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Abstract

BNL E926 F£Bk [1] 13#iiiEE K9 — 7w O3l %E O(10712) O sensitivity THIET S
ZEHZHEEL TS, ZOERTYH - &b HEEROITHREDN 70 + nothing THDHZ &
ERAETHZETHY . RRD background THD K) — 7970 Z R 7202 H om0
v OFRHEEEZ S 572 y-veto THIEMHEKZ BB O WERH D,

Fx DB EHED TV S Photon Catcher 1LE D v-veto D—HThHY |, B —LX T
EICBNI D, EDTD v I L TEWRRIHRZ RO L [FRFC, B — AP KREBIZEF
NOFHEFITH L TRETHLMER H D,

41T ET BNL E926 EBROMH/ARY I 2L —3 3 )5 photon catcher @ v (Z%F7
DRI ROBRAKAER | = LF — 200MeV LLEIZHL T 99% Ll L, 100MeV PLEIC
LT % LEEREL, £t —LT7 A PICEHEND PHFEOWER RS |
300 MeV (800 MeV/c) LATFDOHFMEFITHT D sensitivity 25 0.15% LT TH 2 LER H
L ENbhol,

ZOBERKHER T2 Frexid Cerenkov HEFIALZMHERET FA L [2]. 44
JERBRIFERR ZERRL . £ ORI Z T y o454 INS-KEK @ tagged y £ —
LTHIEL T2, TORER v (T3 2 BESRKIEZ Z 72 372D IIM B OB EZ 7T0MeV., F1Y
WZTAULRWZ R DTz, £72 RCNP OHMET TOF 7 A 2 CTOHF T sensitivity H
FEEBZ LY | T0MeV, M OBMEICRET D & 70 OAERRBIEL Y TiZ/25 300 MeV,
200 MeV(650 MeV/c) OFPEAITHL T, £NLH 0.09 %, 0.03 % D sensitivity &
720 BLRAKEETZL 9 DFEN DI ol FTo ¥ OARBELY ETHD 400 MeV
(960MeV/c) DHF T TH-TH 0.3 % D sensitivity ICBE 2 H D2 ENbnolz,

ZORFIZ LY . Fox D Cerenkov HEFIHL IZMRHERT F A O RN EL N &
DIHED D BTz,
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1% Introduction

K? — 7%w 1% direct CP violation D@ TH ¥ | FFIEFEAO THITIL, £ Dok
28+ 1.7)x 10711 TH D [3], TDWRDI3IE LD K E S 1% Wolfenstein parameter D
DFRIZEFL TEY . KT — atvp OREELMABEDEDLZLIZE-T, Wb =
2 ZAEORE EMICIRETE 5, 2L B OPBELE AWV E#E 5 x| B
BRIDORFHENLD EBEZ BTN D, L LBIFEOFERR Eo ERRfEIT 5.9 x 107 (FNAL
E799) [4] TH YV . FEBE TAEIZITIEY, KV IEMICHIET 2720 O%ERD . FNAL [6]
X KEK [5] 2E TRIESNTWAS25, BNL E926 AL Z D —D>TH D,

KY — %0 ORIEICBNTH > & bINEERODIL, background DERETH 5, AT —
R ORIEICIE ., FEARBITACREED 29 + nothing TH D Z L 2T 5720, KY OB
D JE % veto detector TH# 9 MER & 5, F72 background THD K9 — 7%7° — 44
(47U EE 9 x 107%) & DEfRND vetor detector AT 1 DD v Z miss §2MERIT 1074
KV, REVWHDTH > TUTWNIT 20,

592/‘7753‘ BAFIZ 72 > T % Photon Catcher (% veto detector D —# T, B — L%

\z ’75>ﬂ“L5 K? — 7%°% @55, 2 4 7% endcap calorimeter [IZADRMET (DFY
IxL — mOup IZ[HiEDIL T background (2780 9 25&MET) &V Oy D 5 HO—2LL EAR
E— AR/ 2R TE — A7 U ICRGA L ERIT 3 x 1072 REH Y (Y I=2b—Tav
IZE D), BE—LZ T ERTD veto ZHERTHZ LT TE72, LAL Photon Catcher
FHHEE — LT A OB —LF U FITBIN DT REOTHEFO AR TFHSh D,
ZDTOPHEFIZH L TRETRITIUI RS20, bbb 4 126 L ThH HBREDRK )
TEMRL DO, PHEFICH L TUTRETRITIUT RS20,

R I 2 b — a UV OFERIZE D & Photon Catcher @ 4 (12X % veto DEES)
& LT, energy 100 MeV LA ED 4 1ZXL T 90 % LA, 200 MeV UL LD v IZxFL

TIE 99 % MU EORMHIZh R AN /24T . BNL E926 325 LTI+ THLIFN T I 2
L=y a il i binole, —J5, FERCE — LT A v kicE OREPFRFET 50
HEL 72fERICE D &0 PPEFIST 2 ST o AERBIE (300 MeV, EBIEIZL T
800 MeV /c) LA FDOHFMEATHKL T 0.15 % AR TRIFIULZRE 7220,

Z DT #21% Cerenkov KEFIALIZ, $8-T 7 ULV R A v FRIA 0 Y A—4%H
FHLUTZ[2]e ZAULEAT v DEFHETFZRAERL | RO AEA 72T 7 U LR TR
T2 Cerenkov XEBT2HDTH D,

ANIRLF-DFRRNL ¢ D EIZES ¥V —2 B L TREOE BB E2/ED DI
L., FHEFERFEICREFEEERICE B ZL T o RGO X 5 RBEWRLFZ2 4K T 5, &0
5 Z ek D, Cerenkov YDFNOBEITRFD 512X D72, BRI FIE Cerenkov
HEFKXLSLVDOTHD, T, EHICT 7 YNVRETOEKRFEENTZ LI L
V. KFOFRHMENEEO DL ENTE D,



¥ 1% Introduction

FxlX OB AW TR R Z /ERLL L 1998 4D 6 H & 7 HIZ v OfetizhR L
PEFITXTT D sensitivity ZHEL 72, TOFER, BUEDOT 1 TH _ERLoBRHzhEIC &t
THERMEWT-T 2 ENTEXDENDNST,

LS 2RO overview T 5, LA, 5 2 FT BNL-E926 EEBRIZ DWW T AR~ |
T. % 3 =T Photon Catcher (259 2 ERAKUEIZHOWTEEL < 2245, £7-Cerenkov
Hxk T A ATONTE 3 BTHRARDZ L0 5, &4 ETIE 4 kT 282
RBEWELTZ 6 HOFEBRIZHOWT, & 5 ETIIHMETITXT D sensitivity ZHEL - 7
AOEBRIZOWT, ZNENMIAT 2, &EZICE 6 BT, flm. BEIRNESHOBETHON
TihR5,



$£2F BNL E926 £Eill=E

2.1 KY — 7%vp O

BNL E926 FBRIIFAE K — Ovp ORI E O(10713) O sensitivity THRIET 2
ZEERABICIL TV AERTH D, Z ZTIEZOYBAHRITRND,

FEVERRC %595 72 Feynman diagram X 2.112HIF 5, HHO Vg, Vi, 1370
M-AENATHI

Vud Vus Vub
VI(M = Vcd Vcs Vcb
Vi Vis Vi

DINTGA=2TH %,

K < KO — K° Th2mb K, OIRIEE KO & KO OFRIEOTHTAES K DI
LoThobbansd, K° OfE#EEH 5 DT diagram & KO DA H 5 T diagram
TVVis &V O EHEPEHR I ORI/ 20T fERTFIRC L > TEEE DT V3V,
DRI/ D, 2L Wolfenstein paremeterisation

1—A%/2 A AN3(p — in)
Vienm ~ -A 1—A?/2 AN?
AN(1—p—in) —AN? 1

ERNWDE np TREND, 2O n i3/ IENATHIONAHETH Y | direct CP violation
DRESEHL DT, K — 7%0 OFILOREIL, 20 n ORE S EZEHEMD Z LM
TELHERFERTH D,

K? — 7%p I LT, Kt — 7tww IE charged mode LFHEN %, &AL CP 2%
WRETILRVAS L ZOIRIEE Vig (BT 5, AIR-R)IATHIO =2 U1k 0 = VgV +
VeaVi + ViV 0o Wbwwba=2Y =fJF (¥ 2.2 Z2) 255 L K — 7% &
Kt — 7tup OZODF—R TEZOREEWRETRD D Z LR TE D, BIETOILEL D
ELTW5D B-Factory OFEBROELREMNE ZO2=4 ) OB EEDH L THD
M. ZORERE OGN DIFHERTN A HRET 2 Z L3 TE D L FAIRHT | BEERN A = 2
% “new physics” IZHIRMWHIREZ 5252 W TE 5D,

72 KY — 7% O IEHITBERRANC b RN HEENME <FHAET 5 2 L3 T& %, Hadron
current DITHIEHR (r0|(sd)y_a|K) 13 K+ — 7%y OITHIEHE (20(su)y_a|K+) &
isospin symmetry OBRIZH 223, BFITFEFRANC LIS L O TEY | FRFOERER
B KT 2 isospin symmetry DN ORKE S L<FHiSN T\ 5, 72 QCD @
2% long distance contribution &/NS < T KDL D A FEETES D720, AR
WERINC KD & plEklT (2.8 4+ 1.7) x 107 EEHE STV D,
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2.1: KY — 7% 2R THIKIKD Feynmann diagram(FFERAZE), ThZhO
diagram (28D Vi, Vi OEND CP B OIER TN D,

ZOX D IBENCIEFICHRERNE — R Th 5 & AR It bR E R S FHRTE 2
IZH BT, BIEOFERR Lo EIREIE E 7285 TARIZ LK &0 (5.9 x 1077 (FNAL
E799)), €2 TID K? — 7w Ok Z EMEICHIET 572912 KEK ®° FNAL 72
E TR OERNFHE S TVWD, BNL E926 L ZD—>TH Y . TOF (Time Of
Flight) 5% HWIZEB) FH)R B O IEMERREIZS £ -5< event DFEENFHTH D, K
HiTZDFRBRFEL IR,

2.2 BNL E926 £E&

K? — 7w OoIEIE ~ 3 x 1071 BELFIR SN TEY background & D & 5
(ZBRET DN EEI R ->TL D, FIZE B2 background AL B 6N TS K9 —
070 — 4y (DL ~ 9.4 x 107%) LIRFIL 220 72Dl #IRIEDS v MDA TH D &
TREEL 2T IUL R B 7220, D720 E W efficiency & &0 v BHHER (v-veto) T HABERELL
D MHEmZE > TLE D (K 2.3), FxrMBHIEL TWD Photon Catcher &% D y-veto
D—HTHY | B —LF T HIZENI D, Photon Catcher (IE—A T A 2 B2
D28 YIRKEBOTMHRIFIZE 6 INDT EIZRDD, ZILTH veto & L TEID 72T
UL TR B 720,

L2 UBLIEIZIE 100% FEEIC v 2T 52 ENTE DI Tt e xBlllls
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(0,0) (1,0)  (c-quark contribution)

2.2: KM 17810 unitarity 725 &2 % unitarity triangle, K9 — 7w 22bZ D@ S
RODHZENTED,

Nz 4 B HE T E 72 LTh, 130Ty BIEEL, Zha REE L TL o716
MEETELZLENTERY, 22T, BHIL7ZZHD 4 IZHOWTHMEIZ S &DNT
EENV RS OERB LR RN T A—Z —Z MR L | background (2L T K — 7% w0 @
event Td DR mWOHIKD A% “signal tegion” & L TCERHAT 5, - FERL &
EOHLEZ mO L1201, 2 < OEMFHELBNT LXLERHD, &xXn )
A—2%— (Endcap calorimeter, ¥ 2.3 ZM)|% vy O x/F —L[ERHI T, (L&, KE
ZIEMICHETE D ZEMNERINTVD, ARAZKERSBINT L Z LI3EEL VW
E— A3 AL 125 mrad. BT 4 mrad (2 FE T collimate SN THEY . ETFHMAICIEFIZ
WAL —LZHND Z LI E2T, v OAFAND K ORABA, FHIE — A5 MO R}
BRICOW T LS R T 2 & TE D,

BNL E926 Ti& 24 GeV/c DFFE —2L% micro bunch #iEIZ L T target (C AH St
%703, endcap calorimeter DIFHA G B — LGl W 0D AR R ONLE & AREEL 7oREZ123 o7
HDT, E—LAKOY A I 70 FEOBHRL7 (FITIE KY) OMEEZREERLSMD
ZETED, NI Lo THRFOFFILRICK > TV 2 &N TE | ABLRRORHEIZIS
U 72E®B PR cut Z WD Z &R TE D,

2.2.1 Beam Parameter

Bt — A% 24 GeV/e T, 3.6 sec Z LIT 1.6 sec TRD pulse & L THHEZRH Y H
SNDH, 2D pulse [T E HITHERT micro bunch #IEIZ 72> TI Y | bunch fE# X O(100ps)
FEEE . bunch MBI 50 nsec TH D (¥ 2.4 ZH), F£72 pulse FUTIE 5.0 x 1012 [HFRE
DEGFREEN D,

KY RERZENLPIEE — LT, target [ZHFE—L2 4T, 45 EHMICHED HL
TH5, YIab—varilkde, /Bod K) © flux (3 2.5 x 10° {8 /pulse FEET
b5, IMBRMET@Y HTZLIZLD, K oE#REZHH S 2T TOF fHFla R <
DT ENTE D LM, © EWROBE (~ 800MeV/c) ZZ A5 & 5 amT R/ F —
FHEFO flux S T2 A TE D, PHISLD KY OE#HERSMEZK 2.5 IR0 TE
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SIDE _ELEVATION

Target/Absorber/Collimotor “Catch
LY.
e — = —— — =
N T oo
vecuum | | | [TTTTTTTTTTmImmmemq | ) B
System
~ 107 torr
\ [ )]
10 3.5 15 § )(
Vacuum Preradiator
\ ¥ calorimeter ]
\ L.— (Endcap Calorimeter)
\
I
S S .

2.3: £926 EBROM AR, BT —AMILEMmO X —5 Y MYz | £ TRAELE KY
=LA 45 IR Y SR TRIBEHTE N 2, FRISESER A IR L 72 b 0,

<o HENEIT 0 GeV/c <26 2 GeV/e FTIRL ML TWDHR, BE—AIZRKT D
background ZPi< 728, TOF ZFIHL T 0.5 GeV/c 725 1.5 GeV/c £ TOEEEL Ff

¥ veto detectors

D K OFELNBEL R,

EELARTNERORVDIZE — AT A v FIZEE T R LF— 100 MeV LA T O
FHRHIZ (~ O(10%9H2))) FFET D ZETH D, ZDd, FCHEETEFIZSEEND

Photon Catcher CTIEZ XL —D P AT AN TN EETH D,

2.2.2 Detectors

BNL E926 O HERIZBEIL TUL FICfHEIZIR <5,
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2.4: BNL E926 Tl 28— LADHIE, 3.6 sec Z L1IT 1.6 sec TED pulse Z Y H
9, Pulse 1Z & 512 micro bunch #&EZ - T\ 5,

35

Kaon flux/GeV/c
(x107)
NN W
5 o o o o
! ! ! ! !
T T T T T

o
|
T

0 T

\ \ \ \
0.0 0.5 1.0 1.5 2.0 2.5 5.0
Kaon Momentum (GeV/c)

25: YIab—varmrb TS K OEEERSMN,

endcap calorimeter

Endcap calorimeter | ARG O &% BIZH U | preradiator & calorimeter 226725
TW5, Pre-radiator (XEIZ v DAHA L ATEZPET 2O0REEIT, v OFA LD fERE
1% 0.02 radian F2PE . efficiency 1% 0.7 B ERIN TV 5,

Z D712 | preradiator D7 FA &L TL, v E T HE X convert” 2
converter &, FIUZ K> TRAELTCEFRE OMLEE HmiflET 2mbgGELHraoE
TEV 2= V&Y | ZOEY 2=V EHAERD AN REINL TN S, 725 multiple-
scattering DR % 0.02 radian BREICIBE X 5720, FY 2 —/L—2DET 0.05 X,
LR CRITF UL 725 720,

T RR =YL OR R TIER 2.6 DX I REY 22—V % 42 TV 2 —/LEREDEDL 2L
DIEINTVD, TRENDEY 2—/LE 2mm JED scintillator, drift chamber (& %
UM straw tube detector). cathode strip. 0.025 Xy @ radiator 22572 > T %, Drift
chamber @ wire (ZHE[EL72 )7 [A] DAL E S FFREITA 150um T, EAT2 G ML cathode HE
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Anode wire
Scintillator

\

— Chamber

N i
0 5mm Radiator(cathode)

B . .
Cathode foil+strips

2.6: Pre-radiator ™7 ¥4~ (BNL E926 proposal (2 & %)

H L T 200pum UL FRREEIZ 72 D, scintillator & drift chamber ™74 VT scintillator-fiber
ZRMT 2R D,

Endcap calorimeter (% preradiator D% AIZE03L, HFEIL 4 x 4m? Th D, FERE
LTI,

o M RHEDY 60ps/+/E(GeV)
o TXRLX —FREDS 2 ~ 4%/ +\/E(GeV)

e Granularity 7% 10 cm

MHIT HITWD, FHlIIZIE BaF, X Csl LW o 72flidlia V2T Th 508, fldhi

EfliZ2DTE 2.7 DX 97 “KLOE type” [7] v ) A—X—REEIN TS, Zh

1% 0.5 mm JEDE T — MIEL lmm JED scintillating fiber Z#DiATeH DT, KLOE

group Tl o(E)/E = 4.4%//E(GeV) ZERL T %, £7=REHOREIL 20 ~ 300

MeV @y 125 L T\ 34ps/\/E(GeV) Th D, 7272 ZOF ETIFIREZM RO TY

YTV TR KD RREDAE IR D~ DI T H20 | fnDJES & 1/3 D 0.17
miZT 57 A ERFL T\ 5D

veto detectors

Veto MHHAR BT v IZRT D2 AEEN 107 LR ThDH Z BRI TWD, 21
IPRER RIS CERTRERIETH D L EX TV D

N IVERGT D y-veto 121X AR — YL RERUTRE 4 fi@*ﬁﬁ‘ bFonh TRy, 2L xiX
0.5 mm EDHZHE 72 “KLOE type” O Aa U A—4%—X ¥ 28D K 972 1 mm Dfh
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Magnified
End View

7 mm dia.
Fiber

2O N
SIS

2.7: “KLOE type” calorimeter

/2

& 5 mm @ scintillator ZFEAEDHE, WLS (Wave Length Shifter) fiber Toiid &1 >
fehim ) A—=2—=P3EZ 6N TWD, £7o, 4r Z TELLRTEDRTIRE 202 |
RO A Y OAIC b y-veto ZELS LERH D, ZHITHO RGO 28 DX 9
BT A UPRESN TN D,

v 723 TR0 KY — ateFy (M ~ 39%) D X 5 72 background ZRET 57291
AR TS D veto BEHETH D, LTOTOBMHIBORNIOEIZDV72< & H 1 em
® scintillator 236 <, F7ZAAEEFIED FHRMAIOE — LR —/L 06 $hiT D kL5t L
TIX. magnet T sweep L T scintillator T T %, Veto system &L L T, fardhz
F—fl % T HERIE 0(107%) LT TRITFIUZ 25 720,

photon catcher

Photon Catcher IZMHEBIRD i FIIZENI D y-veto Tod V| AAEREEE T i D
B — AR/ & (MLRAIIC) B IR T D, B —AIEHMEF AT 4 mrad. BEH IS
125 mrad DJEN Y ZFfFoTNDH 5| target 705 28.5 m $5 D Photon Catcher D&
TIEMEST NS 11 emy AEHHNS 3.6 m AR > T D, ZOREEEKREEH N, 512 41
K DER ¥ U —DJRN Y Z#FFEL T, Photon Catcher D KE S FPRES4 5, Photon
catcher IZDWTIX, BOETORFEL <filit 5,

2.2.3 Sensitivity estimate

Lpulse 720 5x 102 HEGFAHL T 5L FHEFENTO K9 ORI 1 pulse &
729 1.9x 107 fHld D LHEESN TV D, RIT 8000 FFEIFEERZITH &5 L, Boh b
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WLS fibers

90

PPz DV I DIV TR A\\5 J/‘
’ ’ - ’ .u
mm IIIIA n» Va All}’ A7777]

l\\l IIII AN lll”ll//ll\llllll////‘l\\l I!III‘I\\III’I/I/‘K\\"III

Plastic Scintillator

WLSfibers

AN
@ @

2.8: Barrel veto ICHWA Z EBREE I TV D detector D prototype, Scintillator (2
WLS(Wave Length Shifter) fiber Z#&iAZx . fiber Zffi > THiAH T,

K9 ¥z
Nig = (1.9x 107K decays/pulse) - (8 x 10pulses)
= 1.5 x 10K decays
KY — 7%p O5IE 3 x 1071 L9725, £ DF— R D acceptance [TILIAEMARE
B 1.6 % LAHliS TV D, LA - T,
N7T1/17 = NI('€'BT
= (L.5x 10").0.016- (3 x 1071

= T3events

2.2.4 Backgrounds

BBE 2TV > T, background (3 K9 OREENG KD S D L | ORI TF DR S
KLHHD, ZCL“CI: — LR AL DD DD, ZDH5H K OFENL KD S DI
K? — 7%p LFU timing THDH0, UK TOF (ETRET Z LTk, £D»
P dr-veto EIEENFHILEIZEL D cut TRETZ LIRS,

K? decays

29 DX IS EE FRMEEET —F 2RI > THEANTH D, K) — 7%0 DA
Y ME endcap calorimeter (& 2 fHD y 23 AV | MO —UIRE 72002 & & 2
KT %, £ THRIKRBIZ 2 v Z2FFo TV D L ) RAEE— R 2180, ko xiL THD
DFLAITIEL T veto BHHERDO BIEETH 5 4 1IZxfL T 1074, BRI FIZ%L T 1073 @
EZNT, EDLBWEBIT 2 2B TRAUL R U,

10
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Lol b REIKELDITEIR K — 29 THY, KB K — 7ta 70 THDR, D
TolX TOF #EE MV K Of RIS S KL TEB PR EZHMKTS 2 LIk -
THRTE %,

BRI K9 — 29y F—RIETERETH L5006, —OD 4 Tmass < ATH K,
D mass [IZLDRL WD HEBRTE 5, 72 KY — 7ha 70 OBEIE. K OFF LR
T2y 16 70 OEHELMATZ L T, KY — 7% @ event LT 70 DOEEN RO FEHIE
RESERD0, ZhvbHRTE 2,

ML 7970 BEECTH Y . ZHITKIREE 49 9 6 29y Z2ZNZE4 107 T miss L 7=
ELT. KY — np OFEEEFFUZ L 2 TRIEFEL < SWVORIELRE->TLE 5, 20
F-RITHLTH, FFL T | BEERRHREZE 2 LItk > Th 2 REHE
By o2 LMNTED,

other particle decays

10 BAERTAERET—FITA =1 BHDEIN, 45 FL W H KAETOERY HL o7
D AT RAF =KL | BREEEIIC O ETITREFA D EL TL % 9,

beam interaction

FAFEF RN A EHHEAEHL T 720 ZHT nd — 7%4' REBEZONDR, 2D
background (T — A7 A LV OEZEEZ 1077 Torr EFTHF->TWV - THI x5, £z 70
ZAERT D &9 72 800 MeV /e L EOHPETFIL, target 7D K B — A% RAETEDY
HIZLICk 0 EEDbRlTHZLNTED, £/, TOF EZHWLZET 10056 24
GeV/c LW oo REREBEA FFOPIET L KY OFED ¥ A 2 7\ A 2
ETLILNTET, SHIHELRITHILENTE D,

summary of backgrounds

IEDHENS KY — 7% 28 70 events B S41 5 & & D background DFAliZ K 2.1
(2”9, S/N F(N(KY — 7%0)/N(KY — 7%%)) 1% 9 AR5 & FHISHA TV D,
RO bONLEY . KY — 1% 2% background DHFTH—FZLL,

11
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# 2.1: K? — 7% 7% 70 event BIHISH HHFDFE % D background DiFAfi, Process Z
LI ERFR EEZ R LT,

process modes main source events
K% — 7 70
K, decays (7) 7970, 707070, 70y~ 7070 7

Ky — vy yy ~y 0.04

K, decays (¢) rreFy, ntpFo, rtr- ety 0.01

Ky, decays (7,¢) rtr— a0, 7 Fpy, 07 Fy, tn—y rtr— a0 0.003
Other particle decays A — 7%, K~ — 7~ 7%, %t — 7% A — 1% 0.03
Interactions n, Kr,v n — n° 0.5
Accidentals n, Kr,v n, Kr,v 0.3

12
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8 3% Catcher Design

a3 rgE, BFIZHT2 > T D Photon Catcher X y-veto D—F & L T v 1%L TEW
RN FREZFFO L [FIRHZ . B — AT A BN D 72D FYEFIZ R L TUIRETRIT
b, ZO—RFELEEREMET D720, Frxlx 7T 7 UL TO Cerenkov %
HEFRALT28n-7 7 YUY R A v FRn ) A= —%% LT, 22 TIEET E926
FBRA2{KD> 5 Photon Catcher ([CER & HMREZ IR ~7- BT, JRBELL | BRIEROT A
DWW THiliL 5,

3.1 Requirement
3.1.1 ~ BHEE

Photon Catcher IZZR S D v HIFIT, b HAAMOMIHEENE DRREET v &
MRHTE 2D0NKTFEL T D, TOTDBHFEO BEEE LT, oM —HIZ 0(1073)
BEOREEE > TV DL THRY I 2 — 3 %47\, Photon Catcher O
HiZh=8 & DR T oL +4312 background ZFRETE 2 D0 RETL 72,

F72 background 28 K9 — 7% THDHZ &b, ZOE—RICHERL Iz I2b—v s
YETO, K — 1% -4y 55 “HOLED v 7% Endeap calorimeter (2{XWN o729
Z T, EHIZ—2LLE 4 2% Photon Catcher IZAD, &9 A )3 Photon Catcher
PDELE Ffo THREL RTFIUIRLRNARY N ThHDH, TITEDL I AU b & IM
event AL 72, £z, HEOLOIZ KY — 7%0p — 2y & 10K events EL 7Tz, ZH
DIFHEIRAED 2v M7 & S Endcap calorimeter IZA D Z & ERL TV 5,

m¥. RO K OEEREIT 550 MeV/c % peak fEE L. o 2% 400MeV/c TH
& 972 Gaussian ThHDH L L7z, o, I I a2 b —va 89 FHERDOR
AFERSMAED bOL L TEEZE 5> THLICHL L TWD, RBEZDIERND o
3% 3.1 DEEAVWTHW D, ZHITEER RS TERWRERMETSH 5,

Endcap calorimeter (Z AL 72 v IZOWT,| [BIlS 7z ) HHE AR &2 HWT 29 O
invariant mass (M,,) & K? #l R COEBE (PF) Z L& Do Mma K 3.2
Y, MO EBE o0 K9 — 7970 IZHKT % background DA T ABUINAIZ 2 23 [F]
U 1 lZHKTHHD (even pair) & 2y RENENHID 7 IZHEKT D HD (odd pair) T
b2, Fle—FTFTOBET KY — n%w OREE T, LEREKT M, ® o » 10MeV /c?
THDHIEND, 29 B 7 MHRTVWDRMEL T, My, — Mo| < 20MeV/c? Z £
T 5,

F7 even pair % & T cut ZEZX D, Even pair D&, PF 1% 210 MeV/c & HULIZ
o =15MeV/c THAIL TW5D, £Z T30 ~ 164MeV/c LLFT cut $52&1F5, =
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% 3%  Catcher Design

Barrel (L=3.5m, R=1.25m)

Frontcap Hole N,

—

\

\ X

—— Endcap Hole

</

Frontcap (z=10m)

\

<
Endcap (z=13.5m)

Photon Cather (z=28.5m)
H=3.6m, V=12cm

/

30: Y2alb =y a VIZHWEWEORE, K 1X356I2 10m ERTRAESE, fik
TR CTHIES 2 2 & 28R 72,

MCEY ., KY — 7O 13 24 % EZFED,

Odd pair Z¥% LT cut (ZFZOKLEF NS TIFEL VY, £IT K OFFILRICHIERL
T, MEES Py BRERC 2D vy O VX —3E |EX — EX | & &0 scatter plot Z{ED.
3.3 WEORERIZN | AN K — 7O%vp, FHAR K9 — 7970 O A4~ T X 55540
Thd, AMMOET Pr = 210MeV /¢ AT ORI FAT72/3 R 73 even pair (ZHKL |
BOIZDOD D3 FiT odd pair IZHKT 2, KY — 7%° O A _XU P 28R L cut T
HITIE. Pr =140 ~ 164(MeV /c) 138D K9 — 7070 DA X 3Dy a2 41 - T
RIUT L, LIER 2 TRO K 572 cut 28T D1,

7 3.1: Endcap calorimeter (ZARGE T 2 HIEFRZE,

o
v energy 3%/+/E(GeV)

AL E 4.5 mm
NS5 1A 25 mrad
timing 0.25 ns

To (RF timing) 0.1 ns

VAT 1 4 23 catcher IZAD & 9 K5BR7R event DA ZR STND, ZO cut 1XZFD K 5 REFERR SN

16



3.1. Requirement

: .| _Entries 1450 C Elnt‘r'\es 1450
: TFEFT7 5 50 B A
100 o S g AN
r 100 Froi S
50 ; 50 ;
O VL Lol 1 1 1 1 ‘ 1 1 J L O :l 1 1 1 J 1 1 1 ‘ 1 1 1
50 100 150 200 0 100 200 300
(MeV /c?) (MeV/c)
Myy (even pair) P (even pair)
L Entries 5768 C Enty 5768
i ‘ 200 [
100 o Wil e 150 o TR
5 100 Food i
B0 [ F
i | | SR |
O 1 ‘ 1 1 I 1 O 7\ 1 1 1 ‘ 1 1 ‘ 1 L
0 200 400 0 100 200 300
(Mev/c?) (MeV/c)
My (odd pair) P7* (odd pair)
Entries 10000
400 [ N EE
200 |
O 7\ L | | | | ‘ | | |
0 100 200 300

MeV/c
P (mvv) (Mev/e)

3.2: Endcap calorimeter (Z A7z 2y OFEEECARANG | 25D 70 26k TWH
%L LT mass CEIHEZ AL LD, ETED K — 79%° 226 3k7Z background 12 &
HHDT, —FTDOEN signal ThD K — 7w ICEDHDTHD,

o 140 < P* < 164 (MeV/c)
o |Ex — E5| <75 (MeV)
o PF> (1254 0.5 x |EX — EZ|)

WIZZD cut DFTEDLIBREFAX—D v MEIZHIC /> T D0 &L, £
D722 Photon Catcher ICASTe v D= LF—L [ HH0EHDD v L O &
AUT RV, Cut AifE . cut BOKEZNENK 3.4 LK 3.512~"F, EBIE scatter plot
ERENCHE L0 TH D,

3.512 8% & odd pair DA catcher IZAD v DT FR/LF —(F 200 MeV LU L& &
<HHLRLT Wz, HE Y BBETILRWVD | even pair DGATE 200 MeV BL F DT X
LFR—D 4 8 40 FREFE STV 5D,

ZRIRLSTHOADTH L Z LRGN TV D,

17



% 3%  Catcher Design

o 250
a
200
150
100

50

O 1\\\‘\\\\‘\\\\‘\\\\‘\\\\ O I\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 50 100 150 200 250 0 50 100 150 200 250

abs(Ey1"—Ey2") abs(Ey1"—Ey2")

o 250

a
200
150
100
50

3.3: Endcap ICA272 2 DD 4 [TOWT 7 OEHEIELE 2 DD v D energy DEXL
scatter plot T plot L7z, ZEMI23 signal(x%vp) T, HMIA background(r°7°).

102
10 &
= g
2 3
10
(MeV) (MeV)
Ey in catcher (even) Ev in catcher (odd)
© o
£ 10°E 2 103k
? F ¢ F
~ F ~ F
L r (0 r
1021 102
Lo T
'\02 103 WOZ 103
Ey—catcher Ey—catcher

3.4: EEVFHIR cut A FETRTO A N2 MZOWT, catcher IZAD y D energy D434
BEORFED H 5 —2D v O energy & DRDOFHBZ T,

ZZT K — 7%% — 4y ® 95 catcher (& v 1 A AD K 972 event IZDOWT,
100 ~ 200 MeV @ 7 12X L T 90 % BAE. 200 MeV A ED 4 I2xfL T 99 % LA EDOH:
HEREGEL 723580 N(KY — 797°%) / S(KY — «%w) OFHiliZ £ 3.2125R772,

Z OFHEIE catcher (2 y WAL Z & ZEFHEL TWDR, ZOLRMETTH N/S 15 L b%
ERT D LN TE D,

3.1.2 HHEFIIXT S sensitivity

Photon Catcher IZ& T, B —AIFIRD K 9 i 1EIT > T\ %, Target 77 B EHER >
T< % prompt gamma I target (2 micro bunch 23&72 > T2 5 95 nsec #IZ catcher (2

27272 L 41X catcher OPEFRIZOWTOBLETH 5729, background D 5 H v —2% catcher ICAD
R oTe X 978 event ITFERICHRETESHEL TV D,

18



10

10°
Eyfcoﬁcher

3.1.

10 k= L.
F 10 &=
T E 1=
C: < HH‘ E-
107 o
(MeV)
Ey in catcher (even)
) o
£ 10°k < 103k
S E S E
>~ L >~ L
L L. L L.
102 102
Ll R Ll Ll

10

10°
Ey—catcher

Requirement

3.5: EEFHYZ cut L 72 & DA, FET odd pair I T energy @ v 23 HEL< 72
HZENDND,

BET D, DONTED 2 nsec RICH- LB K OFREEICE D v 233K, £O timing
76 17 nsec DRI, v D3IRTZHGE veto L 22T UL WIT 220 time window TH D, ZD
time window DI catcher (CEIZET D PPETIT 1.4 GeV/e 05 5 GeV/c OETEA
FFo,

PLEIXFE— micro bunch THAET D Kr EHFHEFITONWTOELETH LN, THEFO
Y& . LARI® micro bunch 12X > THAEL ZHFMHTR . BRHE —L7 4 IR T5
FEEBEL 2T UX 725 720, Micro bunch OFF&EIX 50 nsec THHIMNHEREL THD
& . time window ([C AL HFVEF-D 5 H —DHID bunch (2K > TREAEL S DOED) &
1% 669 ~ 797 MeV/c. EHIZHID bunch TH D & 466 ~ 518 MeV/c, &9 BUZHKE<,

Utz tzsEzxs s FHEFIZE D background NBEIZ/R D case 1Z=2dH D, T
bbb,

LK) mBHD 4 LB7RE Z A 7T Photon Catcher ICADH D, ZHIE 1.4 GeV/c
VLEOEB EZ FFOFEFACE TIE LY, 2B PO T LD HAFHRICL
720N

2. B — LT A4 v BIZEICHAET DR F L F—D P12 L 5T Photon Catcher |2
DC W72 ) A ADRFAET D, TIUTN—AT A N T 7200720 T, kHl+5Z
ENHHETH D,

3.E—AL T A EORZ=R AL F—DHPEFIT L 5T signal 23FAEL | v 12X 5 signal
LRRRENT veto 372025 (overveto),

3ICONT, EIHRFT 5,
BNL TIEZERRIZ 24 GeV/c DFGFE — A% target ITH T, & DT R/LF —D T

19



% 3%  Catcher Design

#* 3.2:
o o K9 — 7070 N(#x%7%) /N (r%»)
AL — TV
even ‘ odd even ‘ odd
Branching Ratio 3x 107 1073 0.3 x 10%
2~ in Endca 0.22 0.53
GAeom. 7 p — 2 x 10°
CC. | ~ in Catcher - 3x 10
Kinematical cuts 43 %1072 || 23x 1074 \ 4.3 %x107* || 1.6 x 10® | 2.6 x 10°
Photon Veto - 10~2 assumed 1.6 2.6
Rejection 0.01 (> 200 MeV)
by - 0.1  (100-200MeV) 0.04 0.03
Cateher 1.0 (< 100 MeV)

EDORERET LML TN D (X 3.6 ZH),

Over-veto DFEZRND FVET-D flux (63 D BRKEELZ KD D & | T 7 AROBIELL
D energy I (50 ~ 300 MeV, JEEIFE T 200 ~ 800 MeV/c) Tix., FHEFOHILE
Tl H7=0 1.10x 1072 ThH D, LR ->T, BT intensity & 5.0 x 1012 S{ET 5
& 5.5 x 1019 & / pulse L7225, ZOHFHEFR —FRICRL > T D ERET D & overveto
DEZIL, Photon Catcher @ sensitivity & e, FFH/3EEEL At & L T, pulse DRF[HIIE
2 1.6 sec THDLND,

€- At

5.5 x 1019) x
( ) 1.6

ThobIDd, Overveto DFEFREZIZ 10 % BEICHIA L IETHE, e- At ~
0.3% -nsec L7275, RRFBIIT At ~ 2nsec T DH L 50 MeV LLE 300 MeV UL FD
P2 kT 5 sensitivity (£ 0.15 % LA R TARITIUL 25 220,

—7J7 300 MeV XV @\ energy &b DHEFIL 7 OAERBEZEATLEIZHLE S
L T® sensitivity 28m< 72> TL £ 952, TOF EZEHNT time window FZ72 5 <<
ALRNE T HLREL T D7z, BELRS THRI > TN D,

3.2 Design

PLEDERZ T2 72012, Fxldsp-T7 27 VAU RA v FRoa ) A—2%7 W
AV LTc, ZOHARY A—=F—%, 1. il TEF. BEFD v hoxtAREBs I L,
2. FNENT 7 VLVESTHETL 72 Cerenkov Ye& . 3. BRUTZ VU ILET A NH AR
L TE S TR EMIZG T £ 5 DK% PMT THistid, ZEI2ioTy 2
H 2, =PIl TE 1 ORfET, BSIZE > Tr R0 E OFEVVRL 7
RETLONETHHLEZEALNLDOT, FHIMEZ RV F —DGET BRI 28 2 T
Cerenkov S OBME (3 > 1/n) #2252 SITHEL WV, FEERAFEENTZ LI k-

20



3.3. Prototype modules

Neutrons and photons - 46.5 deg

g wiE L o o ] T
N :
10 3; e
: neutrons :
1 \{ I\ ]‘;I' T y =
E | :“: MH:}\ U | : [

0 500 1000 1500 m‘gomﬂ‘;‘i 2:5&:)()“ / 3000 13500 400
E‘Hergy‘ e kiiiLiiimievj

Threshold(MeV) 10 50 100 300 830
n/p 2.90 x 1072  1.54x 107® 1.13x 107 4.40x 10~* 0.77 x 107*

3.6: BNL O — A7 A TEEIZHE SN T energy spectrum [8],

T, SHICEHEMLLTEIERTED, v IC Lo THELBNZBFOHBETIEL §~ 172
DT EOEHEREC Y VT THZERTES (K 3.7 BEOE 4.1 B]).

7 3.3: flix ORI FIZHOWT, Cerenkov WeEFENT D200 EIEORMEE . K37 2
VLFREIZ L CTHEELNZ E - 728512 Cerenkov Yoy B 5 423 7= 972 8O O B,

electron proton pion
Cerenkov th. 0.47 MeV/c 840 MeV/c 125 MeV/c
total ref. th. 1.0 MeV/c 1876 MeV/c 279 MeV/c

3.3 Prototype modules

L5 Cerenkov R AZFIH L= 0 ) A—ZOF WA L DZUMEEZFEND DT, 4
FEREIC ORMEREZE-EL 72, 2mm EDShE 10 mm EDO7T 7 Vv EEREDbE -G
IZ7eo TR 8. 77UV 9B T—DODEY 2 — &L Tn5 (X 3.8 2HK), —
DDEY 2 —/)VDESITK 3 Xg T, TA4 P ARTHIEHLZZET 5inch PMT (R1250
BLORI251) ZHWTHEMIS FEAHL TWD, 74 8H A K& PMT ORI optical
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% 3%  Catcher Design

Pb Acryl Pb Acryl
cerenkov light
cerenkov light
e p
Y n
€ n

3.7: Cerenkov Y% A7 calorimeter (2 X DR F-FBNZONT, y BRI LIZT v T —
IZEENDE BB ICEL D Cerenkov Y 1T MHEN RN D728 B GMFZTZL T
PMT E£TEELLCTWA | FHEFBEOCTREZE TGl OBV, 72& 2
Cerenkov Y& H L 72 & L TH AR RMIEE T, B 20,

122mm 150mm
_— _—=

- - E Lead sheet(2mm)

\ s Acryl sheet(10mm)
Beam \
—> spacer(teflon) %~
Beam 7 150mm s @ <
— | I < \\1\ /5

N L1

Light guide(Acryl)
Side View Front View

3.8: Photon Catcher R/EZRDOIEAK, 2 mm DghcE . 10 mm DT 7 V%A & B
NI AEEIZ IR 2TV 5,

grease Z T light contact Zfr> T 5, L —LZYTTT AT DHEEITE—
LHNCEY 2 —/L & EIER D,

3.3.1 LED test / cosmic ray

FERIZ L > T PMT @ LED 12X % calibration & Photon Catcher @ cosmic ray (&
LT A M &AToT,

LED test
LED 7 A MZ 5inch PMT & LED ZESFEICWIL, 2L —%{fi~> T LED (2% /)&t

WML, BEHE, PMT TEBIHIL TEDOfEF% ADC CTitAll- Tk Z7e-7=, £9 ADC

22



3.3. Prototype modules

£ 300 2 2 +
c T L = S 300 [
38 L 3 8 r
8 a0 | g 0 I
g 00 < r < 200 [
100 |- 200 e 100
0 ¥\ 11 ‘ L1 ‘ L1 ‘ 1| O 7\ L1 ‘ | l I 0 C 1 1 1
1650 1750 1850 1950 1300 1400 1800 2000
High voltage(V) High voltage(V) High voltage(V)
exp(-66.8956)* x**9.57883 exp(-77.0094)* x**11.3959 exp(-66.5711)* x**9.47122
w 400 %) = %) C
s f S o0 F S oo ©
8 E g 400 E g 400 =
O 300 [ o B o B
2 . 2 300 g 800
200 [ F F
F 200 — 200 —
100 — 100 100
:\\\i\\\\‘l\\\\ O:\\\‘\\\‘\\\‘\\ 0:\\\‘\\\‘\\\‘\\
1500 1600 1480 1580 1680 1780 1430 1530 1630 1730
High voltage(V) High voltage(V) High voltage(V)
exp(-78.7368)* x**11.3912 exp(-71.1115)*x**10.3171 exp(-74.8371)* x** 10.8566
2 2 2
= = =
3 3 3
o o o
o 400 o o
[a} 0 0
< < <
200
0
1600 1800 1400 1600
High voltage(V) High voltage(V)
exp(-79.3462)* x**11.4118 exp(-76.7128)* x**11.1644

3.9: LED ZHWCTHIEL 724 PMT @ HV curve, ZLEN/E EXS 1U,1D,2U,2D,...
DNRIZAF BTN D,

count & p.e. MOXNIEE DT D72 LED OXEAZE X 70H 6 ADC spectrum % @1
L. mean fEE sigma OEDEFEIS | 1 pe H72D D ADC count FaHHIL 72,

KIZ PMT @ HV #2515 7212 LED Otz —EIC L, HV 252> ADC O
EAEL I, ZOfEz ., K 3.9 177

Cosmic ray test

Cosmic ray (2 & 57 A & Photon Catcher OFANEZRD A AN DA PMT Z21F, b
9 & black tape Z BT T, EFO trigger counter @ coincidence T trigger % 7>
7 TiT> 72, Black tape Z PMT OHANZAATIT 22 212 XKD . 2D setup LA
PMT Z2F 7 REEZHEHL TH0WHEBXTND,

Cosmic ray () @ MIP (2 X% energy loss £ > TWHDT, ADC count (ZXF4
% energy scale & DF DT DIZHIEZIT 72, EERITIIRETHERL LS y 25BN

23



% 3%  Catcher Design

T calibration 925 Z &IZ72 573, cosmic ray DOt RITAFERT ADC count % BILRIHT
HZ LICHIATE %,

24



B 4F ~ efficiency

4.1 ES171 - Overview

98 £ 6 HIZ KEK HIEIZHLHE > 7 1 k1T Photon Catcher @ v 272\ T 5%
RERZWET D ER (ES171) 21T7->72, ES171 AKIEL. FNAL KTeV 7/ —7'% KEK
E391 Z =77 [ D i FERE BT V=T bbb e ERTH Y | £ —
TNENENME ORE AR (Sample) ZFF B Ao TIEAD MHE setup & DAQ ¥ AT A
o TT —Z&#NUEL T2, Bx O BIEEXATEOR RIZES X, 1072 @ order T Photon
Catcher DRNEREZHETLHZ ETH D,

YA D AR, FIZLL T ORICERT 5 LB 2 TV 5,

1. punch through: v A E 72 LA Z &7, &L REHIT2H D,

2. sampling effect: signal 73 @i/ H S D FHBUZ TRV F =R E LRI ST2H D,

3. photo-nuclear interaction: y 2N RAF & RIS L THHEFRE ZARKL . ¥ UV —% il
ZERpoltb D,

7@%A LIZBLTL EGS REDEETE LV 32— arBd 0, T b HEH
TE DM, 3L TUTHARIEERELILTNRY, 207 3 OfEZ FEET 25 D023 3=
ﬁa%mﬁ%#\&ﬁ®%ﬁfi2k3%i%b@wfﬂﬁﬁé mE 1 OffEE 107
FREEC, F 47 Photon Catcher IZERL TV 5 inefficiency D/KHEL Y +5/ SV T
A EIOMEHT TILBEL 220,

4.2 Setup
4.2.1 Beamline

ERICHWIZEFY 7 bl 1.2 GeV ETEFLZMETE 503, DILbiLE 500
MeV THY HL TW5%,

Db E 7 hrr D 2 8 —AT7 4 U TEREITSTL, TDOT A AXHDY
U 72872 W foil (Al 300um) (28T, bremsstrahlung (2 K- THAEL = v 2 FEHR
WD, —HEFATy ZHHELT2d LA L > T b, "tagging system” (238
b (K 4.1 2], y ITEFE =280 6L b EEATWEHMICEDO X EMI S,
Sample @qull\iiioﬁ”< AT 5,

Tagging system | —FED A7 h 1 A —%—T 32 @ tagging counter & X535 8 D
backing counter 7°572 Y | coincidence & & 5T EFDZR/LF —% 100 ~ 410MeV D
T £5MeV OFIPHCED L ZENTE D, v DZRAF — TR HLZEFOT

25



B4y efficiency

Backing
] Counter
Analyzer -

Magnet Tagging

Counter
Vacuum _|

Chamber

600MeV \
Electron

um AU
e \

Concrete

im

LS

| Sample

PV

4.1: ES171 Of tHas2ARORLE, Photon Catcher (XD “Sample” & E LT\ 5%
Wy EIN D, BFE— IR LS AT S,

KNF =D tag SNTCBEFOTRNLF—E2ELGIWCbDTH D, FHxld 500 MeV D
BFE =2 HW2D v O R LF —(F 400 ~ 90MeV (2725,

4.2.2 Detector setup

4.1 12 ES171 O g ORLE Z 7~ T, BEI olXICE > THO E¥-5373 tagging system
T. F¥27% sample (Photon Catcher) @ « efficiency ZIE T D720 DIEHIRIETH 5,
B ETHGITaY 7 ) = ROV VR TR O TS, BRCONIZ L HICHE
XX D radiator T v Z1EY . HHIX Analyzer Magnet THIlF 541 T tagging counter (Z
AHT 2%,

M H1,H2, EY,MU/D,BV,AU,AD &\ 9 D& beam veto counter TH D, il
5T “miss-tag” & KiLAL D background event ZHA S LH-DITEIPNLTWD, 22
T “miss-tag” &1X v 23 FHEH sample ([THTZH 72D >72DIZ tagging system (Z signal
DY, HIPHEHBALE v sample IZHTe T2 D X HIZHZTLEIAN M ThH

26



4.2.  Setup

radiator /

radiator / radiator /

4.2: “Miss tag” O ERIERE,

5 &S <
1) Eﬂgﬁ& 2 Eﬂgﬁ& ©) Eﬂw%j
e e /
4

%o “miss-tag” DRKE L TEZ LN TWNDHDIE,

1. E—=LD 1 —l5 ENDEFD tag (IS o 7z,
2. T ST 4 2 target WTHRIAEKZIBZ L THATL £o72,
3. BT y BEELS L, IO TTL £o7z,

FRHT bD (K 4.2), 2T 1ITHL TUE, BV Z AT 2 LIk =xLF —
% ST radiator BB L 72 F 03B DD check T2 LM TEHL ., 2 DEAIL BT
counter AN TH D, 3126 L TEL AU/AD 2E Ty BE—L T A FHIICE S ES TR
ATNDZEZRIEL TRHATE 5, ZHH D beam veto counter T miss-tag (LA
% inefficiency #®H A2 REMI X L2 N TELHN, BETIEHRL, % FEoTL £ 9,

F£72 sample JHLIZIE 8 ARD Liquid Scintillator (NE213) 2380 Tn 5, T
sample NC v 23& ¥ U —=X° photo-nuclear interaction Z £ Z L 72& ZIZ, L TT
KDHEMBFHEEND v CHHETEREL LY LW I BDOTHD, 2D LS O activity 2 ER
T5HZLIZEY miss-tag S OIZHEBRT 52 A TE D, LS @ signal WIEZ T 5
ZEEkoTy EHFMEFEFPNTLZLE LA TH LD, FADMEFTTIIZEZETHBZ
72 5 TR,

4.2.3 DAQ system

4.3 1T trigger logic OB Z Rd, FEARICIL, tagging couunter &XFILT 5
backing counter @ coincidense ZHY . £ 9 Lo THELILTZ 32 D signal D OR & & > T
trigger ZED EEX TRV, O trigger & tag-¥ &£\ 9, 7272 L beam veto counter (2
Al activity 23 HIUL veto 75, 7272, ZTNTETTZ L trigger rate DRAFRA S inefficiency
(272 DH 87D event B V7p {IpoTL FW, 7T 24T 9 Z LA TE RV DT signal
DRE SN —EDOKIEIZEL 220 o7 b O & FEMANCINEEL | inefficiency (272 28850 %
enhance 72 X 972 EG trigger (X 4.4) ZHEL 7=,

I B O trigger @ timing TH 4L Photon Catcher @4 PMT signal @ ADC {F#
ZEEL 72, E72 LS ITHL TH ADC fEHREZMEL TV 5,

27



B4y efficiency

Tag module OR prescaler
tagging counter
e
—>
—> —>
Backing counter
OR
P - tagz
Discriminator conincidece
—» EG
—>
sample linear sum "
» C veto !
LOGIC unit
o Trigger
Discriminator OR L
Beam veto counter : veto
P
]
]

4.3: ES171 @ trigger logic (&),

4.3 Calibration

4.3.1 cosmic ray

Cosmic ray (2 & % calibration I£ Photon Catcher @ module Z & D3 SHIZEN
. L TFIZ trigger counter ZF< &9 setup TR IR o7, 4.5 |ZH#EY 72 ADC
D spectrum &7~ 7, & PMT @ HV Oflx KEK T?® LED 7 A FOfEERENL | £4
THRBEOHINHHFETE DL IICEDTEOH Y THo7=DED | cosmic ray T A B
L7c& ZA, EH D0 TIN5 I Enbhoic (£ 4.1), ZIUL PMT &7 4 b H A ROz
filifiAs K < | light contact DB &R UKD Z ENEEL WZ R EEL T &R
bivsd, TOd, MhEHiz 5 X 918 — L% T2 oscillo scope & /T HV %l

# 4.1: ES171 THW/Z PMT @ HV ORIEL gain, HV [ZFXD “HV1” OfEICL T
cosmic Tun 1TV, EEROFEFRTIL “HV2” OEICREL 72, £ E H72 9 gain DA
LOEIEIL “G2/G17 IZRT, Ziut KEK Tithh/z HV #hft (K 3.9) O R 6k
wiz,

PMT id HV1 peak-ped HV2 G2/G1 (peak —ped)-G
CPQO4 1U 1950 14.8 2110 2.13 31.52
CPQO2 1D 1420 16.5 1530 2.34 38.61
CPQO1 2U 2060 20.3 2200 1.86 37.76
CPB01 2D 1660 12.9 1830 3.04 39.21
CPBo5 3U 1710 10.5 1930 3.49 36.65
CPB06 3D 1670 17.9 1810 2.40 42.96
CPB0o4 4U 1730 15.7 1920 3.28 51.50
CPB03 4D 1610 13.4 1850 4.71 63.11
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4.3. Calibration

60

50

40

30

20
10
0 0 200 400
EGbar

4.4: EG trigger D#IR, ARKE D tag-Y trigger IZ X D event ITXL T, BEED EG
trigger |2 & % event |& peak #57% cut L T pedestal region % enhance L TU %,

" : Entries 1120 %) : Entries 1120
& - e ou| B - s e
& 150 — % 150 —
k] F k] F
é 100 - % 100
=} [ =} [
IS r g C
50 [ 50
0 :J‘\\\\‘\\ _LJ_I_,L—.J_\LJ.l O :J‘\\\\‘ \,—L\JA‘\JJ——[‘\J_L.\
0 25 50 75 100 0 25 50 75 100
catcher ADC sum(ADC counts) catcher ADC sum(ADC counts)
PM3 PM4

4.5: Cosmic ray DX KT 2~ 37 ADC spectrum,

L7z, AR signal D RE S & FBREHMEDORWRE IITRDH LK 2 fHlZL T
W5, ZORRIZL TRD =D “HV2” DIETH D, HV O &5 < HADZEE
3.9 BIMEL TROTN . ZOMBONRT A—F—ZTEHIZHV 2ELTHZ0F
FHWTHRWI L23 oscillo scope THER I TV D,

4.3.2 ~ beam

Tagging (2 X 2T v @ energy BZON>TWNELDTHLND, 1 MeV H720 D ADC
count MERETHZ LN TE D, 4.6 1% tag Z &£1T ADC spectrum @ peak DA
Z plot L72H DT, #RIE 1.15 counts / MeV Toh o7z, 7272L ADC count DOfEIZ
4-module, 8 PMT @ ADC count # &L 72bDTH D,

29



B4y efficiency

€ Fx’/ndf  79.40:/ 30 ‘ ‘ ‘

3 L

< P1 -2.877 + 0.1689

© 450 [T TR T
[a]

<

P2 11152 + ' 0.1012E-02

350
300
250
200

150

100

100 150 200 250 300 350 400
normal incidence gamma energy(MeV)

4.6: AT 5 4y Oz F—& ADC count DREF%R, ADC count (X tag Z & D ADC
spectrum @ peak fHZ & > TV 5%,

4.4 Analysis

4.4.1 LS tagging method

FERZBLH S 72 AR B) 72 ADC @ spectrum %X 4.4 (2”9, 2@ spectrum T
pedestal fHiTIZd % peak % pedestal peak &FES, AHZ D pedestal region (ZAF{ET
DA B inefficiency 2O TH LAY, T ZITIE “miss-tag” IZ& B2 D A X2 MG E
NTLELTWD, ZORZBO T2, FHxld Photon Catcher N T S DRUEA F6
TolZEERETLIEICED, y BARLEZ L RRFET D HEEE 572, ZOFIE
Tli%. Photon Catcher ®HF T vy BWISEZELZ L eHd . £DOISIZE o TAEL 72+
Ry 72E M, #7 Photon Catcher 2256 VT T, BABOMRHITHRTIN D Z & ZRE
LT\, 40O%E1E Liquid Scintillator (LS) 232D X 9 72 signal 2T 5720123
PITWD, DFE D LS 2 activity 23 DIZH DS T Photon Catcher T signal 73
H ST HUEL . 2D event 1T miss-tag TIEZR <, 7 HD inefficiency” EFEL TRV,

Zh#E LS @ activity 223K L T ineficiency Z#Hiid 2% Z & 725 . LS Tagging Method
EIESL,

LU SR E O AR (LS) @ geometrical 78 acceptance X°. LS @ efficiency @
72> 5 . Photon Catcher ODNEI T/ & 2 v UG ZEZL72E L TH, #IZ Liquid

YERYNCIR 72 KX 512, ZHUIC punch-through OEREZ I Z 726 ON? EOD inefficiency” ThH 5, bo
% punch-through ORI ANHEEICL TWAE LY +/hSWVOTE XL TR,
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4.4. Analysis

- Entries 207 F Entries 444
o Mean 0.3768 o = Mean 02568
5 RMS 07633 5 u RMS 07271
% 10 2| X/ndf 03769 | 1 3 o xX'/ndf 5666 | 2
~— - P1 19.40 + 6.995 ~ 2 P1 1423 + 78.92
- P2 1.282 + 0.2572 10 ? P2 04191 + 0.1880
S N -
1 —
10 0 B
Cle v b N ] cClov \ ! \ L
0 2 4 6 8 0 2 4 6 8
multiplicity multiplicity
LS hit multiplicity :400MeV LS hit multiplicity :200MeV

4.7: 400 MeV & 200 MeV @ v Z AH&E7-L &0 LS @ hit #0554 & . Poisson
IARDNTIE p 23T A—H2 L LT fit LGSR,

Scintillator TN TX i} Tld/ev, ZOBHBFRIL, AfEO LS 12 Hit L7zs &
9 hit % (multiplicity) D43 4iA% Poisson Z3IZ72 % ERUEL TRDOD TN D,

Multiplicity 25 1 OWERIT, u & 2D Poisson DAMDFEEL T DL P(1) = pe ™ &
oI D, [FERIZ multiplicity = 2 OfERIL P(2) = ple /2 ThH D, LS O
T multiplicity 25 0 TRWHERZRD D Z EIZIENDHRND T,

nefle—P(O)Il—e_“

=1—exp {—2%}

400 MeV & 200 MeV @ 4 Z AR SH7-EED LS @ hit HONH%E K 4.7 [ZRT,
HPT p "7 A—=2EL T it ZATo7208 . ZORRNE RO nepp & EDOXDBH KR
D= ness TIEAWIT consistent T o7, FEIZ pedestal region T event T, LS IZ
activity 28872 event & D n.pp THID Z LIZE D | inefficiency &78% event B4
RODHZENTED (M 4.8 2,

4.4.2 background

HLE—LT A OREEN L T Photon Catcher 23 E< T LS 122 < @ background
activity 23 572 61X, EROFEIEFEST S5 TH A 9, LL Photon Catcher & &)
FTNZAT 272 run 12X » T background activity D R E S 7L 7245 RIZ KD & | catcher
DRNDITH D BT LS 23 signal ZHTEWOHERIT 5x 1072 BETH-TZ, Zh
I% Photon Catcher WTRIZHKILZE Z 720D, 5 WE miss-tag DHAEIT, LS D
activity 23 OREOHBETHNH00% "L TWbH, L72M > Tl D Photon Catcher
Z 3BV run TIE, pedestal region @ event D 9 H, S HIT 5 x 1072 DFEIE D event 73
background IZ X5 DEBZXHND, ZOFIGIET /NS, TADOBFTTITZET D
BN TR0,
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%4y efficiency

number of events

L $ tagging events(gstimated from detection eff)

L'S\tagging eventg(observed)

N\

Catcher ADC sum

4.8: LS tagging method O, Pedestal region (23T, LS IZ activity 2381
STz event i, LS OMHZIEHETEHI > TRV | inefficiency & 785 event xR T
WD,

4.5 Result

Pedestal peak #4722V TiX Liquid Scintillator @ activity ZZRKL | BH2hFE%
EREL THER event & WS o7z, ZHIEM 4.8 @ “LS tagging events (estimated
from detection eff)” {Z%JiiL TV %, Photon Catcher @ inefficiency DfEIT software HJ
(2 energy HIMEZFREL . L FIC®H D entry X ({HL pedestal region ([Z-DWTIX LS
D activity & RHBIFNEROIAEZ AN D) 2 BIKD event IETHI-72b D & EFRL T
W5, 100 MeV, 200 MeV, 300 MeV, 400 MeV DZNZID energy D v IZDOWT, B
TEDOZEAIT KL T efficiency W E DX D IZELT 505K 4.9 IZR-7T,

AT CIR~72 K 912 100 MeV @ 4 1Z%FL T 90 % LLE, 200 MeV LA ED 5 (2720 L
T 99% UL LD efficiency Z#ERT 5D HIE TH o7z, ZOHEZXKNO DD XKD
(Z energy BfEZ 7T0MeV., FHMIZFHUTEXTE 5,
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inefficiency

4.5.

threshold curve

Result
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threshold enrgy(MeV(normal incidence photon equivalence))

10

4.9: Photon Catcher BAEZRD v (X7 5 RREEE,
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5% Neutron efficiency

5.1 Overview

98 4 7 A D& 0 IZ KB K FRE M EIFE2 o % — (RCNP) @ NO B — AT A > THET
#4 Iy Photon Catcher D FIHEFIZ 6T 2 sensitivity ZHIET 2 IR (R15) 217272,

NO ZA L TIEBGFYH A7 burnb R SN e—b2%2 2 —7 v MZHTT
HEFZEVHL . Z20oHMET% 100m @ TOF by FUZE L, B — AL 300 ps MO
bunch H#3EIZ 72> TEY | TOF EE AW THIETOEEN &2 IEMECIRET D 2 & 23 ik
L, A r7m berORmTRLF —T 400 MeV TH D, ME#ED bunch MFREIZ
20 MHz Tod 228, BV ML OB CHEYSICHSI< Z e kD, EEEF AT 1/9 125
Wz, FADERTIL, BTE—20T V¥ —% 392 MeV (2L, Photon Catcher I%
target 205 30m DHEHEZIBNTWN D, FEEETO (F5] < AI0) BB OMAET 30 nA
Thbd, DI target 12 TLi & W,

Target THAET L HMEFIL, KDY charge exchange TIELNTZH DT, JLDOT
SIEEFLC =T —2 b0, MOBRTES 2T FTEN D < | =1 rF —HiK
W, 7Li @ charge exchange (2 X 2 WHFEIIR BN TWDHOT, ZOWMRIZ LY %4
L 72T flux 1T target IC AR L 725 OEMEE ZOWmENOHAETEX 5, £
DT N—TIRFT A TR RoT23FER (11, 12] 128 Y | charge exchange SISt D12
THELNIZHFMETO flux &, 7 L —7 12 Lo TEMP ST energy A E T 5 2
LINTE D,

Fexid 392 MeV (950 MeV /c) @ charge exchange (& & 2 FHEFITHTT D sensitivity &
HIEL . 200 MeV (645 MeV /c). 300 MeV (800 MeV /c) DHPEFIZHT 5 sensitivity &
EFO flux ZHWTHEEL 72,

5.2 Setup
5.2.1 Beamline

e —2L%&T5 target 1L 5.2 mm BO Li (a2, Li (3529 % charge
exchange DOWTEIFEN R <HHATIHY | 400 MeV D52 L T 0° J7 M OWS3 WriifE
IX 35.8 £ 2.4(mb/sr) TH D [9, 10], 7ok, EEITHWZGFE — A 392 MeV TH D
M. AT —HEL T 400 MeV &b d 2,

B — A3 B IR S, K 5.1 O kb AT 5, Zo®BATHT bh
T target (ZEI D, Target Z1@ L 7251 — AL S WA THT 541, Faraday
Cup THRIEI D,
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% 5%  Neutron efficiency

proton beam

Catcher

Li target:

30m

5.1: NO E— AT A D, B E6 ARL | A THT 57T target (28D
no,

£ 5.1 HFEE—LT A F=HD scalar i & DA, SEHTIZ AV run IZOWTOHE
WTW 5,

Run 30 Run 41 Run 43

BLP 276816 439236 522345

FC 479717 854717 948738

NPOL 1107991 1955777 2008457
FC/BLP 1.73 1.95 1.82
NPOL/FC 2.31 2.29 2.12

Target (& ASTL 72 B+ OEEBILANER D Faraday Cup TWIN SN /- M=% . charge
integrater THIEL TH & HD, fICE=%—, L T BLP (BeamLine Polarimeter) &
NPOL (Neutron POLarimeter) 23& %5, BLP &I% "Li target I A3 A1 beamline
FlTE=2 —H O target B &, WELSN D5 FDEE count THLHDOTH D, F
72 NPOL I target 22O H 7= MEFZ2 TOF 7 A & OREFICIHITZ liquid scintillater
T count 3%,

ZDH5H BLP & NPOL @ count fEI, #4(Z threshold %777z signal & {IE L T
WD 72T 72 D THEX IR PYETF flux ORI X 20 | ZBIEEND B — LADLEMZ
TRAET D ZEMNTE D,

KB BLP & FC OEOILOZAIL 10 % FRETH -7, £72 NPOL & FC OfED
LOEE G FERET, FHEFO flux &BTFOBMOBRITERSEZEE T 10 % FRED
RNEWZFFOLEZZTND (£ 5.1, ZORNEMEL systematic error ICHHAAN B D),

Photon Catcher I& target 7°5 30m DOHEHI BN TIEY | B — L4708 target (ZHT- -
THH 100ns %12 target TAHU 72 4 (prompt gamma) 25 AJfL | HEWVTED 40 ns #
\Z charge exchange (2 X% 400 MeV O A AFT 5, FHEFE—LIT o RELIA
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5.2. Setup

PMT1 PMT2 PMT3 PMT4

EyHyE

neutron

—_—

charged veto ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

PMT5 PMT6 PMT7 PMT8

5.2: Photon Catcher OiLE, B —AIZZ>T 4 K2 b5, f LHtlZiE charged veto
counter, 1 Z&H & 2 FLHOMITIT finger counter AT 5,

78> TV, Photon Catcher DAHEZ B 9, 7272L Photon Catcher D KE S (15 cm
X 15 cm) IFSARAINC /NS <0 ZDHWTETITRBRD 0° TR oMoy Wik z £ 5
ZEWTED (11,

5.2.2 Detector setup

5.2 IZ Photon catcher & {172 M HERDOELE 2 773, Photon catcher DAEY = —
JASIEHERZRBLEIZ /2 > TR Y | EORNIAERL % veto 75728 charged veto counter
DRINTWD, F72 1 HFHE 2 FHOEY 2—/LORIT finger counter & FHEI 5 i
W seintillater Z24%F4RIZ 6 x 6 A, BBRAGICEEL TW 228, JHUIATICIIAN T
TRV,

R15 D6, trigger (TFBDIBDD PMT @ discri. signal @ OR (catcher OR) (2725
TW5 (K5.3), £2F 5.21CLHTE I, % PMT @ discri. OBMEIX 20 MeV #14
EREL Tz, TR TOF ZFHL T, AL WA (160 ns 1) D event LIS+ % veto L
T trigger #7279, 2O [HRL WKRH] Z& 5 7 signal % neutron gate &9,

Catcher OR @ rate (3#J 470Hz T&H %5, LA neutron gate & charged veto Z 737
THI 100Hz, 512 DAQ veto (2 XV trigger rate 1% 90 Hz ICETHBH 5,

5.2.3 calibration
Energy

Photon Catcher @ energy calibration ($IRD X 51217 o72,
e Cosmic Ray IZ X > T MIP ® peak IZxtin7 % ADC count 23K %,

e ES171 TIHI 72 o7 cosmic ray 12 L5 run @ ADC DOff & g+ 5%,
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% 5%  Neutron efficiency

# 5.2: % PMT @ discri. threshold

PMT ID discri. th. (MeV)

1U 24

1D 23

20U 24

2D 25

30 21

3D 18

4U 20

4D 12
Divider belay e e

o Catcher Trigger Logic

o
o

ooo

Divider

Discri Logic

Logic FAN OUT Gate Generator

[¢] [ —
< ADC Gate
© L]
o Gate Generator
neutron gate TDC Start
charged veto DAQ veto
RF signal
T > < TDC Stop (ToF)
FAN OUT

5.3: R15 THWZ trigger logico HAMZ PMT @ self trigger 2 OR L 727217 T, %
AT veto AW DM ASTERIZ 72 > TV 5,
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5.2. Setup

Cosmic ray 7% catcher DT &3 deposit energy (%, ES171 & R15 THEL T\ 5
EEZTRY, Ll BllISh D ADC 40fiild ES171 & R15 TRA->TWD, Zh
I% PMT. light guide [ optical contact DIKFEL, FIFER (7 —7 VERLE) OHEIC
ERT 5, & 5312 R15 & ESI7T1 TO ADC 534D peak fE (MIP peak &BEFRT %)
D count HEZ/RL7, R15 & ES171 T ADC [EEZZHT 5720121, TRENDERT
MIP peak @ count DV ZHY . Z D ((R15MIPpeak)/(ES17T1MIPpeak)) % F+%5
L THITERH A RO TRIL B,

R15 2BV T 1MeV., (ZAHY % ADC count HAKD 5HI21E, ES171 TO 1MeV.,
M ADC count B Z OFIEFEE T TRIUL RV, ES171 Tld v 2H T TD energy
calibration OFEENDH . 1 MeV H72D 1.15 count TH D EN D> T\ 5D, fEFHU
51.5/42.7= 1.2 THHME . R15 T 1 MeV H729 1.4 count 12725,

7 5.3: R15 T cosmic ray (2 X 5 calibration OfEH, EEEDOFEERTIL divide L TV D
DT R15 TOPEMIZEHL TI DI L 72l Z2FE TN D, HEROZ0 | ES171 TOH
bHbETENTEL,

PMT id HV  peak-ped (div.) peak-ped(es171)
CPQO4 1U 2110 40.1 31.52
CPQO2 1D 1530 46.1 38.61
CPQO1 2U 2200 41.6 37.76
CPBO1 2D 1830 37.7 39.21
CPBO5 3U 1930 48.9 36.65
CPB0O6 3D 1810 55.5 42.96
CPB04 44U 1920 57.7 51.50
CPB03 4D 1850 34.6 63.11
Average 51.5 42.7

TDC

TDC @ calibration £ TDC @ start & stop (Z signal # AAVTHIEL 72, 7272 L stop
BNZIE delay 2L TWD, 2O delay DRE I % 3 /3% — 22T TDC OfE%EJIE
L. calibration L7z, £72 prompt gamma & charge exchange (2 X 2+ ? peak &
DORIREIHK 40 ns THDHLZEZHLHLWTHRZMR L /2o 2D 40 ns &\ ) fEIE target
& photon catcher D EREEED EPIEFS LOHHEFD energy LV EHHEL T 5,
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% 5%  Neutron efficiency

104k
10°E
1021
7\ ‘ I I ‘ I - ‘ I - ‘ I - ‘ L1 ‘ N T - I I I I -
140 145 150 155 160 165 170 175 180 185 (ng)
TOF spectrum (NPOL)

5.4: D7 v —7"75 NPOL ZHWTHIEL 72+ D energy 7741726 . 30 m DAL
ECT? TOF spectrum ZFtHEL 7= D,

5.3 Analysis

5.3.1 overview

1D TLi \Z%F7 % charge exchange |2 X 2WrEf&lx K< &b Tind, £72, RCNP
?® NO line T Li target ZHW\2358 D energyspectrum HO 7 /L —712 50 NPOL %
AWTERNCRE S TWD (K 5.4 ), L7 > T, TOF Th D ReHEED HV N2
(ZHPEF23 & OFREE photon catcher IC AT 27, FHHETHZ LN TE L, ZOfEKE |
DAQ IZ X% dead time DEIEZNT T2 D% REE L | Z ORI fEIE T S 47 H
FTOBESTELTEIVE TS Z LI2X 5T, photon catcher @ sensitivity #H &%
ZENTED,

7272 L trigger 28 PMT @ discri. signal @ OR TH A7, AFEIO X 52 PMT 28 8 K
bo L KEDLETTO deposit energy 73 I 7B S 4L 160 MeV (= 20 x 8) ([Z2
T2 ET trigger (IZDNBRWAREMDR D, £D7-® 1 KD PMT IZE DR energy 73
LPhT LML . D trigger efficiency Z3K® 5, £L TI D trigger efficiency
ZHWTBIHI S 5 & energy deposit @ spectrum Z FFBLL | sensitivity Z:KH 5 Z &
(235,

5.3.2 ADC spectrum

5.5 1Z Photon Catcher |Z X > CTEIHIE#72 ADC spectrum Z7~9, ZDOXIZ 4 {#
DEY 2—/LD ADC O NEGH LI LOTH D, Hfhix v IZHEL 72 energy IZE L
TW5, ZOKTHD energy TRIEZRELTZEE, TN LV EW energy & H DA
v h%& Hit & EFRL . sensitivity DXIHRET 5,
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5.3.

S ID 10
B Entries 364687

Mean 62.54

RMS 43.17
§\ Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il HHH Il \H\ Il ‘ H Il Il H H Il Il Il Il
0 100 200 300 400 500 600 700 800 (MeV)

ADC spectrum (400 MeV)

C D 1
F Entries 4269
M Mean 39.13
I RMS 33.54
E Il Il Il Il ‘ Il Il H ’_L‘\ HH\ \H\ Il ‘ Il Il Il Il ‘ \H\ Il Il ‘ Il Il Il Il ‘ Il Il Il Il
0 100 200 300 400 500 600 700 800 (MeV)

ADC spectrum (200 MeV)

5.5: 2D ADC spectrum, 7272 LFR#HE MeV IZEL T 5,

Analysis
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% 5%  Neutron efficiency

T B N T T T N I
140 150 160 170 180 190 200 (ns)

TOF spectrum (catcher)

5.6: EERCF 2D BHIL 72 TOF @ spectrums,

5.3.3 neutron flux

Charge exchange (2 &% 0° MO WrHEFEIL. 400MeV O HPEFIZ L T 35.8 £
2.4(mb/sr) Td %, Catcher DILIEA

2
(ﬁ) =0.25x 107%(sr)
30

BEOY 5.2mm EO Li OEEEE 0.241 x 102 /em? NHBF—R A L2 L Zi
catcher (2 AHT 2 HPEFOHIL,

35.8 X 0.25 x 10™% x 0.241 x 10%> x 107%7

~ 2.16 x 1078(fi /proton)
LRMRTE D, B 1 nC ST &, ZaUx,
1.35 x 10*(f#/nC)

&72%, FEHRT charge exchange (X > THRAEL ZPEF O Z KD 2356 ZOfHEIC
FC TOBMEZNFITREWY,

5.6 IZEBRCBIH 72 TOF @ spectrum Z7~9, F A4 OEERTIL photon catcher
DRSS RREAN FEN 26012 . NPOL OJETIFHNE — 271272 5TV % 400 MeV HHET
DIERZDIEN > TL EF-TND, EZTE —27 OMEN 2ns 72D T, peak 7D 20 = 4ns &
400 MeV fEEE T 5 (K 5.7), ZOFEBUCIT charge exchange (2 X 25 HPEF721 Tl
<, MOBFRIZ XD FAEL I2HFPETFHE ENTWAH72D, NPOL IT X5 energy spectrum
ZHNTHIEFO flux ZRODLIBEDR DD, ThbDH, HD energy HHBICEH TN 5
PEF DL, charge exchange THAT 5 MO (ZHIIWEEZ W TEAETE D)
IZ. NPOL @ energy spectrum [ C® charge exchange DIk & Ak L W RFREIEIE & D i
FE AT TRAL TROMUZ BV, 200 MeV,300 MeV 2DV T 400 MeV & AU K
gz N FIC FIETHHEFO flux 2RO TV D,
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5.3. Analysis

events Z/ndt6972. ] 17
L Constant0.3840E+05 & 78.13
Mean 1416+ 0.2453E-02
40000 — Sigmo 1.962 + 0.2634E-02
30000 —
20000 —
10000 —
kxxlxxxlxxxlxxxlxxx

0
136 138 140 142 144 146 (ng)

TOF spectrum (catcher)

5.7: 400 MeV @ charge exchange (& X% peak % fit L7255,

7400 MeV, 300 MeV., 200 MeV OFFIKT NPOL THIE ST event H& b &
% & (727121 charge exchange fO Z & 2 CHEX &BEFEIL 72),

Region TOF "# of Events’

CHEX 141 ~ 142 5.73 x 10*
400 MeV  137.5~ 145.5  7.84 x 10*
300 MeV  150.5 ~ 158.5  1.11 x 10*
200 MeV 1745~ 182.5  4.53 x 103

L72M > CHMET., B 1 nC 720 OFHEFO flux 1%,

Region  Ratio (vs. CHEX) Neutrons(/nC)

CHEX 135
400MeV 1.37 185
400MeV 0.19 26.2
200MeV 7.90 x 1072 10.7

L5,
T =21 3 run 1253 THEEL | ENENLTHIE SN2 FC OEfTEE DAQ @ deadtime
(=S

Run# F.C.(x107!°C) dead time Protons(nC)

30 479717 16.9 % 3.99 x 10*
41 854717 24.5 % 6.45 x 10*
43 948738 23.2 % 7.28 x 10*

BEFTHE 1.77x 10° nC 12725, T h DAQ @ alive time HIZ Photon Catcher (T
AT 5 FHEFO flux Z. 4 energy HHIKT SITTHITLZ LN TE 5,
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% 5%  Neutron efficiency

30000 i L
10000 |- 4000
20000 i i
- 2000
10000 000 L
O O | | ‘ | | O k\ | ‘ 1 1 1 l | |
0 1 0 1

Visible Energy ~50 MeV Visible Energy 50~100 MeV Visible Energy 100~150 MeV

u | 1000 300 F
2000 u
- 750 u
L 200 |
1000 |- =00 -
C 250 100

O 1 | ‘ 1 1 1 L\\ | O O :\ |

0 1
Visible Energy 150~200 MeVVisible Energy 200~250 MeV Visible Energy 250~300 MeV

5.8: NBE distribution @ visible energy (254 DKM, 50 ~ 100 MeV D53 Afi %
Pattern 1. 200 ~ 250 MeV D734fi % Pattern 2 & FES,

Region  # of neutrons(/nC) # of neutrons(total)

400 MeV 185 3.27 x 107
300 MeV 26.2 4.63 x 108
200 MeV 10.7 1.89 x 108

5.3.4 Trigger Efficiency

Trigger efficiency Z:RD 572, oL b energy ZHEF L 72 PMT T, Photon Catcher
ERTEIN ST energy (visible energy) @ 9 BATEI BRI S 727 % | visible energy =
I plot LTHS (KM 5.82M), Zi1Z NBE(Normalized Biggest Energy) distribution
EWES, & DR visible energy (ZXT D KAFHEAN S 4L, FHZ 150 MeV LLEDO RS
UL @ visible energy & &2 event ODHEIE. energy 28 —2D PMT IZHEFL . 1 OFf
I8V peak 3AHHAL D, —HIK visible energy @56 . NBE distribution 2% peak % 1F
57 flat IZRDMEAN RO D, ZD X D oA B 2 AT K < 7o TH 2RV
BIZIZRDOEHICEZHZ LB TED, B ot BRSNS AL, Cerenkov YD
B & & B . Photon Catcher (25 L CTRIDICKI 728 25 7217 7L Cerenkov
BT D Z LN TEP, HRACOEDD PMT I signal NEFT 08, —J7 70 24
ENTHET, 7 POREIC L s TEOR T y IR o TEMY v UV —0 AL | I
®D PMT 7225 signal 23560105 Z LI %,

Trigger efficiency Z KD DGHE. 4O S X 72 visible energy (ZxfI-7 5 NBE
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5.4. Systematic Error

1 } 1 L
08 [ 08 [
0.6 0.6
04 04
02 [ 0.2 b
O 7\ ‘ L L L L ‘ L L L L ‘ L L L L O 7\ ‘ L L L L ‘ L L L L ‘ L L L L
50 100 150 200 50 100 150 200
(Mev) (MeV)
Trig. Eff (pat.1) Trig. Eff (pat.2)

5.9: 200 MeV LUF® trigger efficiency OfE®D visible energy (259 27N, 70 MeV
T 90 % FEED efficiency B EFH 5,

distribution ® 9 BT, visible energy 7% 50 ~ 100MeV O D & | 200 ~ 250MeV D
D LV D figE 72 o0 distribution 23& 5 % visible energy IZX L THANLT D EE X D
(B 5.8), ZHIZE b7 SAREMEZ, systematic error & L THET 5,

FERRD trigger efficiency DFHRE DM FITROBEY Th %,

1.25 MeV % discri. DBIEE 32 & trigger efficiency Z K72\ visible energy (Z%f
LT 25 MeV 2MUENZ 72 5 Dt i %,

2. NBE distributuion @t A F 7 J7 AT, ETROEIG IV EITMEID event 738 5
7 count 9%,

5.9 |24+ NBE distribution & AW TR 72 trigger efficiency D7 7 7 Z~7, X 5.5
D% bin 1T L T 5.9 D75 bin D trigger efficiency DIEDHEZ2NTIUL, EHD deposite
energy spectrum N fGH N 2ITTTH 5,

Visible energy 2MEWVEITIXZNZ 410D NBE distribution TR 72 trigger efficiency
(CIFBRE R BN H D05, 50 ~ 60 MeV IZEITMD L I FLALEERRY, LR >TE
L&Y visible energy 25 mWVEILTIL, Z D trigger efficiency KD 5 HEBEHTE D
EEZTRWEAS D,

5.4 Systematic Error
Systematic Error ®JRAE L Tk, LFOLONREZ BN 5,
o "Li ® charge exchange OWrmfE: ~ 7%

o 7 /L—TIZ KD HPETD energy spectrum: ~ 0.4 % (400 MeV), 0.9% (300 MeV),
1.5 % (200 MeV)

o E— AT ALDLEN, FC REET=F—DEHEME: ~ 10%
PLEDS neutron flux 127 £4 5 systematic error 134 12% I272%, &9 —DOK& 7
error DAL NBE distribution ([ZEKRT 56D THLH . ZHUIHFLTHICEED D,
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% 5%  Neutron efficiency

7% 5.4: Photon Catcher BAEgROFVETFIZKRT D sensitivity, ZA8aDFNE v FH2H D energy
TRLUZHEME, 723 400 MeV O PPEFITRT HHEEREL 1071 T O THLD, A
&L 7,

threshold 400 MeV (x1072)

300 MeV (x107?) 200 MeV (x107?)

(MeV)  Patl Pat2 Patl Pat2 Patl Pat2
30 1.55 1.18 6.48 £0.04 4.60+0.03 2.294+0.03 1.5540.03
40 0.89 0.82 2.96 £0.03 2.67+£0.02 0.844+0.02 0.7640.02
50 0.62 0.60 1.86+0.02 1.7940.02 0.5240.02 0.50+ 0.02
60 0.46 0.45 1.284+0.02 1.264+0.02 0.37£0.01 0.37£0.01
70 0.34 0.34 0.92+£0.01 0.92£0.01 0.284+0.01 0.2840.01
30 0.27 0.27 0.69£0.01 0.69+0.01 0.224+0.01 0.2240.01
90 0.21 0.21 0.53£0.01 0.53£0.01 0.17+0.01 0.174+0.01
100 0.16 0.16 0.40£0.01 0.40£0.01 0.13£0.01 0.134+0.01
110 0.13 0.13 0.32£0.01 0.32£0.01 0.10£0.01 0.10£0.01
120 0.10 0.10 0.26 £0.01 0.25£0.01 0.08+0.01 0.0840.01

5.5 Result

WE ETOHEMT trigger efficiency OffiiEZ L 72 visible energy @ spectrum % K& %
ZENRTE, FHEFO flux 1T > THDHOT, B EF I sensitivity 23R D Z
LINTE D,

400 MeV. 300MeV. 200 MeV O AIZx9 % photon catcher @ sensitivity Z %L
ZH 510 LR 5412777 (300 MeV (ZRDA), ROGREITHETHAAEZLDHDDAH
Td D, NBE distribution (ZDWTIX, ZoD/Z = 2L TWHD 51112 %
RTIEY 70 MeV LLEDEAIXT EAE ER 72N ERDIHh> TN 5,

RIORSNTZEY . REHOBEE 7T0MeV., IZ L7234, 400 MeV O HPEFIZR L T
0.34 +0.00544; 4 0.045,5% . 300 MeV DOHFPEFITHL T (0.9240.01514+0.115,5) X 1072,
200 MeV DOHFMEFITR L T (0.28 & 0.01514¢ & 0.035,5) X 1073 D sensitivity ZH D> &
NhiroTlz,

Photon Catcher (Z2R & 2 KHEL 7 ApKBIE (300MeV) LAFT 0.15% TH Y, =
DKHETZ VT TE D,
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5.5.

|
a
IRALLUBRRRLLL R B B R U

50 100 1560 200 250 300 350 400 450 500 (MeV)

Efficiency curve for 400 MeV neutron

50 100 150 200 250 300 350 400 450 500 (Mev)
Efficiency curve for 200 MeV neutron

Result

5.10: Photon Catcher AFgRDTHEFIZ KT 5 sensitivity, Bi#lE v H4 D energy T

#F L 2 BE,

Efficiency curve for 400 MeV Efficiency curve for 200 MeV

5.11: 100 MeV LA FOREIZ XL T, Patl & Pat2 O%% trigger efficiency THiHZIF
NEDRERLANERLTZH D, + 23 Patl. o 2 Pat2 O4% distribution 239,
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Vadasl = . . .
56 E Conclusion and Discussion

BNL E926 EBRT y-veto & L T3 % Photon Catcher (Z2OW T, AEZROBIEE T
A M #&4To72, Photon Catcher (I E —LT A2 RIZEDIPN LT, vy IZXHL TH D
FREE DR R 2 Fo L [FIRHZ . FPEFIZ R LTI AT RITIUT 22 6 220,

HxlTE7 BNL £926 FEEROff e I 2L —3 3 )5 photon catcher @ 4 IZ%F9
DN ROERAYEL | T /LF — 200MeV LAEIZKL T 99% LA L, 100MeV LLLIZ
LTI % LLEEREL T2, FToE—L T A U HRIZEHEEN DHMETEORERE RN
300 MeV (800 MeV/c) AT DOHPETFIZHT D sensitivity 2% 0.15% U\T“Cﬁézgﬁ‘gb
HZEMbhrol,

ZDOBERKMEEF -T2, Foxld Cerenkov AT I-MHERET VA v L, A4
FERERIESR A ERRL . 20tz VT ¢y Oiizh®% INS-KEK @ tagged v £ —
LTHEL 7o TORER 4 1K 2 ERKIEE LTI 72 DI TR OB EA T0MeV., fHY
’@"ZLL FRWZ &R oTc, £72 RCNP OHFET TOF 7 A TOHFMET sensitivity H

FEBRZ LY | T0MeV,, MM OBMEICEET 2 & 70 OAERBEL Y FIZ/2% 300 MeV,

200 MeV HPEFIZRL T, ZRZE4 0.09 %. 0.03 % @ sensitivity & 720 | FRKHUE

WL O 2EN Dol Fl 7% OAKBELY ETHL 400 MeV (960MeV /c) D

HYEFTH-TH 0.3 % D sensitivity ICEI X952 &N bholz, LB >THAD

-7 7 YN R A v Fim Y A—4%% Photon Catcher & L THWA Z &iX, +437]
bf%éo

7212 U MR D sensitivity 1ZEBSROKIEIZ 32 RpH Do | S%ITEHIZ
sensitivity Z9O T HMICTTLMERN H D, £OTHOIZIE, 72& 2T shrE T, &6
IZEWIILHFEZ W5 (Radiation Length Xo 23%2< 72V | Nuclear Interaction Length A;
NELRD) EVIRHGDO TR EELAALHY 5 203, FHETF L 4 D event geometry
DFEWVZERTDZEHHELEA I,

AFmSCTIXFEL < il Zedy o723 | HPEF2 AR L 7235561, NBE distribution % A
ThbHOnrs8EH, —DD PMT @ﬁ (2K &E 72 signal 25 T, MIZIE signal 23 722 &
N, —F v BARLIEEATER S vV —%21ED, <O PMT 21T & AEHEIC
energy 0l %, L2 O“C T ZIEBEY 2= D ETFD PMT T coincidence %
EHTEITE ST, FHEFIZED AN M ZBIRWIZELETZENTELEEZXTND
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