 

• 我々のモニター読み出しに必要なスペック（sampling, 
ADC精度、信号入力部分処理)
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Future plans
The T2K experiment submitted the proposal of extended data accumulation up to 
2×1022 POT to J-PARC PAC in June 2016.

PAC recommended the Stage-1 status in July 2016. 

Cf. J-PARC has 2-stage approval.

Stage-1 status: Physics interest is recognized.

Stage-2 approval: Green signal for execution. 

~1.3MW beam power is expected. 

New short base line experiment E62 (NuPrism) got stage-1 status, too.

The J-PARC upgrade for the future long base-line neutrino experiment using 
Hyper-K is recognized as KEK Project-implementation-plan (PIP) with high priority. 
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Achieved 
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Mid-term 
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Long-term 
 plan�

 Protons/pulse� 2.2×1014� 2.2×1014� 3.2×1014�

 Repetition cycle � 2.48 s� 1.3 s� 1.16 s�
 Beam power� 420kW� 800kW� 1.3MW�

J-PARC MR-FX beam power upgrade strategy�

Protons / pulse required to achieve original  
design intensity (750kW) has been achieved. �



To do list for >1MW beam power
Reinforce the radiation shield of the Target Station.

Enlarge the processing capacity of the radioactive waste 
(activated cooling water, etc.)

See next slide

Reinforce the cooling capability of target, electromagnetic 
horns, TS He vessel, Decay Volume, and beam-dump. 

Enlarge the aperture of the magnet for upstream part of 
primary proton transport (if necessary). 

Primary beam monitors that cause less beam-loss.

Sophistication of remote maintenance procedure for 
activated equipment. 
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Summary
J-PARC Neutrino beam-line met the troubles in 
target system in 2015. It was fixed by remote 
operation.

In 2016 beam time, there is no severe trouble that 
takes long maintenance period.

No trouble in 440kW trial.

There are several work to achieve ~1Hz operation 
and >1MW beam.

We plan to do the upgrade work that requires 
long shutdown in JFY2018 during the J-PARC 
MR power supply upgrade as much as possible. 
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