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F1E REROENHHE

1.1 introduction

Ra—F=U b BEOEMER LI a—A VL BETORBRETH S

Ra2a—F=T DT UF I a—F = AANOTEHUTEEIFSTIIE IS h
TW5,, aasid, FERRICBOLTL,
VT M ERERI Y (Le + Ly + L) = const . BEU, {HAZT LoV
TN BN T 4 —FEEURER] Y Ly = const(l = e, p, 1) (—2 DI
BOTVT M BBRESN D) 0D 2o REFRZ T SR e s
BUDSTHDL, a—F=a PSP UFIa—Td o AAOTHTIT
VIR BIIUTO L2125,

ptem — pet
L +1-1 — -1+1
L, +10 — -10
Ly 0-1 — 0+1

ZZTIEHRI oV 7 b VI RESIN T RWY, o TIa—F =T AL
LV UFIa—F T LOBTES B SN S 2 id, EERSRE FES LY
HEA P HRAMSHADEE L AT 5 2 L1205, ZD=DITIIS H
DFET 7V FIa—F=U L0ERETEHL 2ThER 620, BED
EEBTCIE TV FIa—A=ULbFDAEI 2 —F U2 WILEFy T F v — S,
ZZTERSN: TaOfELZBRET 52 LIk > TEAL Tn5, 22T,
F 4% Ta decay D7D DR EZFAFRTHZ LIl T, ZOFEERTIE Ta—
W RO % /ERL . ZOMRER HRBRL 72,



F2E BH

2.1 SEEROEIER

silicon powder

?4 """"" Ta decay
muon beam

2.1: muonium

BIICEE SNhAERTIE ut o8 =02 Uay Aoy —12 4T, K
Ra-F=ULEERTS, Sa—F=TLANDOAUN=T g UL,
BT ATV DRANT p= BF v T F ¥ —SN TaddT& 5, Ta DFFEEA
R IMNVEHATELIET, KIa—F=T 8053 a—F =7 LAAOLEHN
i HHERD LIRZRET 5,

BADEBRTIZAI a2 —FrE—L2 WH—F vy MIBHEL., ElEh
7z Ta @ decay Z{IEET 5., decay L T 414KeV @ v fE2 T A X h D

(N(414)) EWRHTlEE 5722 -4 > O (N,.) & detection efficiency %
HAOWTUTD LIRS 5, SEIOHETKD 2HMHEIT f(nuclear) TH 5,

N(414) = N, fgh



symbol Description
f(nuclear) § Nuclear capture
f(184) 184Ta, production
g(decay) 184Tq branching ratio
9(B) B efficiency

9(7) ~ efficiency

9(Yder) Delayed + efficiency

h 184y decay correction

f=f(nuclear) f(184)
g=g(decay)g(8)g(7)g(vaer)

h = h(beam)h(counting)h(busy)
h(counting)=exp(-At;)-exp(-At )
h(beam)=[1-exp(-Atp)]/Atp
tp:beam time
A=In2/7 (7=8.7 h half-life of 1¥4Ta)

t;,ty : starting and stopping counting time




E3E AE

3.1 HARKE
311 ByMT7vT

M (3.1.1) DLk S IRERFKL . M (3.11)DL5%ty b7 v T 2HW
fzo ZZTIE. TOEBREBEOER[ICOWTHMIT S,

PMT

3.1: Detector

AV "IV F U —FE2FE LT, ZOWMNC Nal > F L —F 3B
THARE., T LT, ZE2EEa0FRT NIy — ATy =)V RL 7, #l
TBIFEEICR R ERLE ETT-7, 2foX&E 32 L CdlE 250mm | &
& 220mm . BTE 250mm TH 5,

9. AV MBIV UF U —FITOWCEHAZ TS5, AUy NIV U F L —
2 ORI (3.1.1) ITRL 22 BY, 3mm EOWERY F L —4% 1lmm
BRCT6BS AUy ME->TWE, ZOZERAV y MEEXHWSZ & TIE
ERVEAZE D 2 ENTE, SRR oA EREN DO REGERE
BHABNDLEI LI, TZTE. W4 pu~ — Ta OEFRIC & > TERK



3.2: Setup

IN/=Z 2 F) Ta ODFREE Ta - W +e” OREVPREE b LT, Vv
FU—2DESYL ., BREHRELZ, YUF UV —FDEE 3mm I&. Beta i
BORZINE —BTE2Y - ARBEET L U F U —F TRIET L DICHE
THRBETHE, £z, BIHIRE ET 5-0IEBROY VF L —FTh
ZTHTHRL TPV IBRANEBNT, Kt Lz, ZOT7IVIKRANVEE
FEHTFITHL UEL AL BEL B RN & 2HERL - (L I3k).
Ay NI Y F U — Z3RE FAMBICE NS 5 2 LANHT 51T, A
Uy NI UF U —ZHONET — ABERT 5 Z L TENT LI 2Tl 7z,
7272, KEMES ZRET B2 DICHNERY — A TFERIE A Y v RIS U F L —Z &R
Ay L. TDOLETEZEORERYIES L HITL 72, WER — ALK
THIEERED., NERCT NV IRANE -7z, Ehz, BT L 230138k
F—T 2L Z L THFRL /2. BIAIC Beta FIEORIRICHE € 5 Gamma
BUINER Y — A2 EHTAY v MY U F L — ZITHEB SN TICHE; D Nal
VUFU—FITEET LI L BHERL 2, Zh 5 oRESIRIC OB T HIR
T 5,

E5HE

BN U F U= AORTNUIR S N, EEOREEKICL 2l
hEezwn, 7T, YU FUL—FORAETIVIRANEHE LD,
e E-7-00, T2L TR 0Wb oo 3FEEY AZL . FHO&S
TOHNEERELZFANIZ, TOREE. ML TH2RVWHDIETA T AR



FHEDESL N T. KEAMEELD TV IRANEEDIZRTNI RS
NWZ 2R 5Tz, LDLRDYS . REIHITES & IR >TL £,
EEURZANIRS>TLEIDT, AV v NEUTHWS DAY L ¥
Wil 7z, 7IVIBANEE =Ty hE2BATLE ISR TILE >IN B
FNRH LN, KE2TNTSTT L2, $h BEOENEEYRL -
ZeRhENPLEINERALL, 2oL EOFEMELZN (3.1.1)IIRT., 22

Pul se Hei ght (nV)

Li ght
Qui de g /

1 1 1 1 1 .60
40 60 80 100 120 140 160

3.3: Signal Intencity

TH 5 Y) PMT O DfDFERENIEFEITTH, > T PMTICLS
EROFAMLITY Y F U — 7 OWfllh S oXNHEZAML 2HAL . Z0H
BiE N UH—LT5,

3.1.2 NiM4LER

NiMAFERDOEIRE L E5DF A LT A4 V1K (3.1.2) THB, T2 T
. ERORRETH S RIS OWTHAT S, ST TTHEEL RUhis
HODIIE —LBHIC L > THELNEZ 2 Z)V Ta¥VPlnizdic, &)
DREIIRIRAR N THLELNIZ L TH DL, -7, BT v R %
AL E > TEELRVET I LIV REL LT, VA RITONWTE
AT L, JAZXMERIETIA N ) AR THL e RETEZ RV F —
Ky b EEEHEBERRAZ LT, JARTY =L TEINTELTHA D,
CDOFOTCTEBEE R 72, 2L, F—2IINT BZD & DR HTE
L5 LB ETCRYBBICHRAZ LN T LD TCHMEELRY B0
BEICHKL WRETHNT LV, £F, Nal> v F L — 05 D{E5% Fanln



Signal IN DSC Weiln W=30n
HeEW
HE 1650
He60
B0
H=060
D e
He100 N
He M|
Veto
LR2
MF Ly
W
To ADC1
Ty e,
Ly g, N, U—
P P P
To ADC2
—
s evs IR [
erogs

L

~ o DRrious Widh 355 usec

satos b ADC2 Oupn

3.4: Logic Circuit and Time Line



/ FanOut T—2Iil¥& 5, ¥/, AUy NIV F UL —-INEDENTE
NOEMPSDEBFLEMKICL T—2icEe®s, IT, Ta-sWHe™ D
FEERE — NI £ T Gamma #} 4p & . Betafif f 2NTTFEFHIMH S, €
DB REERE BOLK, W5 W L7425 Gamma f#f vy DS Hh D
ZENHENTVS, EoT. p,B DALY YTV ARMY, ThE BT
SELBVDL 1 eDAA VYT AR b TR UH—L L, T2
LRENRIT Ap,Byg PEFRNVTF—, BLY, p,B & vy L OKEETH
%, it>TC ADC 2 22 TDC % 1 2 /=,

3.1.3 Camac 7—42R&ER

NiM AR S %2 — b, L &, M UKH—2 L T Camac T —F 4L
FRTT — ¥ % 5HAIL 2. Camac Module [ZE5TEMNSFHIEL . OS &
LT Linux 2.2 . A AR T AN L T KEK EAi @ cep driver for Linux
ver 1.24 Wz, T IRET T T LDV — REHRIC, Y-y
VEIER (3.1.3) IS Y., ZZCOEBALL UL SDL 9475 UEANT
10msec F2ED Wait 2> TW5Z 2 TH5S, Zhid, TDC AHW=DIT
Bean Z LN VN —BEENYE W TDC B2 HungUp L CL W&
FEWSAKETETCHIAL 2B LICERT 5, 72T Ta ORENH
BARY N THDLZ NS, FARCARY MBRETL LS Z eidhne
REL T, TDC 2 HungUp L72WVWE DX YD Wait 27D TH 5,

3.1.4 Ep{ErER L FlERER

VLo T Ta OREXBHTALZ LN TEL L 22N H7-DITLA
TOFIHEREIT- 7.

o FRZEE O BIEREDR
e NiM Camac O E{ERER
e Ny I ITIUVRT

BHPEEOBEHERL L ORY b 0= LD 2y Decay ZHIFEL 7=, BAKH
121X Nal v > F L — 7 O8fEiER L L T Back to Back 24 V¥ F > Ak L
0, 511keV DAY NVEEI=, DFIT, 22Na O L FERHCHE Sh
% 1275keV @ ~ #i B#E N U —& LT, 1275keV & 511keV @ ~ f
D ART MVEBE, SSHICFEHFRVIREINRNZ L 2HEIO 57201,
FE—Dty N7 v 7 TTF—2 %2 IERL 7=,

NiM Camac OEfFIERL L T, RY b= L0 3y fpELZRHIL 72, 6
KD Nalv v FU—FDHH 1 2% 1275keV D v R/ TLE U e L,



ADC1 LAMY

ADCZ LAM?

READ ADC2
FEAD TDE Wi
Smsec
CREAR.
MODULES
Wai
50 mec

3.5: Sequential

%V 5 &% =D oD TE DS DR S WD B 5T & 17—
FEMDEIICL k. ZOMBEDEERAICER CEFLHERL . Fic,
BIEL AL TT Y ATHAZ ATIEFEICH L 2 & WAL /2. $ivxT TDC
ICDWT b IERE L 2D RER A OBIEE B2 AL THY. Na 2 T
HERL 2DIFEN TH -2 2 EWBRITHBAL 72, ABOEBRTIE 1usec AT
DREREEIE Veto 2L TEBYVZ 26 Na 2 VW EREBRIIETTH 5,
Ny I 7590 R0 TRt 5,
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F4a4E pbE— LS

4.1 FRHE

pHLWENCAVAL L BFOHEFRCEICHET 2130, WE
DREFRZICHEIN S, fEICE, BEShE u BEVBEIFPL. "R
DI OFEGNENT S, ZOHERIFEFIHFEDOLDRDT, FEEICLD
RELBEFL2EUL . B AT OFEGOBLL 2FARNLZ LT, FFIC
pEEIN/-Z L BRT L BT, CORFICENLETHEIN 2D
"5,

puM 1SNV RTDET =Ty M ng lBARHTELT 5L, =7y NRF
KXy 7F 5 —SNTICEFITHEL T BERET, 7% u ot oF
i (2.2usec) L L. A2 =Ty NRFDO uF¥7F ¥ —EHLTHL, ¥—
7y MO p#in(t) 1

dn _ —ln—)\n—ln =T
dt T o T 147
t
n(t) = noexp (—;) (4.1)

X 7Ty — SHTITHIEL . RIBBICHD 2 BT e(t) 13, RHEEOD ac-
ceptance Z n & L C

de _n _ o t

7T e:z:p( T,)

e(t) = MoT [1 —eap (—Ti)] (4.2)

3

i b,

L. E— L0 L B - LoRERRE THE TS (1/f>1). bzt
ViIEE LT, mBEEOE Y DEE B(m — 1) (=b(m-1)~bm O A X b
B) LU TFO Lok s,

bm bm bm N,
fT/ f@m:fT/ me:/ lﬁaw(—%)ﬁ (No = £Tn)
b(m—1) dt b(m—1) T bm—1) T T

EER. M41DEIRANT MABNEON S, BT ¢ HOEE A N2 M
TH5H, THOE - LABHEHTHELNLEBEOBEFD AR MV B(m) (52K

11



le+08

‘ Iongruni
1e+07 {

1le+06 H

100000 H

count

10000 H

1000 §

100 {

0 2000 4000 6000 8000 10000
ns

10 §

1

X 4.1: EF—FZD AT M)V

DANRY bVOEHARE. ANV MOYARTEI DT, SOGHEF AN
FovuSicEbEs) 2 A0, BT fitting L Z2BHIE SN K E
G(t) = Goeaxp(—t/T') £ TH., AL NI =3 B(m) 1%, & UIEIHES
#HPAIC K SRTH/NS0 e ThiE

I = ZB(m) = fTe(o0) = %OTI

o0 "
1/‘Gmﬁ=Gm
b Jo

b
Gort"  Go
br'n — bnr
LROEND, No/T = FIZEMBRENCY — 7 v NRFICHEREL 72 p B TH
%,
& =7y NIBREEO R0 670 555,

1R

Ny = (4.3)

ﬂﬂ:}:&wpcga (7 ZRTFDOF v 7 F v —EEISKIET 5 BT 0Fd)(4.4)
LT, 408 ENERATATL 2 p oBICHE T2 EZZ 6N 5,

—F. ¥ T Fr—EhD il c(t) 13

dc t
a = An= )\ngexp (—;)
c(t) = Ar'ng [1 —ezp (— —t,>] (4.5)
T

THDH, 26, pX¥7Fr—V—hMI M TEXSGN S,

SEDERTIE, ¥ T 2572 (W)X uDF ¥ T Fr —ENTH 2 #)L (Ta)
ICEBBT 5.

12



WIS BT BRI AT % uw B Fw 13 Fyy = Gw /(bnrT) TH 5.,
pEXXx7Fr—LWH TallZbbE G2 reT5L. TadEE Ta(t)
k. TaDHFmEr k2 T5HL

dTa

e = rFw —«kTa
Ta(t) = Fwr [l—ea:p (—é)] (4.6)
ehb,
4.2 EBR
4.2.1 [R¥
1. BFRERBICERICTLZ LIk nRFE2ERL . ZORETEL
leuxib,

2. p DEMEAVESEL . BEICLVRAKT S, SEOEKTIE 60MeV
D p~ EHO,

3. p =y MIEDITE, ZOF—F vy NPT HEETE2 Y
YFU—F TR, TDCOAN vy 7l b, ANy 7 EFIRESIES
I/ SABH LD T, multi stop TDC Z vy, —2>—2MW AN v /{5
FC8 5 E9ICT S, TDC DAY MG, BT oFas, 7y
T IO, Ty T Fyr—SNic pBribnr s,
7B, TDC O start signal I&. p A% target IS AL 7B TldR 0o
THEEREET 5,

4.2.2 hEsR - EE

1. BT RVF — RSB TeE M E GRS B
PR RIESERERY  (KEK-MSL) #—%ER%  u-port (appendix)

2. target foil [W] ; 50mmx100mm x0.1mm
3. folder [Al] ; W foil Z I SAZATREET 572D HD

4. TIRAF v 7 v F U —4 (M4.3) ; REZIE n~ 0.38

13
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R e

X 4.2: SEER O HEN

font view si de

©

100mMm

120mm

180mm

M 43: TIAFw I FU—4

4.2.3 beam study

ES

1. E—=L79y 7 A%HRKLT S,
p OFRERE B EFTDRES 2 DT CHEL RS 5, 205 b—2ld
OEFEE D LI DITREGORSIEERE INTHENNLN, fio
BT ORGSO TR S % EERANCHRETL TRALEZ1T .
ERRE, Fr T Fr -V —IBRLIAEN TS, 60MeV D p %+
DD BLETORESZFFD ALK 16mm 2% —2 v ML . 10 B[
DHBHTD ARV N % RS FET 5,

2. All16mm i< 5 HREEL — L% YT TARY MMVE RS (Al 16mm).

3. #—7%"v F72L (nothing),foil folder ® % (folder only) TE — A% Y

14



5,

4. B — LKL . FIDIEFRNC W 0.6mm+Al 16mm. LA W % 0.2mm
D2 2.0mm ETCHEHPL . 45 DEELY —L2BHL TAXRT MVvE
R%, (W0.6mm ~ W 2.0mm)

5. B —AICHL . FANC Al 2mm+W 2.0mm & L T, REfE — L% Y
T%, (longrunl~7)
FHNC Al 21E < DX, Beam study 25, pid W 2.0mm Cld+41C
EFESsTORVDOTIZRWD YL 2720 TH 5,

SEEAEICDWT

o ARV MO TEITDONT
BONTZAXRT MVITBIT 5, ARV ho¥EE% 2060ns ISRET 5.
Zhid, 2000ns FIET. @BFTHIEL LB FVIREERIPN L2 &I
KB I AXMHENETHD, LR, ZO¥REEEIEL AT ML
ZHWS, (M44)

100000

10000

before

10000

1000

count

100

1000
0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 1800 1850 1900 1950 2000 2050 2100 2150 2200
ns ns

10000

after

1000 WW

0 50 100 150 200 250 300 350 400
ns

X 4.4: /XY ~o¥a EoBIE

o fitting IT 2T
ARV ho¥agEHbElz TDC DAY MMk, FEBIRIT fitting
T5, “EHoSRBHNE. Zo0HEIRT fitting T5.
OB fitting 25K E L RNT OFNS | loT—F &

15



&Lz eicky. £BOMELHLBERETHZLMNTE S,
ZOX¥aFE o, ZFL2OSRBICILEFE ST p OBOLLTH S,

o HNERRIY/Z Y D event count 1T 2WT

ETCORTFMNRRICAHW T £0, £2CoREETHREIN LD
ThHhhE, Fovo¥abidy -7y MTlbE->7HE2RL Tn50
T, ZhFZ =y hOEICESRWITTH S, LL. BHELLT
7o 70¥agiE AlO&H 16mm & W 0.6mm+Al 16mm THRATH -
7= (45), 2206 "pkRTLHLILNTELEINIOMICH
LOTCIRRZD TR LER LI N TE DL,

VAT, W 0.6mm #HH#ICL TEZX 5,

10 T
Al16mm  +
%X, W 0.6mm  x
*gxx WO0.8mm  x
* 4+ X
i ;;ii i} W 1.0mm o
"ty X i;ix*
o00g xx Xy %
o XK E L+
s} * M
" o oa O ii;txx
(] o o ***§+¥+
g Bo % X% 4
=1 B o x x¥xy
Q XX%
o o x K x XXy
B Fhx xx
o Bo * x
DD ¥ x7 4 *
DDDDDx¥;x§*++
¥kt o+
* **XX
0" By Fgx
*
DDDDﬁD*
oo
L L L
0 200 400 600 800 1000

ns

4.5: MARY N (T 7 0¥ a k) oLl

e back ground IZ2W T
foil Z BN TH, W+ AL, ZFEROSE+EHL v AN
7 MVOERERY L&D (K4.6),
Ny 2759 RTY pREETE2HET 28T 02 RBIC u ik E -
THEL I=ET1, &P CTHEL CELLETVH 5,
£ a7z back ground 137 —7" v M BBV i, BPROVERL
BU & 2Bl Sy, ¥ 6 ET&E X 7 back ground 12 5 MM
WHYH =7y MLV ER SN SNRWED S, bbb,
5=y NEBEPRP 5Tz EDET% back ground & L TZ£L 5[<
ZXIETERNY,
"W 0.6mm+Al 1.6mm ~ W 1.0mm+Al 1.6mm ¥ T, back ground

16



Z 5| KHID AXRY MUITBWT, 2exp T fitting L 7B, WITIEE >
e B s lux [ FKEN P STz (F4l), EnHZeiE, ZofE
TEHHELL TWRIEELEEF>sTWhh sk it b,

Wmm] Gw(0) [s71] Tw [ns]
0.6 0.485+0.022 55.78+ 0.29
0.8 0.455+0.025 95.93+ 0.59
1.0 0.667£0.027 45.25+0.20
1.2 1.056x0.020 100.86=£0.20

& 4.1: BIERTO AX 7 N )V D fitting parameters

DAEMWSHERIT H 2, =0 v M REWZRITE] < XE back ground”
. "W 0.6mm DB, WIIEE S TWE EDICARE THL L
EZDLIENTED,

W 0.6mm+Al 1.6mm D AXRZ kL% 2exp T7 4y LT, "W EH
CEIICRABEA" I THHT L DIT, =7 v N 2@ T2k
DARTNNVDT 7 74 —%FHETLL, 00—k sl E
BEENCYH., B — LISl TRFOBEERDIZ SN, kv —LbD /) (X
ZHORADLLEAONLDOTHYTHLLEALNS, /=, M4.6M
5%, ZL 3|< Back Ground ¥ L TGEYTH 5,

10

T T
nothing
folder only
W 2.35mm

folder*0.4

O % X +

0.1

count/s

4, ++++t5< X
-
% o+ % -

Pl

0.01

0.001 I I I I I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
ns

4.6: Back Ground,folder ® # Jongrun,folderx0.4 & Lb#;

o BT D flux (S 7n¥aEoiil) MNiEbd T Liz>o2nT

17



757080 ORFMTENERICY —7y MICART IR TH
5, L2»L WAHZ 5o, ZNDEs., Zhld, 7F—F v bAs
beam DHEITHENIK L T'BEL ">/ STH L L EXLDNZY
ThsH, ZINPGLTORERZT 5,

"W 0.6mm DBIZ, Al FICLTo uMikFE Y, Fo7o¥uabasrnse
flux &KL T35, ”

"W QNN L % BT @ flux DT, W OBERDEEIMORIT LS,
WOEWIRIEE ST 5, 7

oT. WOk s TR EZZXAONEENTDT Sy 7 2D
S B TWIRLEEFSTWEE LT, 2002 BL TR50ERD 5,

UEMS ., EOF =205, ARBEICE N TSN IEE S nd S
L2 T FIEE

1.

EARXRIZ M NVOARY Mo¥a SR 2060ns 12, AT NV EBIE
T 5,

TR — LR THE| 5,

AR IS, Z—=Fy b eBPRWWTH S ANXT MLdD 40 73—
o hEZELBIL

lexp B L <& 2exp T fitting,

W 0.6mm OBO Ao EL, {F20GEEOLEO¥ A EDEL TR
D, (RPF DTy 7 ANB-T8) ZT0n%d Wor I 70¥n S
Mz 5.

Al 2mm + W 2.0mm — W 2.35mm & #8L <, RAfKkD 5, (1
C®D 0.6mm ITiFIEFE > TRWEARE) .

Z 9L T longrun OFDO W O 57 ORIEL 7= ¥ 1 &% 100 8—k >
e LT, HAOMIEL ¥ SoEE%2RkD 5,

#lE Al OFEE 0.35mm D5 % 5T, longrun DRI E N 7ET OF|
EBWILE ST MBI N TE S,

RO P
W 0.6mm OO W OFIEL 727 57 0¥ ufiz G, k¥ L T5, Gy =
0CH 5,
BT AT OMKBEICIEE S »HEEI
Gi— G
4=t
Ej GJ'

18
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O0A;
0Gy,

_ @ik = di1k) 0 Gy) — (Gi = Gi) (4.8)

(XGy)’

PAEMS fitting DFEEEZAG; 2 LT, A;OBEAANILATO X HITKkE S,

(A4 =" (‘M" ) (AG)? (4.9)
’ 0Gy,
B2l
1. fitting (K 4.2, N 4.7)

TTw = 72 ~ T9ns; , Ta; = 864 ~ 905ns, Tp, = 201 ~ 207ns; & &

NTns, W=0.8 ~ 1.2mm L T, H4.706b2n5 L 51T, Al
PSR DI, WK ELRD L Al DS D VI

{250, WL AIDIKEHTH DL TS ZFET 5.,

Wlmm] Gw(0) [s7}] Tw [ns] G4(0) [s71] TAL [n8] Gy [s7]

0.6 - - 8.203+0.007 895.3+£0.1 -

0.8 -0.036+0.027 50.0+7.62 8.204+0.016 895.3£0.1 0.425+0.027
1.0 -0.798+0.019 288.4+0.5 7.369+0.010 840.7+0.8 0.831+0.020
1.2 0.621£0.002 133.2+0.5 6.658+0.020 900.5£0.1 1.543+0.007
1.4 0.929+0.021 63.63+0.15 4.803+0.014 886.5+0.1 3.397+0.021
1.6 2.262+0.016 73.23+0.05 2.824+0.010 888.7+0.2 5.377+0.017
1.8 3.279+0.011 79.83+0.03 1.023+0.007 904.94+0.3 7.1784+0.013
2.0 3.486+0.010 82.30+0.02 0.276+0.006 1050.0+1.31 7.9244+0.012

2.35 4.201+0.005 75.74+0.01 0.088=+0.003 948.2+1.8 8.112+0.008

% 4.2: fitting parameters

2. long run ORI foil fAIKBICE N K S VWDEEN L & 5 7eh
(£ 4.3, X 4.8)

3. 1 %729 1T longrunl OREIC WICIEF - - 2E0 &,

Fyy = (@IELLEW OV S70¥ak) x /by
= 2348.2 + 5.0 f@/sec

4. % longrun O

longrunl OB, B —LAFT 4RO T T I ALRACTHLLER 5,
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X 4.7: BIEL 7o AX 7 k)L & fitting

7 — & D 2060ns LABEDOIR A X2 M A5 . £ longrun & longrunl &
DT Ty I ADEZR, ZZ06, longrun D7 Ty 7 Ak T

HATBERI Y720 D A XY ML longrunl £ @b

longrunl 32.0796 1
4 longrun 31.0607 0.96824

£ oT, Zlongrun DO WITAHT L7 5y 7 AT
Fy = 2273.6 £ 4.9 @ /sec (4.10)

ERED,
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W [mm]  rate B ‘ longrunl @ p#i/sec  Br=

0 0 0 0 0
0.35 0.05234 0.02528 122.904 59.3600
0.55 0.05009 0.03351 117.610 78.6978
0.75 0.08776 0.02153 206.076 50.5483
0.95 0.22861 0.01807 536.812 42.4321
1.15 0.24403 0.02898 573.016 68.0563
1.35 0.22202 0.02277 521.339 53.4781
1.55 0.09203 0.01588 216.093 37.2950
1.825 0.02313 0.01178 54.3115 27.6649

# 4.3: longrun ICBT %, 2EISHT 274 ANVT L D p OEE

0.3

mu rate ———

0.25 ¢
0.2 |

0.15

| ] |

O 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20

W foil

rate

4.8: E L
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5.1 energy calibration

7> <HED energy calibration 1213 22Na(511KeV,1275KeV). 137Cs(662KeV)
ZHOE, BEEEE DX AE T IVE —FHEI T 3L X BN R NE
BHER L IEEHL Ve EX SN, BE 18mm OT T AF v JT U FL—F —
TOZR)NF —HERIT 3.6MeV LETHEHTE 5, ZHIT attenuator Z AT,
N— Z D energy calibration IZ iV 7z,

Nal Nal

source

5.1: 1~ <HRD energy calobration ¥ v N7 v 7
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5.2: N\— Z D energy calibration v 87 v 7 D

HERCHEORERO L FICENY VF L —% —% 10em Bl TEX, 57
DOEBHITEEND o 2B ADC DAL 247572,

ADC count real ADC count

N

actual ADC count

7~
/ ener gy

5.3: ADC correction

~N— % D calibration DERIT, signal @ offset 237 T ZAIT TN T /=9,
RTFTAFZNVD ADC count ¥ TH -7, 24D ADC count 2¥THh, Zo
{3 attenuator DFREMEIC L > TED LD, ZoMIEEZ L=, QlE. TH
724y % gate width ORIZVT S L /- EWICHY T 5 ADC count,



5.2 cutting

F—DH v b DML, HB—IT TDCH time up L T 72wy, ADC A% over
flow L TWRWE D, Nal T 1.4MeV A LD X NVF —% &L T ADC ¥
over flow 54X MIFHBICL->TRZ S EEZZ N5,

BT ATV T FANVERATRETT —#% 2 Y (empty run), 727 ¥
TYINIRARY NNz, AZ—K Y7 F)d ADC ¥ over flow L 7z
BFIC delayed gamma @ background & 72 % AR 7 N VT R )V F — 400keV
DO —IWRENT=, TDA X2 M prompt signal TRKERITRIVE — %7
L. TDC T3 psec ATFICEFL TW5, ZHIEFHMR Nal FT3% T T %
NWE—=IMRKEN=D, signal ® width A gate delay % LAY BEH T2 A
VUT U ARLDLILICEDLBLDTH D,

stop signal @ timming © ADC % & % & FHRDO T XV ¥ —HRINHT
B2, TO—WPHFOZXNT -2 BRTNEI LIk, E—I28Nh
LLEZLND, gate D delay & 1 psec 6 3 pusec IKMATHEL £ 91
background @ data % £ 5722 25, ZOE—ZIIHA DT, REITFH
MThHoToZelbhrsd,

& 51T delayed gamma, 1Z1& prompt gammma D A N>~ A% 414keV D
BE -7 D30 INICH L L W IHRGEE DT,
N—Z D threshold DLEN OS2z, SENEIN—F DT R)VF —
Y 300keV LA EE WD Ay MTL 7=, LAFDOMIE empty run @7 — ZIT4T
DAy h2IFE ZTEETDO AT b IVOELL.
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5.4: prompt v Z£ : cut H £ : cut &
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beta arter oo
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5.6: delayed v Z : cut A A : cut
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5.3 Ta decay spectrum

BIEiORBTT — %% v T 52 prompt gammma, 12V TE 414KeV
DHBE -2 a7 b VBEO AR BRI TS,
delayed gamma TITE|GDZ V> 921, 537TKeV DE—IMRR6N 5, T X))V
F—MZNUTDARY hD TDC T — 206850 5 OMHEIE 8.2usec
LIRBIO, T ATV DRIKINEN S 921 X 53TKeV D v #EHHL T
SIS ICHERBICHED GBI 2 yMTHL BRSNS,
Z OB OBEEILY D&Y psec B TH S DT, —[EID data taking THEIH
IN1§ 5. delayed gamma DT X NVF —Z LD TDCT — ¥ 6HF6N 54
WAL Ta O F9EHA 8.3usec & LR TR YZETH S,
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5.8: prompt ~y
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5.11: Ta decay scheme
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EE HFR

6.1 result
AT MRS f(184) 2K 5,

fluz=4199124.60+28609 /hour
D=0.93554+0.0383

f(nuclear)=0.9671+6.8382x10~°
g(decay)=0.7940.01
9(8)=0.5968+0.014
9(7)=0.215340.041
(

9(Vae1)=0.349440.01

N (414)=36409+191

£(184)=0.0677+0.00058
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BTE EZE

B #j& prompt,delayed D 2D v #D 3coincidence ZEXRT 5 Z & T Ta D
R L BR LI M TEL,
TDC OF — 25 E I b P Sh 2 ESEV b 0255 2 &t
T&7,

© D beam study 12T
FHEIC BT, bo L bEEROIE, /XY No¥aETH S, SElE 2060ns
LABED AR N)UT fitting L. A XV b E&ED 2060ns & L 7228, 75
7% R% & 2000ns FEED & HEAGERA L %2 L Tnhb,
trigger DERE Y 1 OEBENI P EIE, 2000ns LARTOY — 7 2 &b L
LBEBFICELbDTHLLTHE., FHIShA2AXY bo¥adlghEso
THLEW, SEIEZFNIEBONED 5D T, REEHIZITD R,
Z D4, fitting DFER%E 2000ns T THMICFI SMETEL, WDI7I v
AMNFEMBICR DT, DRVEETHLLEAS. BG 22X 55| ky
DHERFUEDL >TL 50T, FHAEIT>WTUE, —BRIFFA RN,
R DOBIR T, 56 N7z study DIFERIZZ IZEN 572D T, I5IT, beam
study DREC, 799 7 ZAWED>TL £ T a6, A XY MRS DT
EREERL 120D, TN b T Ty I AMFo o nre F 95 XA
Db, ZORREERET 510E. EE study DRIC All6mm 72 & %
BWT, TOARY NERTT Ty 7 ZAOZEALE FNZFT I WHIT 22072
59, LIPLEERE U TRRERO longrun OO 7 Ty 7 ZH%, W20mm
LIEE AL WIMEND T, RO study DREID 7 T v 7 ZDZE{LIZ/N
INneEZILNS,

B HED energy calibration X BWNT, threshold D ALEA M6 72 {72 5
TLESRY, MEPBEITZRS>TLESRI LN, RARLLTHETON
%, ERATITHBNT BRROEHR S £ VIEH SR 57, f(184) OfEl:
TRIUMF O EEfE (0.107+£0.003) 76 k& LB CL £ 57, MAEARE
v #RD efficiency D FHHE X low enegy @ background X IRA FHE.
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MSEAEICIT R, R, FAMAEEICIZERICOVTEORSIGEZTHE H
DR H5TENnFELE, FLEAIA, BAIAZIILD L T5 KEK FR
FHERDOERE, I 2a—F e —L2EBL (EERBROWEL EX TR
R TV ET,
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EI9E appendix

9.1 Source code

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <time.h>
#include <sys/types.h>
#include <sys/time.h>
#include <sys/errno.h>
#include "camlib.h"

#include "SDL.h"

extern FILE *stderr;

extern int NAF(int n, int a, int f);
#define TRUE 0

#define ENLAM 8
#define CLR 9
#define LAM 8
#define READ 0O
#define READCL 2
#define WRITE 16

int camac_initialize(int crete);

int camac_terminate() ;
SDL_Surface *screen;
SDL_Surface *image;

SDL_Event event;

int
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main(int argc, char *argv[])
{
// crate number
const int crate = 0;

// station number (address)

const int elr = 1;

const int adc_f = 7;
const int adc_d = 5;
const int tdc = 11;

// take channel (subaddress)

const int adc_f_ch[l] ={6, 7, 8, 11, 12, 13, 14, 15 };
const int adc_d_ch[] ={ 0, 1, 2, 3, 4, 5 };
const int tdc_ch = 0;

// data conversion wait time
const long trial = 100;

const long wait = 10; // mili second

// data temporary

int data = 0;
int q=0;

int x = 0;

int i=0;

int j=0;

int k = 0;

int fin = 0;
char logo[] = "logo.bmp";
time_t tp;

char outfile[19];
FILE *fp;

// How to loop

time_t startTime = 0;
time_t continueTime = 600;
time_t limitTime = 0;
long loopCount = 0;
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// check argument value

if (argec == 0) {
i = 0x001;
fprintf (stderr, "Jd \t Select how long to continue DAQ\n", i);
exit(i);

}

continueTime = atoi(argv[1]);

// open SDL driver

if (SDL_Init(SDL_INIT_AUDIO | SDL_INIT_VIDED) < 0) {
i = 0x100;
fprintf (stderr, "%d \t SDL OPEN ERROR :%s\n", i, SDL_GetError());
exit(i);

}

atexit (SDL_Quit);

screen = SDL_SetVideoMode (1024,480,16,SDL_SWSURFACE) ;

if (screen == NULL){
i = 0x200;
fprintf (stderr, "%d SDL SCREEN ERROR :%s\n", i, SDL_GetError());
exit(i);

}

SDL_WM_SetCaption("Now DAQ",logo);

image = SDL_LoadBMP(logo) ;

if (image == NULL){
i = 0x400;
fprintf (stderr, "%d SDL LOAD LOGO ERROR :%s", i, SDL_GetError());
exit(i);

}

SDL_BlitSurface(image,NULL,screen,NULL) ;

SDL_UpdateRect (screen,0,0,0,0);

// open driver

if ((i = camac_initialize(crate))) {
fprintf(stderr, ")d \t Camac Initialize Error\n", i);
exit(i);

3
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// output file open
for (i = 0; i <= 19; i++)
outfile[i] = 0;
startTime = time(&tp);
strftime(outfile, 18, "Ym%d%H%M/S.dat", localtime(&tp));
if ((fp = fopen(outfile, "w")) == NULL) {
i = 0x010;
fprintf(stderr, "%d \t File: %s open error!!\n", i, outfile);
exit(i);
}
// initialize all channels of all modules
CAMAC(NAF (adc_f, 0, CLR), &data, &q, &x);
CAMAC(NAF (adc_d, 0, CLR), &data, &q, &x);
CAMAC(NAF (tdc, 0, CLR), &data, &q, &x);
CAMAC(NAF (elr, 1, CLR), &data, &q, &x);
CAMAC(NAF (elr, 0, CLR), &data, &q, &x);

// main loop
fprintf(stderr, "# Start DAQ for J%6d seconds \n", (int) continueTime);
fprintf (stderr, "# Start at %6d\n", (int) startTime);
limitTime = startTime + continueTime;
fin = 0;
while (fin == 0){
// end check
if ((i = time(&tp)) > limitTime) fin = 1;
if (SDL_PollEvent (&event)){
switch (event.type){
case SDL_QUIT:
fin = 1;
break;
case SDL_KEYDOWN:
if (event.key.keysym.sym == SDLK_ESCAPE) fin = 1;
break;

}

CAMAC(NAF (tdc, 0, LAM), &data, &q, &x);
if (q == 1) {
loopCount++;

36



printf("%d, ", 1);
fprintf(fp, "%d, ", i);

// get data from adc_fast

j=0;

while (1) {
CAMAC(NAF (adc_f, 0, LAM), &data, &q, &x);
if (q == 1) {

for (k = 0; k < (sizeof adc_f_ch) / sizeof(int); k++) {
CAMAC(NAF (adc_f, adc_f_ch[k], READ), &data, &q, &x);

printf("%6d, ", data);
fprintf (fp,"%d, ", data);
}
break;
}

// time out
if (j > trial) {
for (k = 0; k < (sizeof adc_f_ch) / sizeof(int); k++) {
printf("%d, ", -1);
fprintf(fp,"%d, ", -1);
}
break;
}
j++;
SDL_Delay(wait/2);
}

// get data from adc_delay

j=0;

while (1) {
CAMAC(NAF (adc_d, 0, LAM), &data, &q, &x);
if (@ == 1) {

for (k = 0; k < (sizeof adc_d_ch) / sizeof(int); k++) {
CAMAC(NAF (adc_d, adc_d_ch[k], READ), &data, &q, &x);
printf("%6d, ", data);
fprintf (fp,"%d, ", data);

}

break;
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}
// time out
if (j > trial) {
for (k = 0; k < (sizeof adc_d_ch) / sizeof(int); k++) {
printf("%d, ", -2);
fprintf(fp,"%d, ", -2);
}
break;
}
j++;
SDL_Delay(wait/2);
}

// get data from tdc
CAMAC(NAF (tdc, tdc_ch, READ), &data, &q, &x);
printf ("%6d, ", data);
fprintf(fp,"%d, ", data);
// printf ("%d \n", (int) loopCount);
printf ("\n");
fprintf (fp,"\n");

// clear

CAMAC (NAF (adc_f, 0, CLR), &data, &q, &x);
CAMAC(NAF (adc_d, 0, CLR), &data, &q, &x);
CAMAC(NAF (tdc, 0, CLR), &data, &q, &x);
CAMAC(NAF (elr, 1, CLR), &data, &q, &x);
CAMAC(NAF (elr, 0, CLR), &data, &q, &x);

SDL_Delay(wait);
SDL_Delay(wait);
SDL_Delay(wait);
SDL_Delay(wait) ;
SDL_Delay(wait);

}
fprintf(stderr,"# Finish at %6d\n", i);
fprintf (stderr,"# total count %6d\n", (int) loopCount);
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// Termination

SDL_FreeSurface(image) ;

fclose(fp);

if ((i = camac_terminate())) {
fprintf (stderr, "%d \t Camac Terminate Error\n", i);
exit(i);

}

return 0;

int

camac_initialize(int crete)

{
if (CAMOPN())

return 0x100; // open driver
if (CSETCR(crete))

return 0x200; // set crete
if (CGENZ())

return 0x300; // generate Z
if (CGENCQ))

return 0x400; // generate C
if (CREMIQ))

return 0x500; // generate I
return 0;

}

int

camac_terminate()

{
if (CAMCLS())

return 0x0800; // close driver

return 0;
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