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J-PARC E61 proposal

An intermediate water Cherenkov detector
at 1 — 2 km downstream of J-PARC

neutrino beam 0
m

I Constrain systematics in oscillation
analysis originating from neutrino
Interaction uncertainty

I Measure neutrino interaction cross
sections as a function of energy

SIS ElIIE M — Hyper-Kamiokande

Mt. Noguchi-Goro
2,924 m E6 .I

Mt. lkeno-Yama
1,360 m

1,700 m below sea level

Neutrino Beam

295 km
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& EFUFDUPS

' S5IF EFUFDUPS IBT PRQUB DB
JOOBO®E PVEHFSFDUPST

| $IFSFOLPW QIPUPOT BSF E
JODI 1.5T FOWFMRQ.FBE JO
NPEVMET 1.5T GPS *% T

Optical gel coupling

UV transparent acrylic between PMT and acrylic

3D printed PMT e 3,00 . : ' light collection
support structure | '

HV generation at

PMT base board

Stainless steel or

Scintillator panel aluminum cylinder
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Software development

Full detector simulation and event reconstruction
algorithm are developed to study detector
optimization and physics sensitivities.

« Detector simulation WCSim
- Event reconstruction algorithm fiTQun

inner detector half of nuPRISM mPMT

T

reflector______

I

photocathode
. 'R

pressure vessel
e
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8$4IJNEFUFDUPS TINVMBU

l 0OQFOPVSDF GMFYJCMF XBUFS $IFSFC
TINVMBUJPO QBDLBHFBIBUFE PO

' UUQHJIJUIVC BBHINS8S4IN

l . BJOMZ EFWFMPQFEBNIPIZIBPEF
DPMMBCPSBUPST

o ® @ = & GitHub, Inc. ¢ O th o

+
O ‘ Pull requests Issues Marketplace Explore a +- B-
WCSim / WCSim ®Unwatch~ 24 % Star 10 Fork 83
<> Code Issues 46 Pull requests 21 Projects 0 Wiki Insights

The WCSim GEANT4 application

{p 765 commits 10 branches © 11 releases 42 17 contributors

Branch: develop v New pull request Create new file  Upload files = Find file Clone or download ~
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MPMT implementation

MPMT is implemented into E61 branch of WCSIm
https://github.com/nuPRISM/WCSim

n v Reflector .
Acrylic/Glass vessel (t = 101 ) Inner support'vessel” RENELLON qoqic\wycpmT

! Acryl IC Vessel Origin on ID black sheet wall [ (blacksh_eet) \

Optical Gel
Water

I Optical gel

N\ \

A\
R
\J
/
oD

Blacksheet SolidBarrelCell thickness
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I Aluminum
reflector

I 3inch PMT

I Inner support
structure

PMT

OD simulation is
under construction

Expose
r glass to acrylic



Implemented PMT properties

8inch PMT properties
based on old LBNE
measurements

QE is taken from KM3NeT

measurement
doi: 10.1063/1.4902786
Photon detection efficiency
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'J52VAEWFOU SFDPOTUSVI

'J52v0oT PSIJIHIOBMMZ EFWFMPQFE GPS
BOE JT CBTFE PO NBYJNVN MJLFMJIPP

1.5 VOIJUSPCBCIMJUZ | JWSPCBCAMIIWDIBSHF QEG
unhit hit

£69) = TT 2yumbitl) [T = Piunbit) )} e et

1.5 UIJNJOH

x = (x,t,p,H0, gb) 1BSUJDMF IZQPUIFTJT

1= pdr 4 et 1PJTTPO NFBO PG QSFEJI

EFUFDUFE CZ FBDI 1.5
XIJbl JT BMTP B GxODUJP
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Direct charge prediction

FiTQun predicts charge amount detected by each PMT

Normalization Integration along the particle truck

p i = ®(p) [ dsg(p,s,cos)QR)T(R)e(n)

Cherenkov —  pMT solid angle at ! =0
s emission profile _ -2
Oé’/—%ﬁz
~/ 6 i JA AN A A AR A Light attenuation in water
“‘ ‘g‘ssoi 03
. L - exp('R/]—attenuation)
5 2| PMT angular response
R ‘\“ ' 200? ’ _':i o5 A
* n E 1005— 0.1 -I

“‘/_: ; ! ' 0.05
) B.i' 0506 o7 08 e 0 o COSI
u 600MeV/c cosd 0 1 '
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*OEJSFDU DIBSHF QSFEJL

*OEJSFDU DIBSHF JT QSFEJDUFE TJNJ

2 = 0(p) [ ds——plp, ) ART(R)e()A(s)

$IFSFOLPW FENJTTJPO QSPGJIJMF JT JOUFHSI
' Q TJT UIF GSBDUJPO PG QIPUPOT FNJUUF

oé‘;}*jz
o/ 6 - p(p,s) = / g(p, s, cos 0)d

ADBUUFSJOH |
(i/LSCt
d,LLiSO’dir
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.
.
.
”
.
.
.
.
.
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Scattering tables

Il FIiTQun assumes that the ratio
psct/pisedir does not depend on
species and momentum of
parent particles.

I FiTQun uses 3 scattering tables

Each scattering table is for
top/bottom/barrel PMTs

| Each of them is a 6D table charged particle

d sct /
A(CL’PIT\/ITa Zvtx thxa Y 97 ¢) — dlulil:o,dir \

Remt OF Zpyr
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N1.5 JNOMFNFOUBUJPO

GJ52VWUGFBUT TIHOBM GSPN FBDI 1.5 J
a #BTJDBMMZ UIF TBNF BMHP,SITUMI BE

SFGFSFODF QEG GVODUJPOT BOE UBC
VTJOH PVUQWUINEGEFUFDUPS TINVMBUJ

| Pj(unhit|u;) -fq(qilp:)
4 $IBSHF SFTQPOTF PG 1.5T BOE FMF

| fi(ti|x) 4 BINIJGHTQPOTF PG 1.5T
1 €(n) A(s) & %FUFDUPS HFPNFUSZ
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MmMPMT implementation cont’d

However, some parts of fiTQun assumes azimuthal
symmetry of PMT that no longer holds in mPMT.

I Angular response function, €(n) photon
| Scattering table, A(s)

As a first step, these
are averaged over ",

Further study will be

performed in future. PMT
photon

mPMT
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Detector performance study

The event reconstruction performance is evaluated
using electron and muon particle gun MC.

| Electron: 30-1000 MeV
I Muon: 200-1200 MeV

I Performance of mPMT configuration with 3inch
PMTs (28% photo cathode coverage) is compared
to that of 8inch PMT configuration (40% coverage),

which was previous E61 nominal design.
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Entries
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Vertex resolution

Vertex resolution is improved by using smaller PMTs.
« Location of each photon is decided more precisely

Electron Muon

N
o
TT
N
o
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w
a1
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................................................. 35 S (I

- ———— 10x8m 8inch PMT 40% - ———— 10x8m 8inch PMT 40%
30 Y 30 R N
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25 25
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Momentum resolution

Similar momentum resolution is achieved with
smaller photo-cathode coverage

I Photon collection is improved

Electron Muon
IE' 14__ .................................................... 10X6m 20|nCh PMT 40% IE' 14 __ .................................................... 10X6m 20|nCh PMT 40%
[®) C o C
S 12 __ .................................................... ° 10X8m 8inCh PMT 40% 5 12 __ .................................................... ° 10X8m 8inCh PMT 40%
(@] - [@) L
g 10 @\ — e 10x8m MPMT 28% g 10 :_ .................................................... — e 10x8m mPMT 28%
c =
2 = 8 .
£ £
S 5 B
> = f
O : 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 0 : 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
0 200 400 600 800 1000 0 200 400 600 800 1000 1200
Momentum [MeV/c] Momentum [MeV/c]
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e efficiency of PID cut

1BSUJDMF JEFOUJGJDBUJ

&MFDUSPO TFMFDUJPO FGGJDJFODZ J
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1'"0 IJINQSPWFNFOU JT FYQFDUFE BU M
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'"VUVSF TPGUXBSF JNQSP)

I % FWFMPQNFOU PG PVUFS EFUFDUPS
QSPHSFTT JO, )R QMFEBCPSBUJPO

' 1ISFDJTF NFBTVSFNFOUT PG 1.5T BOE
N1.5 NBUFSJBMT BSF POHPJOH JO &
SIFTF NFBTVSFE QSPQFSUJFT XIJMM C
JO GVUVSF

' "J52VONQSPWFENFOUT BSF BMTP POHEF
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'"J52VANQSPWFNFOUT
6TF1.5 EJSFDUJPO NPSF

' *O0 4VQF¥JLF DPOGJHVSBUJPO BMM L
UIF EJSFDUJPO QFSQFOEJDVMBS UP

' *ON1.5 BMM UIF 1.5T MPPL EJGGFSFO

SVSSF®JIb2\GEPIE1.5 VTFT 1.5 EJSFDUJPC
JOGPSNBQRBRIPOWOIBMMZ JO DIBSHF QSFEJ

ut = @(p) / dsg(p, 5, cos0)Q(R)T(R]e(n)

1.5 BOHVMBS SFTQPOTF G

ot = @(p) [ dsp(p, )R (R[GA(S)

5| JBEEJUJPOBM 1.5 BOSPSWEBIP O
QPUFOUREWMOQIPUPO FNJTTJPO QPJO!
5XPJEFBT BSF TIPXO JO GPMMPXJOH T
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1.5 BOHVMBS SFTO®®WTF

$VSSFOU 1.5 BOHVMBS SFTQPOTF GVO
GVODUJPO[PGVUIBENNFUSZ PG 1.5 JT
BTTVNFE Qmupo;

JPXFWFS UIBU JT OPUNILF DBTF PG

AIBEJOH CZ OFBSCZ EBRUFBW -

XBMRQFOE®D. ;

a % BOHVMBS SFTQPOTF GVODLLLIDO
JT B QPTTJCMF PQUJPO |

\ 1.5
QIPUPOG
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\
\
\
\

N1.5
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1.5 EJSFDUJPO JO TDBUU
UBCMFT

1'1.5 EJSFDUJPO JT OPU FYQMJIDJUMZ

S

PO 1.5 EJSFDUJPO Swui wgy.

a

TDBUUFSJOH UBCMFT BT GPS OPX
1.5 EJSFDUIJRXEJIFDUMZ DEQA TN EFCH E

OQPTJUJPOBM SFMBWBJPOTIJOQ PG
BOE QIPUPO QSPEVDU OPJOU
CVU UIJT NRUIPESFT P |

EJSFDEIRBGFSPODEST
JO POF NPEVMF

|F SBUPRIEITIPVME EFQFOE

— -
P
-
R

"EEJOH BOPUIFS EJNFOTJP
1.5 EJSFDUJPO JOGP$NBUJIPO
NJHIU JNQSPWF SFDPlOTUSNDUSPT

N— __
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Summary

I J-PARC EG1 is proposed to reduce systematics
related to neutrino-nucleus interaction

I The initial version of full detector simulation and
event reconstruction algorithm were developed
for E61 detector equipped with mPMT modules.

I Further software improvements are ongoing in
both detector simulation side and event
reconstruction side.

7/21/2018 NEPTUNE

23



Back up

7/21/2018

NEPTUNE

24



Spannlng off—aX|s angle

7/21/2018

Arb. Norm.

Arb. Norm.

Arb. Norm.

-
2

><lOl<
“: 40 off-axis
20} Flux
mf{
10 .
iy |
S 5
O 05 1 15 2 i 33
x10"
35 v | T . L
30/ 2.5° off-axis -
2 Flux
20
15}
10
o
05 T 15 2 35 3 35
0
251 1.0° off-axis -

Flux 5

Off-axis

angle Beam center

Neutrinos with different
energy spectra are
measured by spanning
off-axis angle

$&' S8

. # ,
) Lol* " toome /)
NEPTUNE 25




8$4IJNQIZTJIJDT QSPDFTTJC

I JOFNBUJDT PG QBSUJDMFT FNJUUFE
JOUFSBDUJPO PS FOUFSJOH UIF EFUI
URB$4JN

' 11ZTIDT QSPDFTTFT PG QBSUJDMFT B
JOUFSBDUJPO BSF TINVMBUFE CZ (FE

' 1BSUJDMF USBDL JO XBUFS JOUEFS
BOE $IFSFOLPW SBEJBUJPO

l (FBOU BMTP USBDLT $IFSFOLPW QIP!

.BOZ QBSBNFUFST EFTDSJCJOH NBUF
BSF UBLFO GSPNDIBMIGSSBUIJPO BOE
TINVMBUJPO

' 8BBUFS CMBDL TIFFU HMBTT
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1.5 EFTDSJQUJIPEA JIND

IFO B QIPUPO SFBDIFT 1.5 TVSGBDF
TJHOBM JT TINVMBUFE BDDPSEJOH UP

1'1.5T BSF EFTDSJCFE CZ TPNF GVODU
QBSBNFUFST

' OWFSBMM FGGJDJFODZ GPS B QIPU
DIBSHF JODMVEJOH UIF RVBOUVN
DPMMFDUJPO FGGJDJFODZ

l'4JOHMF (HMBBUSPO EJTUSJCVUJPO
' 53JNJOH SFTQPOTF GVODUJPO
l %BSL OPJTF SBUF

' 6TFST DBO NPEJGZ 1.5 QSPQFSUJFT |
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&SMFDUSPO8®HAINO

' *"T EBSL OPJTF BEE SBOHBHRMNFDQSHPIOPI
UP FBDI 1.5 BU B HIWFO SBUF

' $SPOWFSU I1JUT CZ SFBM QIPUPO BOE
UIFO EJHJUJ[F UIF 1JUT

1'1.5 CZ1.5 UISFTIPME JT BQQMJFE
1 5JNJOH BOE DIBSHF TNFBSJOH DBC

' *TTVF USJHHFST CZ VTJOH OVNCFS P
JOB HIWFO TMJEJOH UJNJOH XJOEP)
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