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3.7 Trigger efficiency

A== AIFAH T TCREZINF DA R 2LV Z T 5812, Low Energy
Trigger(LE), Super Low Energy Trigger(SLE) & IFIENn5 2 FEH D b U F— % T
5, TNHD MY I — efficiency ZFN2511E Ni-cf. KT DT generator W65
A, ZHIFATRL 72 & 21285 6 B MeV SR DIL MY 2o e T XN T —2FT 5%
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3.20: LE trigger @ efficiency

[ERRICIX 3.21~[] 3.24 1%, SLE b U H—IZ4fd % efficiency %37,
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BAE T YT

4.1 AXNVbMELIDaY

Mo TRl SNz A RV ME a4 Ry b sy ay (BT, 2o
VE7 Y arvelEs) RilL, /A4 A4 XY MEHIBRT 29 & - T RAKINICiTIcH
WHENDZY L TINE D, LTFTA=N=HIF R FTHOONTWD U F Y g /1D
WTERIHT 5,

4.1.1 N—F v I ADBEK

Fz LA 7BRELIN—=T v 7 AL, ZNZENho PMT &R L 7 MR 2 F v
LI & o THMK SN S, HYIC, Kb Z< PMT 28 HIT L ZKRR0E (200nsec) % FFE
L. 74y NS PMT 23872, i, PMT 23 HIT L7=B# (T 1) 2. fUEL 7=
N—=T 9 7 A& PMT DOHBEN S 7 7 b U GE S 2R (Tprr) P2 tres (=Turr-Tear)
Bebh, ZOHFEE .. EHOT, goodness LW I MEELITD L HITERT 5,

1 Nsel 1 t2
goodness = — —exrp(—=5)
sel 1 i1 Ui 20’t
2
i=1 %

Ny : PMT ® HITH
o 1 TNWFho PMT OWRRMREE

ZONEY, goodness PIXKRICTIR DR EN—y T v I ARA N T 5,

4.1.2 AEDFEERK

WINRTDF = L ray kol 7 —>&Itic, EFIES 22 HERT 5,
Z O, likelihood funtion(L(dir)) ZLAF D & 2 ITEHKT 5,

cos 0;
L(dir) Zlog f(cosByir))i X (0

cos by : XD direction &. N—T v 7 A& HIT Lz
PMT OX7 NV & Off %
flcosOgy) : TRIH DM
a(0;) : PMT ODAHAIXTBH1ET 7 7 & —
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Z D L(dir) BERICSIR > e DFja%E Z DA X2 kO direction & 5,

4.1.3 UZPNWNEALAR MLV Y

SK ORI 7 N—F. K. ¥ VT L=y arZih—Fld UPNVIALLTENTE
NEIRARY NRILADT =262 L7 ML, iR k51l T, SK @
Lowenergy Z)V—7 (Kbg=a2— KU 2 Z)V—F) TRUYT7NZ A LTLUTD LI AN
YRV Z Vg rE{ToTND,

e Total photo-electron cut

AN, K= a— U 2 ARV ROFHM p ARV M2 R[S, HEAN
> 8231000 photo-electron LI L HIT 2% - =86, £ A4 X2 &IV KL,
1000 photo-electron & V> D {EIZE DT 3 )V F —ITHEE T 5 &4 130MeV 1ZAHY
L. $920MeV ITOKBGE=2— MV ) ARV % cut T 5 FITME,

e Hayai N—T v 7 AN v k
BUE SK DRI 3.5MeV(50%) TH LM, iz TWFoZ itk TERSY V7
oD K RNFONY I 7Ty ROARY MNBIEZE HDLHICRD, Z
LTZNBITT v 7 DEEIICBT 5 A4 R M THLENL NG, HIT LRIV
INANY N TCN=T v 7 ZADEEN S 150cm LINTH 215G, 2 &I L,

4.1.4 First Reduction

First Reduction 1%, FIN—=R7 =760 ) 4 XA XY NRHWEP S DA XV Mg
WA XY R TRDAXRY MRV B BITHWSN S, DIT. 2D First Reduction
DEAT v IOV TCEHHT 2,

e fidutial cut

TRV —A R NMTE, SKF VIR SK F V7 2K A THLEBNS D
FUC L DA R IR EEN TS, T2 BTV CII T 2L EF— 2N —
T v 7 ADHFHROKENR L 720, 208, KEFHGEEO Oy MAXZ—U2 5
MR & N 7=t FBAL T O FEE RS, AR DEED & 200cm & U Nl OFRMERE D
ARV NTH -GS, ARy M2 BRL,

e time difference cut

Ra—F VORIV RETIEAICLDIARY M KOV ha=y ans
DN LA R R EIXY BRSBTS, A XY RFREDS 50u BLINDOA XY M %
YUY X

e OD trigger cut

Sk o PMT A%, WA DA X2 hERIFFICA XY M EBAL 2858, N> 5
MK L7z pKFIck B4R M EHRTL, X0 ERL,
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e clectronic noise cut

— First electronic noise cut
BMEEICE D ) A XA R M EIXY R 72812, HIT A% 0.5 photo-electron
PIF o PMT F % ¥ 3 VOEIGEAR, HIT L7=4 PMT OBUIH L T40% & Y
KENHG, SOV R R BRL,

— Second electronic noise cut

12D ATM D 6FET S 7 A4 XY R AT, 95 %I EDOHIT A%, 129D
ATM ICEBDS 5 T 5 PMT DS, S ZzIN0 kL,

e goodness cut

Aith L 7z goodness DIEMNS 0.4 LI TH LB EICINEZO R, N 7 TS5 TV R
DELNE, N=TF v 7 ZADFER D £ {ATHT goodness DIEFITI Ty, 1INV B
pid, M 4113 MWENZRT— 292 TIVD goodness DR L Trs,

e Flasher cut

TEIT LD A XY MR RIT, LEFHAEE O HIT A8l E > T s 55
ZYEL., ZhZ2IX0 L,

0061762703 0.

4.1: goodness M
WM T =75 T NDA R N & ) A XA R MIWT B goodness 734l + BB D5
ENTOBHNDMINN 227 — 25 > TIVONMG, FHRE DAY ) A XA XY 2R,
Ele. N—=T v 7 ZOHERICEML T2 D13 01278 > T

4.1.5 Spallation cut

SK % > 7 ICHROIAA C X 2T 3L — OF I 0 13, Sk o5 % e DT
D & 57 IR (LT, ARV —3 a3 > 2R K,

p+%0 - p+ X
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Isotope T1 (sec) | Decay mode Kinetic Energy(MeV)
SHe 0.122 B~ 10.66 + 0.99 (v )
B~ n (11 %)
8Li 0.84 i 12.5 ~ 13
’B 0.77 Chs 13.73
Li 0.178 B~ 135 (7 %)
11.0 + 25 (7)
B n ~10 (35 %)
ac 0.127 BT p 3~13
i | 0.0085 B 20.77 (31 % )
B~ n ~ 16 (61 %)
1Be 13.8 B~ 1148 (61 %)
932 +21(7)(29%)
Be | 0.0114 B 11.66
#2B | 0.0204 i 13.37
BN | 0.0110 i 16.38
$B | 0.0173 B~ 13.42
$0 | 0.0090 B~ 8~ 14
1B 0.0161 B 14.07 + 6.09 (7 )
e 2.449 B~ 9.82 (32 %)
4.51 4+ 5.30 (v)
$6C | 0.7478 B~ ~ 4
N 7.134 B 10.44 (26 %)
4.27 4+ 6.13 (v ) (68 % )

3% 4.1: Summary of spallation products.

Z#EZ L. spallation products & FEIZN S BUFPEEINVIA X 2F4E S ¥ 5, 2D spallation
products OHITIE 3R 4.11RT & 912 0.001 B2 6 10 B oERHEZ B, B MeV~
20MeV D B, y2FT D (ARV—=a ARV N boRHL, ZOTX)ILF -4l
Kg==a2—H~U 2 0BHICHWS LB THY., KEBN I TSV Relh>Tnd,
%z Z T, ZH 5 spallation event ZFr WIS, LITD3DDNRT A —% —,

DL : FHMuoWM e T 32V F— A XY hDON—=F v 7 2Dk
DT : ‘FHMuOmE L 7R 2 KT 3L — A Ro MRk L 2 o3
Qres : Qtotal —p(t)L

% F T likelyhood function Z1EY, * ARV =Y a VARV MBELE T 2RDL, 22

T Qrotal 1E. TDANY MLk, p(t) 1T p OWHFO BRIV ICBHl s h e
photo-electron. ZL T L& p OMPFORITHY, ¥ U—&ERL BERERD N
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T v I MMHET 25 GICIEOEIC RS,

421, Qpes PEWIC L > T DL MIMESIEALT 2L RLEODTHLMN, ZD
FNRT EICENZND Qo5 18 &> T DL DU EALL TOD DN D, T D&,
Qres WX T % likelyhood function /8T A—% = ZNZFh 6 FEICHT THEL, 2h
5DBTHTEL T 5,

1000 400

[ 2.5%10'<0Q,,=5.0X10%.e.
200 F

Q25X 10%.e.

number of events

oi['\\\‘\\\\‘\\\\ J_L\\\ OiJ<F’ 1T \‘\\\\
a 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

1500 [

400 [ .
[| 5.0X10°<Q.=1.0X10%p.e. 1000

r F|1.0X10°<Q.=5.0X10%p.e.
200 - 500 |-
[ Ll o Eu RN B
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

600

400
5.0X10°<Q,,=1.0X10%.e.

400 | 1.0X 10%.2.<Qps

200 |

o b R o Lo T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

(cm)

AL AL

B 4.2: Qres @ 6 2 DHIKICHIF S DL 404

B 4.3, B 4.41% ZRLV—var  5L0 ARy NEHWEz DL AV, MO DT 4
ik, ZNZNoD likelyhood function 23R L T\ 5,

Fz. M 451 SK Z Y Z7ICAVIAA TR 1 D Qpes 0T (Fooprerated) T L DOBRAME
IRNVF— ARV NDRj 0.1 BLIAD p &2 iz, 2L TFoRIAMRE 2 0 F— A R
¥ b & EHEROMENA N S E DI (Funcorrerated) €%, 26 2 D DD 6,
71 k& A 7D likelyhood function (Lg,.,(Qres)) LT D & 5 73K,

Fcorrerated(Qres) - Funcm"rerated(Qres)
Funcm"rerated(Qres)

TROOGND, ZNERLIZDD 4.6 DTHFTHDL, EBITID Lg,, (Qres) ZITLICL T
T4 T4 YT Uy Qres WXTT 5 likelyhood function Z3K® 5, Z D likelyhood function
ERLTOLZOMN 4.6 DFEHRTH S,

PIESHBDONTG A =2 =2 HNTARLY =Y g A XY MIY BRI TS,
LU, FHR 38 2.2H2 TSK #Z > 71k L TB Y., BF, BA+HHoERI% >

LQres (Qres) =
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spallation products {2 &5 A XY MINf LT DT 28T A—% —T L BREED LR,
FEFITKE 2 dead time Z3E L RWFRY JFFTE 2, D% Y Z D spallation cut T
i B ~+EF oK %2 572 spallation products IC& 2Ny 775> K%L
Zeut LERTOROENTHEIND, ZORWVERZFR>ARL - a ARy M
DNTIIRIRT 5,

4.1.6 Second Reduction

I HIZLLI T D Reduction ##5HICk > T, SKOKG==2— bV T THWS final
sample &85,

e New goodness cut

HRRES N =T v 7 ZOEEOF VIO N —F v 7 AR BET S, 2hH R
N=TF9 7 ATDWT goodness ZatH L. JTLOHMEKENIZ/N—T v 7 2D goodness
BT 2. bLHEANY ML T A XA RY MEGERTOEES, T
goodness \ZTNE ) A XA N2 kDL ZT THRUWMEIZZR > T BIETTH Y,
Z DR, [N —F v 7 ZAD goodness £ DEL/NSNEEZEZS6NE, Zho DMK
M. TEON—Fy 7 RLATAS—F y 7 20D goodness DEIWNS VB, Zho
DANY XY RS,

e Cherencov ring pattern cut

HHRE N7z direction &. HHREW I NN—=F v 7 206 HIT Lz & PMT ~
DRy MV DHEDERRD DL, ZTL T, EvyhrayIalb—yarypofE
SN AL E DN 53K & 7z likelyhood function & HHEL., Ghknb ok
IMOERL, ZHICED ARV =Y g ARy M, Ruoiliio 214Bi %, D ring
AERT L0 OIFRER L BELRS,

o Clusfit cut

HHER SNz N—T v 7 & HIT L7z% PMT & OFREEME, MORRIAE %2 KkD
5, bL., % PMT OHIT ) A ZAAXRVMIEB LD TH- LGS, Zhb 2
SOMBICHIL T TFRENEG DL Y KERENWEL L, Z0H. Zh60 HIT %2
KOBRANTY D —EN—T v 7 2R HERT 5, ZOLIICTHBKESNN—T v
7 AN (ID OEED® S 2m DIA) Th - 125G, oA XY M EINY L,

e Gamma cut

T2V F—HKICBWTL SK ¥ v 7 DINE. PMT OH T AR EMNE L 5 ~ fl
EDONy 2 75y RiFREREEGEE2ED S, T, FTEHEREShZNN—Ty
7 AL direction ZHIRL. SK ¥ > 7 OWEBHNCREL To A XU "D E D Ik %
BT 5, RNCHEHCREL A X N TH L. 6.5MeV LI ETH DG
N—=TF s 7 ADEEN 6 450cm PIN. 6.5MeV LU T TH 5 HZEIEEEAD S 800cm LIN D
BEICZ DA Ry M EIRY BRL,
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4.1.7 Final Reduction
PIT @ Reduction &, KEF»6D b, £ X2 b DFENTICHWA BIZINA D cut TH S,

e Energy cut

BT HHMENARL = 3 VA XY NORNTOFERE? S, £ 8.0MeV DL T DL *
V=SB TE R FUR TR DNy 7 759 ROEIGWRE VL HR
5D, TDH. KELOMM TIE8.0MeV LI ED ARV NEHWSEHRICLE, DL
FoMEICEY, HERENIZZRIVE-28.0MeV RGO A X M EINYRL,

e cos by, cut

M 4.7 1%, Ajrk L 7 Reduction Zi L 7%, 8.0MeV DI ED = 3 )V —4ilkd A X
¥ MR cos by, MiZIRL TS,

Ko D v, A RV ML, =a— MY J-EBFRELC K > TKBOE 2 XkT 2
B, =a— MY OMETHEIHROMERH L, ZORHI Dy, A XV ML 20
D@ DHIITIFEL Tvb, —T 7, A XY MiE, IR T 5 & 2 ITFIE—RITH
T5, TO%. KEPLREKTL 0, A RV MBHIFFEhb 013D £ @ OHIRTH
%, LLASDROMITCIE. K26 Dy, 4 X2 b2 AL BT cos by, < 0.5
OWIK (@) 2V,

SK 1260 days data(E = 8MeV)

2250 t

2000

1750 ¢

cosB, <0.5
1500 F

1250 ¢

1000

750 |-

500 - 0

=u il - SR o Pt all

250
i U O
v b v b b b v b v b b b by by
-1 -08 -06 -04-02 0 02 04 06 08 1
cosf,,

4.7: SK 1260days cos 0y, distribution

4.1.8 Reduction summary

PlEo U7y a v 2L EEOANY N, KRiSCOMICH WA EKT — 23 T
NeThH, Fle. RUF IV a v AT v TERRELEARY MUCTOWTE 4.1 10RT,
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Reduction step

numer of events for data

numer of events for MC

After real time selection 164771273 1533207
First reduction
Fidutial Volume cut 29528788 1103678
Time different cut 23248492
OD trigger cut 21711646
Electronic noise cut 21636900 1103678
goodness cut 21077368 1088997
Flasher cut 15249791 1085178
Spallation cut
Spallation cut 10797241 21% dead time
Second Reduction
New goodness cut 2910763 10.2% cut
Cherencov ring pattern cut 2183473 12.5% cut
Clusfit cut 1497559 1.8% cut
Gamma cut 267996 9.6% cut
lowenergy final sample(E>4.5MeV) 267996 591005
Final Reduction
Energy > 8.0MeV 40781 346849
cos Ogun < 0.5 25004 258852
Ak T — % T 25004 258852

FA42: RUEIY a v RAT v TERREARY M
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4.2 BRF—AHUTIVDIRIVE—ARY ML

M 4.7 DD WKL, KPS D o, A XV MBHFFE WA TH L L & bia, %<
DARL =¥ g VARV IWFEFEL T0D e EXLNLMBTH D, LoL, FoTnb
LEZOND ARV =Yg ARy MO, BR O EKIHZ B2 spallation
products WER LR > T2 e HEX 6N, TN ZIXY B DIBIFFICNETHZ, 20
B K LTIEQ oW DA XY M 2T XTI, DEVKEPSD g, ITEH AN
YREEL., Ko Dp, 7Ty 7 A0 FRMEERD 1=, [ 4.81F. ZH 6 O (I
MT—=FP TNV DIZXNVTF—=AXT MLV TH D,

events/day/0.5M eV

=
o

10}

10 1

MeV

X 4.8: BT — ¥V TNDTRNVF— AT KL
R RS IR S 7z visible TV — ¢ fitllld 1 H4720. 0.5MeV 720 oA X2 |
V—h&RT

F/2. COHIRICBITEZARL -2 3 ARV MIOWTDEZE, KOBEDo]EEMIC
DNTIIERIRT 5,

4.3 Detector simulation
4.3.1 B8 Za—bMVUJ I5vy IR

BERBETMICBI S 22— ) 7Ty 7 RO UL R THIE. 2AX7 My
PMFET B35, AU BT 1998 4FIC J.H.Bahcall,Sarbani Basu,M.H.Pinsonneault
W&o TRRSNEBEERGET V. BPIS [21] 25, 2O BPISICLS 8B == —
MY DARY SNV ERLIZOBH 4.9 TH S,
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=
o
w

Jem? Jsec IkeV
H
(@)

=
o

0o 2 4 6 8 10 12 14 16
Energy(MeV)

M 4.9: 3B =a— KV 75y 7 ZDMFHE
BP98(Bahcall-Pinsonneault '98) Z {37z 8B =2 — VU J O AT b, == —
NU TRV — (MeV):AMEHNET T v 7 A (Jem?/sec/keV) 23T

4.3.2 U,+p— e’ +n crossection and cosf distribution

A== N I T Hh TR TCD b, A X ML flikho#E 22—y he Liz=a—
NY BB FHELTIFEE L, free proton 2% — 7y b & L7LI T DX,

Ve +p—>€++n
n+p—d+y(2.2MeV)

FORET L, ZoNNTEFEEUCHAR. RO BERTTREANY 100 % (at 10MeV). Hl
K& E LT8G EBRICANTHH 20 O BHIS NS A N2 R, KL
TlE P.Vogel & J.F.Beacom I & - CTR®D &N HELKTHIRE, KO FRAEPZE O M
EHWS 22, [ 4.101% Z0FHRICE > TRO &N vp OHELBYAIFE L. AHTL /=
ve LFREL Tz et OFEIfSMI (cos0) TH 5,

ZORMPE=a— MY )OIV E =D MeV Tld, FET S et ld=a—NJ DA
Whm e ofichi s oicef L,y H MeV TR T 2 B8 005, Zhid==—hKV /-
BIHELORE L B 2B 06, KBEPOD 1, A XV M ERWT 2HO KL KX 2kt
ch o,
¥l ZITRETS et DXV F 13

E,. =E,—1293 —a

Lipb, 22 TCTald, H1IKAMDE et ORAELIZAFICLZHIET, 20 a D5 %R
L7zOM M 4.11 &N 412 TH 2, ThZhif o KTl (E,+ = E, — 1.293). & 1 KTl
ZHOWEzp, L et 03V EF—DMEZRL T0D, FoMTIE o, DX VT —ITet
DI F T L TH—TH S, F 1ITMTIILNY 2 FOFRN» 5, KiaLoy
Ralb—varCld. ZoR1IEMNCES et DZRIVE—, cosh /M. HEELKT IR %2 H
W5,
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30 ¢
25 |
20 ¢
15 |
10

6‘ | ‘2‘ | ‘4‘ | ‘6‘ | ‘8‘ | ‘10‘ ‘_‘12‘ | ‘14‘ | ‘16‘ | ‘18‘ | ‘20
Crossection MeV

0.02 ¢
0.01 |

-0.01 |
-0.02 |
-0.03 |
-0.04

0‘ 2‘ | ‘4‘ | ‘6‘ | ‘8‘ | 10 ‘1_2‘ | 14 | ‘16‘ | ‘18‘ | ‘20
Costheta distribution MeV

4.10: crossection & cos @ 7MAfi
FOBIERAEL = ot OFERR L CEEMEL 72 5,p QBRI [10-120m2): Fo B
MU v, 8RR LTz ot OFLIEEMI (< cosd >) 2ET,

=
o

=

o

3 | 3 I
= =
S 141 S 141
g [ g [
T 12 T 12

L) [ L) [

=
o

=

o

[ee]
[ee]

6 6
4 4
2 2
0 2 4 6 8 10. 12 14 0 2 4 6 8 10. 12 14
v energy(MeV) v energy(MeV)

4.11: Oth order output positron energy 4.12: 1st order output positron energy
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4.3.3 Expected AR b

AR L7z 8B =a— bV J D AXRY ML, KOHERERZ Hy, 519X To 8B
Za— MU D IELLGE, £/, 8 B=a— MY I XRTy, oF F SKIZH
ELBEGORGEEROE . KTHEFOTHIAXRYZ MV ERLEZODOMH 413 TH 5.,

events/day /M eV /22.5kton

C 1 1 1 1 1 1 1 1 1 1 1 1 1 ‘ 1 1 1 ‘ 1 1 \J_A; L1
0 2 4 6 8 10 12 14 16
visible Energy(MeV)

B 4.13: BlHIE B TFHIANXZ N v

CDOMAIRT I, v, ARV MEy, ARV MTHAR, &Y KEZR visible TRV F—
ERT DHEBNND,
F72. 8B=a— MU BTy KB L R D 7 5 v 77 2 & gk U 7= HEGELKIARE,. cos 09>
H&EIY AARIEEROY I 2 b= gy &1, S 6ITY 7T — & LElkkD Reduction
EPFREOT RN E— 2R MVER] 4.14 1TRT,

4.4 KEWNODREBFZa—bt I J/)T59v I RADLRE

Pl —2f#tr, kKOvIab—yarzHuTIlioT—2 %G, =a— KV
PN oGE.

o T TAE UWIEET 5 &) RAE— AV MEFFD
o KB ORHSHHREN

o HEENH, IRENZILT

o ¥ATFHTF

ZHWEBEIC. KBEPORRT L e fF s XEF=a— ) )75y 7 2D LR
li#RDz, TORBEERLIZDME 4.15 TH D,
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events/day /0.5M eV

10

10 |

10

P R
10 12 14 16 18 20
Energy(MeV)

4.14: Expected A7 k)L

49

SB=a— MU JMIRTCp B L e UEL CEYTANMVAY I 2 b= a UET,
§RTD Reduction ZMF7EDOE DTH S, Fililild visible TRV T —, ftllidA X

FL—bh2RT,
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=
o

Upper limit (% : 90%CL)

5 ol

3 T T

Tt
1 7 \ 1.75%

:\\\\\\\\\\\\\\\\\\\\\\\
Og 10 12 14 16 18 20

Energy(MeV)

X 4.15: KB e 5, 79 v 7 20 FHYE
R B S Nz TR VX — Mt I KB CRAE L S BE M=o — N LTy, i
L. 8B =a— MU ) DARY MVERFL Iz FHERCHEL /2 & UE L 7285510 #l
HWEhd ARy MieREED, SK TRHIEN/ A XY MUERHWTZOT T — (90%CL)
PEW T LYl
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Sl DFEMT T

O(7,)/®ppos(®B) 1.75%(90%CL)

1.77%(95%C'L)

VAN VAN

W IR EF,

KT, BT =AY TN T HNAT = F Y TN T 49T 4 VT LIeTF— 4
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