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What IS J PARC neutrlno experiment?

o LIAONING o | oo

=g NorthKorea AL [ *=ND280 _ _Ej
South-Korea target&3horns I o - 8 DOff—axis angle 2.5 deg. §
v”o bear durr?w%on monitor %%:;-5- ~~~~~~~ bea[n-a-XiS
Hiroshima | oretomewn 7
a JZ:.J*_S ..0. Om 118m 280m 295km
L X B
4 .
T2K beam line
¢ . . . .
R o  Tokai to Kamiokande (T2K) experiment aims to
kB S 8 discover the CP violation in the lepton sector
. L, @ with neutrino oscillation (20 significance now).
: agoya *
5 f ) l.l E V//l : Or De
N S o Statistics and systematic error reduction are
e St % necessary to achieve a higher significance level.
e - . l* ““,‘ . by, ~ = — X
Supe_r B S 'Z}L[E)] o __.Japan., Sendai
Kamiokande ... ° | jue
Materials and Life Science - Hadron TOkyo,Tr N 3 D /_ - ‘/j \ I/
Elecfronics e Experimental Facility xprieFaciIity 'l{fﬁ'/ S ¥ \': M 3 th4’)kl‘ s ,‘_A - ‘:,»_.

g _ - f J PARC o) vilbge .7

R ge
'¥ - IBARAKI
4 NG R - :
Sk % e e "\)‘ ~ - ‘O - —%
- e E\' - A/
e & - Neutrino to i
<53 Iy Kamiokande S e: -
- P Y = ‘
: 3Ge\/(285yanZf)1rotron == Main Ring Synchrotron
(30 GeV)

{

| J-PARC = Japan Proton Accelerator Research Complex



What is a muon monitor (MUMON)?
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¢ Monitor the direction and intensity of muons
from x, K decays to make profiles of v.

e Can monitor the beam bunch by bunch.
— MUMON is essential for the beam operation.

e Consists of 2 types of detectors, / a ‘
Silicon PIN photodiode & lon Chamber
(Ar or He). ]



Current (Si, 1C) detectors
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Some issues of Current detectors

Si & IC has shown excellent performance since the T2K started.
However, we are concerning some issues as beam power is getting
Increasing.

1st issues : Degradation for Silicon Detectors

o Si/IC-Ar (FHC)
- Si/IC-Ar (RHC)

Si/IC-Ar 50x10%°P.O0.T
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Signal decrease (~1%/5%1020 P.O.T) is seen that may be due to damage.

We will have to replace Si detectors frequently (1/half a year) for future
more high intensity T2K beam.
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Some issues of Current detectors

2nd issues : Signal response for IC chambers
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FADC sample (~ 15 ns/sample)

CT ouput(1012 protons per pulse)

At high intensity , more electron-ion pairs are created and distort the electric field inside
the detector, which worsen yield collection.

[solution 1] : Higher voltage application = — Breakdown is a big concern

[solution 2] : Use of He gas instead of “Ar” — Pileup is seen due to faster ion drift speed

|00
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Why new detectors?

e \We are planning to increase the T2K beam power in the near future.

Now (485 kW) Future plan (1.3 MW)
# of protons / pulse 2.4 % 104 3.2 x 104
Operation cycle 248 s 1.16 s

Our concerning issues could be problematic!
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1st candidate : Diamond

N S,

Diamonds were installe

2 T

A1,A2 | B1,B2 | C1,C2

Edge metaled Not metaled
metaled
: 3.8x38x05|40x40x05|45x45x%x0.5
Dim. (mm3) (mm3) (mm3)

Crystal |Element 6 | Element 6 | Element 6

Electrode | Element 6 | Element 6 | CIVIDEC

Diamonds detectors have been installed from 2012 - 2017
C1 and C2 are relatively new ones.



events

events

Intensity resolution and Linearity
Comparison with current detectors

intensity resolution
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- Intensity resolution : less than 1% for both (requirement is 1%)
- Linearity : 5% fluctuation (less than 5% for Si, IC) (requirement is 5%)
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Ratio to IC
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More than 5% degradation are seen for all diamond detectors until 5.0%x1020
protons on target (P.O.T.) is accumulated, while less than 3% for Si.



2. PMT
3. EMT - Typel
4. EMT - Typell
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(EMT : Electron Multiplier Tube)



The development of prototype detectors
- PMT & EMT -

Prototype

. SN =0
{ 4—FKrR4%C

H

e Tested the 2 types of PMTs and 4 types of EMTs in the same places as the
diamond detectors.

e Results of this commissioning run are shown in the paper,
‘Y. Ashida et al., Prog. Theor. Exp. Phys., 103HO01, 2018".



2nd candidate : PMT

NN = U
4—KpR4%T

U

* Two nominal PMTs (Hamamatsu R9880) were installed.

e A BNC connector was used for the PMT-Type near the detector,
not for PMT-Type B (radiation damages were expected to be different).

e Linearity and stability were checked. 17



2nd candidate : PMT

H
3
o

w
3
o

w
3
o

Type a/CT

= 2500 ' —{2500
E_ iiiii ; “Loooo IR | T
S S e | s00 o : | —{1500
—+ RS i S \ . T
E By Co T Sy g 000 Ny . NS5 o S 1000
e ,%. et S 0 S e 500
g ; Vo '
15 EL : [ [ 1 : | : | ; 0 10 EL . 1 : 1 | | ; 0
08, Mar. 22, Mar. 05, Apr. 19, Apr. 03, May. 17, May. 31, May. 08, Mar. 22, Mar. 05, Apr. 19, Apr. 03, May. 17, May. 31, May.
09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00

Unstable events were found if the different HV were applied.
Stability is worse compared with current detectors.

ADC

& 470 kW, -350 V
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samples (~15 ns/sample) samples (~15 ns/sample)
Saturated in the case of current T2K beam power

PMT doesn’t seem a good candidate for MUMON



Introduction of EMT structure
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* The components of EMT are the same as
the standard PMT except for the : PMT
photocathode. ;

* Photocathode material is replaced with Al

for EMT. ml i i i

— expect the higher radiation-resistant ; :

accepting the low signal. - E“?T/-gg)e |
W

e Current options
1. Type | (Dynodes with Sb) Sh= — 5
— higher for the signal amplitude ]
— expected gain : ~106

2. Type Il (Dynodes without Sb) — EMT-Type |l
— higher for the radiation resistance " (w/o Sb)
— expected gain : 10~103 . ;

e Al e, 1 * 4 e3 en
Aun Sy Sy.2 Su3 Syun 1 9



srd candidate :
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Capacitance (1A)

Capacitance (IB)

2 prototype detectors (Type |IA & Type IB) are

custom-mades using Hamamatsu R9880.

Capacitances on dynodes are different.

Readout : 65 MHz Flash-ADC same as Si
and IC.

Dynode 5 - 100 nF
Dynode 6 - 100 nF
Dynode 7 10 nF 100 nF
Dynode 8 10 nF 330 nF
Dynode 9 10 nF 330 nF
Dynode 10 10 nF 330 nF
20

Y. Ashida et al., Proq. Theor. Exp. Phys., 103H01, 2018




Time Response

e Smaller tail contribution is better because tail contribution affects bunch-by-

bunch monitoring for T2K.

e |n this analysis, tail contribution is estimated by calculating the ratio of 1st

bunch and the tail of final bunch.
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Y. Ashida et al., Proq. Theor. Exp. Phys., 103H01, 2018




Intensity resolution and Linearity

- Intensity resolution and Linearity are checked.

- Type IB shows better linearity than Type IA thanks to the improvement of capacitance.

- Higher voltage worse the linearity due to the electric field distortion.

intensity resolution

htemp

linearity
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Stability

e We can see ~3% drift for first 10 days since
installation.
(~2.2 mC)
— Hamamatsu recommended that we should
stabilize the alkali-metal condition on dynodes for
“warming-up” before use. (1~5 mC)
— This kind of effect will be studied in the next beam
test (detail later).

60.0 76.8
x1018 P.O.T

Type IB/CT ([pC]/(1012 protons/spill))

o After the drift, both EMT shows the nice performance
as for stability.
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4th candidate : EMT-Type Il

R ‘ EMT pr—e
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e EMT - Type |l has no Sb on dynodes (expected gain is 10~103).
— We are expecting the higher radiation resistance than Type I.

¢ Unfortunately we cannot see any signal on this commissioning at 450 V.

L 11

* \We tried other sources such as “fluorescent light”, “radioactive source (192Eu)”.
24



Signal check with other conditions
Type |l (w/o Sb)

RIGOL B\ H 2000ms 00 R

We are looking forward to seeing the signal with Type Il in the beam test. o5



Sumary and Discussion from the commissioning run

Diamond

¢ Tail contribution, intensity resolution and linearity are good, however,
stability, which is most important parts for monitors, is worse.

PMT

e |ntensity resolution and linearity are worse than ones of current
detectors.

EMT Type |

e All properties (Intensity resolution, linearity, and stability) are
comparable or better than current detectors.

EMT Type li

e No signal

We concluded that EMT - Type | was the best candidate. We

would like to investigate EMT - Type |l for higher intensity beam.
26
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Proposals of EMT beam test

EMT is expected to have better performance for T2K beam.
— We proposed the beam test for EMT to investigate more.
— Accepted by Research Center For Electron Photon Science (ELPH)

at Tohoku university in Japan.

— Electron beam. The Conversion factor on radiation damages (u/e = 1.12)

We are planning to measure the followings...

1._Linearity

From current intensity (1.7 x 107 u/cm?2/3 us)
to (3.9 x 107 u/cmz2/3 ps)

2. Stability

corresponding to 10-years beam exposure with
future intensity (2.9 x 1015 y/cm2)

3. Stability of diamond detectors

4. Others
- the effect of warming-up effect of EMT

- efc...

Timeline | Augu | September | October
Decision of "
General Run plan £
Design D.eC'S Manufacture e %
lon ck =
Hardware | signal check | oo 3
(CT & of of o
Developmen| DAQ
DAQ t of DF,)A\Q performance .




Preparation of EMT beam test

Reference Si

Si for profile

beam fig.1 : setup1
window ref. Si Dia
() 2 ==
EMT
CT
fig.2 : setup2

e Setup1 is used for making the profile of electron beam.

e CTis putin the upstream to calibrate the beam intensity.

e 1 silicon detector will be put in front of EMTs to be compared with EMTs’
performance.



Summary

J-PARC neutrino experiment is aiming to discovering the CP violation (currently 2
o).

MUMON is essential for the T2K experiment in order to generate a well oriented
neutrino beam.

Current MUMON detectors have some concerns, which will be problematic for
higher intensity beam of T2K.

We are planning to develop new detectors (Diamond, EMT) for MUMON which
has more radiation resistance.

EMT seems to have a better performance according to the commissioning. So the
beam test is planned.

Currently we are preparing the beam test which will be conducted in the end of
October 2019.



Backup



Signal check for Type I

HV:-1300 V HV: -1300 V

HV : -1300 V, fluorescent light



