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1.1
u,d [uud]
[udd] [uds]  O[uds] [dss]
-1
Pauli
1952 ( 11)
(CERN) (BNL) K
16
P
A
B
0.05mm
1.1; 2]
p « A
B 3



1970 CERN BNL K, )

19890
BNL
( " K%) (KEK)  BNL
1.2 (KM 2c 2.0MeV(FWHM)
[4] keV
N 2
MeV
Excitation energy [MeV]
-10 -5 0 5 10 15 20 25
250 T T T T T T T T
g 12
225 — A C PA |
P 0<0<14 SA W ‘ %}
~ 175 \
0 r KEK E336
S 150 E 3 .
£ 100
£ o) }f
A
¢ [ / N M 1
017() 175 18() 185 19() 195 ‘*1200‘1 : t2()5‘ ] t510
MHYP_MA[MEV]
1.2:( *,KY) 2c [4] E140
2000 Je ersm 1 (e,e'’K*)
900keV(FWHM) 12
( 1.3)[5] 2
1.2
YN
( pseg
N
S (
) ss K., )
( K", (KY)
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SOi;
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W (o) ~
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U I —

do/dQ (nb/sr/0.3 MeV)

N
[w]
—

30

Ex Energy (MeV)

1.3:(e,e'’K*) 12

TLi

100keV

(Vo=-29.3MeV,rp=1.080+0.395A 23)

6L

YN

[5]

[1]

0

BA(MeV)

900keV
N
N
(*.KY)
( 1.2) WoodsSaxon

[6]
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1.3 (e,e'K)

K
(e,e'’K™)
(e,e'’K")
1.
(K, ) ("K) (> 1cm)
(e,e'’K")
( 0.1mm)
2.
(K, ) (7K YN
(e,
e'K™)
3.
( *.K)
4.
(spin-ip) (spinnon-ip)
N
1.4
Je erson (JLab) 2000 (e,e'’K)
(E89-0®) K* JlabHall-C SOS
K* (HKS)
E89-009 Enge
E89-0® Tilt
€ )
yeild 50 SN 10
206 6 10 Hall-C
(E01-01) 400keV(FWHM)



EO1-0L1

HKS
A(e,p/ )X EPC



2 (e,e'K)

2.1

2.1.1 electro-production
eledro-producton
e+ 771 €+ K +A2Z 1)

( 300MeVic, |=2)
unatual parity

[7]
DWIA(Distorted Wave Impuls Approximation)

(2.1)

natual
eledro-produdion

( 1)

Ohl +1h! (nospuiousadmixures)
DWIA phota/electio-praduction strorg couding congant
e ective Lagrangan
Coplarargeomery
3 3
d d
3= = 2.2
W W x . dx (22)
photoproduction £
d d d p d, P d
= " "+ 1)—o 2.
d < d g T a L("‘)dK (2.3)
T L P
"L
4 Q=(a:!)
_ E Ee
“22P1 "E, (2.4)
Ql ql q! I ’ Eev Ee"v pe- pe”
2.1 E -
¢
=1 L

E =!I + oy (2.5)



=[1+ ? tar?( e=2)] *

Scattering plane

o P

Reaction plane
J=Ps P, momentumtransfer

w= E¢« Ee, virtual photon energy

4=(9, o)
Q=-0>0

2.1:p(e,e'’K")
22 1C
DWIA 128 K+
electo-praductian o
K+
K
e K+ K
2.4 p!
22, 23 K*
0

(2.6)

2.3

[8]

[9]



2.2:12C

2.3: 12

photons/MeV/sr/electron

Cross section (ub/sr)

Es1721MeV b S o S
w=1461 MeV | |

E.=1643VeV, Ex=285MeV =0.01

0 20 40 60 80 100 120
theta (mr)
[8] E.=1721MeV,
(e,e’K") kaon angular distribution, harm. osci, DWIA
4007\\\\‘\\\\‘\\\\‘\\
I AN ground state of 2B hypernuclei
300 —
r otal( 1— + 2— )
200 —
L Spin—flip( 2— )
00—
L Tl o g
: Spin—nonflip (\11\)\ Te-e \‘\,‘_
0 [ R I S
0 5 10 15
LAB ANGLE(degree)
E, = 1.645 GeV, E; = 0.285 GeV, 6, = 0.01 deg
photoproduction K*

I =1461MeV




2.4 E 1.1GeV 2.0GeV

E
K* core
K+
E =1.5GeV K*
1.2GeVc
Ewo ENGE
Ee E +Eo 1.8GeV
aotal (lvlb) p(Y9K+)A
g |
2.0f %Hﬁﬁﬁﬁﬁ
: | SHEA
S :
s L
o
=1 12141618 2
E_(GeV)
2.4:SAPHR p! K* [9]
2.2 background
2000 E89-0®
K* (ShortOrbit Spectraneter(SOS))
(ENGE) M ller

0.3GeV



K* (HKS)
(ENGE) (Tilt ) M ller
GEANT
2.1

2.1:

subject requrement

typicd beameneagy 1.8GeV

electonscateringande Horizortal: 0 (forwardande)
Vertical 4.5

Kaonscateringande >1 (forwardangk)

10



3 E01-011 E&

3.1 CEBAF
1.8GeV K* dutyfacta
Je ersm ContinwsElectran Beam
Accelertor Facility (CEBAF) 3.1
2 400MeV 5 6GeV
AB,C 3 499MHz
499MHz( 2nse) 3.1 CEBAF
[14], [15], [16]
3.1: CEBAF
3 Hall C K* (High-resoldion KaonSpectom-
eter(HKS)) (ENGE ) 3.2
3.3 HKS ENGE 3.4

HKS ENGE

11



3.1: CEBAF [14], [15], [16]

BeamEnegy 0.8- 6 GeV
BeamCurrent <180 A/Hall
Normalized rms Emittance 1 mm mrad
Repetiton Rate 499 MHz/Hall
ChageperBunch <0.4pC

Extractel rms Enegy Spread < 10 4
Transerse rms BeamSize <100 m
Longtudinalrms BeamSize  60(200) m(fsec)
BeamrmsAngularSpread 0.1/

BeamPosition <100 m
BeamHalo(Hall B) <2 10 8(6mm,5nA)
BeamScraping <1

High resolution
Kaon Spectrometer
(HKS)

Jefferson Lak
Hall C

Beam dump | :  = Y SNG Beam line

Enge e
spectrometer 10 feet
3.2: HallC HKS ENGE ( ) GO, SOS,HMS
Hall-C SOSHMS E89001

12



ENGE HKS

Splitter

3.3:HKS ENGE

¥ \o@‘@ AC wC
P x® . X
:
[ Enge Spectrometer | S
D DC 16F
Q2

~2

Wire Chambel\

a1 HKS

High resolution Kaon Spectrometer

Hodoscope—>

Splitter
magnet
electron beam
(1.8 GeV) J 1

3.4: HallC HKS ENGE

13



3.2 Splitter

K+
K* ENGE HKS
3.3 Enge
3.3.1 Enge
ENGE 1960 2
3.2 [12]
3.2:.ENGE
centrdmomentum  283MeV/c
solidande accepance  1.6msr
Horizortal acceotane  25mrad
Verticalacceptance 20mrad
totallengh 5m
momentun bite 20%
3.3.2 Tilt
2.2 M ller
ENGE 7.75 ( 45)
3.5 [14] Tit 7.5 SN
3.3.3 Enge
EngeDrift Chamber(EDC)
(EDC) 3.3 [12]
2002 (LNS) EDC 3.4

[12]

14



1.8GeV, 1=30uA, Target = 100 mg/cm?, '*C

300: T T T I ‘ ‘:
250; —]
: 2 .
200 — % FoM « S/N'Y? ]
N i 7 ]
as i o , 1
\2/ L N
150 — —
v i 1
I L v 1
Df( |- -
1007* -]
i - ] 1
50— >
O: | | 1
0 6 8
ENGE angle (degree)
3.5: [14] 30 A 1.8GeV
12c (/100 presale)
M ller Tit 7.5 SN
rate  1/100 presale FoM(Figureof Merit) ~ SIN'?
3.3: ENGEDrift ChambefEDC)
e ectivearea 100cm 12cm 32an
layernumbe 100", uu’, xx'vw' ,xx")
distanceof layer pair 7.5cm
cell size 0.5cm
angleof u,u’,v,v' for x,x' 30
window matteria Aluminized Myler(12.5 m')
anoce wire matteral W-Au coaed(20 m )
Cathoce wire matteral Al-Au coatel(80 m )
Ampli er discreminato NanometridN277L
numbe of readng chanrel xx'=672ch,ui=213d,vv'=213ch
totd 109&h
analewire tensia 50gw
anadewire tensio 90gw

15



3.4:EDC 2002

[12]

position resdution(horizonta:x)
postion resoltion(vertical.y)

angukr resoltion(horizontatx')
anguler resoluion(verticd:y’)

=0.7mrad
= 2.8mrad

EngeHodescopg EHOD)
ENGE (EHOD) 3.5 [12] KEK T1
1.2GeVic * = 99p=wC
EDC 2
3.5:EHOD [12]
name e ectvearealcm] PMT(Hamamatsu) etc.
EHOD1 100 12 1 H6612 50 25sg@ments
EHOD2 100 12 1 H6612 50 25sg@ments
3.4 HKS
3.4.1 QQD system
HKS (Q1,Q2)
(D) Q1 )
( ) D 1.2GeVc 70
TRANSPORT
[13] [14]
0 e’ 1.2GeVc
7 6
3.4.2 HKS
HKS
HKS
p=z TOF z=1
" 1
-2
mz_p(_2 1)

16

[12]

1

Q2
3.6 HKS

z=+1

(3.1)



3.6:HKS [13][14]

Q1polelengh 84cm
Qlboreradicus 12cm
Q1 eld gradant -5.78Tm
Q2polelengh 60cm
Q2boreradiaus 12cm
Q2 eld gradant 3.40Tm
Dipole polelengh 156cm
Dipole polegapheight 20cm
Diple eld 1.53T
Disperson 3.6¢cnmi%
E89-0® HKS * (HKS
singlesrate) kHz DAQ 1kHz
K+ +
* et WC(WaterCheretkov)
AC(AerogelChererkov) 3.8 HKS
(HDC1,2) TOF 1X,1Y (HTOF1X,1Y) (HAC1,2,3)
TOF 2X (HTOF2X) (HWC1,2) HKS
3.7 [13]
HKS Drift Chamber (HDC)
HKS 2
(HDC1,2) E89-009 150 m
TOF hodescopgHT OF)
IX 2X K* 1.5m 0.9,1.2,1.3GeVic  p, *,
K* 11X 2X 1.5m 3.8
HKS 1.2GeVc T K* 372sec 2
93pecC KEK-PST1
Slewing (pulseheightcomrection) 77psec(rm$

[13]

17



3.6:HKS

3.7:HKS [13]
name  sensitve arealcm] etc.
Drift Chamber
HDC1 90 30 2 xx',uu'(+30 ),w'(-30),
5mmdrift distance, =150 m
HDC2 105 30 2 xx',uu'(+30 ),w'(-30),

5mmdrift distance, =150 m

TOF scinillator hodogope

HTOF1X 125 30 2 7.5%  17sgments
HTOF1Y 125 30 2 3.57 9sgments
HTOF2X 170 30 2 9.5"  18sgments
Aerogd Cherenbv courter(r=1.055hydrophobicaerael)
HAC1 135 40 30 20V 7sgmens
HAC2 135 40 30 20V 7sgmens
HAC3 135 40 30 20V 7sgmens
WaterCherenkv courter(n=1.33waterw/ WLS)
HWC1 185 35 8 15.67 12sgments
HWC2 185 35 8 15.67  12sgments

18



3.8: HTOFLX2X 0.9,1.2,1.3GeX¢

momentun{GeV/c] p[nsec] K*[nse] * [nsec]
0.9 7.22 5.70 5.06
1.2 6.35 5.41 5.03
1.3 6.17 5.35 5.03
Aerogel cherenkov counter
HKS 1.2GeVc * K*
n=1.05 *
10 4 ACl123 3
95% * rejectone cieng
Water cherenkov counter
K* / n=1.33
5104 WC1,2
1 97.5% rejectone cieng
HKS
3.4.3 HKS
HKS 3.9
HKS
GEANT
??
3.9:HKS
centrd momentum 1.2GeVic
momentumaccepance 12.5%
momentunresdution 2 10 * (FWHM)
solidangke 16 msr(w/ splitter)
kaondetectionange  Horizontal:7 (1 -13)

19
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~~ 0.3 ~~ 0.3
@ . .
I simulation | g simulation
o 0250 ;0.25 -
0.2 0.2
0.15 0.15 |-
0.1 0.1
0.05 0.05
ol ol il
0.9 095 1 1.051.1 1.15 1.2 1.25 1.3 1.35 1.4 1.5 2
momentum (GeV/c)
3.7: () ()
% ID 131
E 18 Entries 100
~— Mean 1.207
2 . “/‘\ RMS 0.8916E-01
g’ 16 \\/J‘ v \/\\" \,/ \k
Z A
=l \
6 14 |
3 | |
| \
| |
10 | 1
| \
| |
8 / \
\
[ \
6 ‘ |
| |
\
4 ] |
/ \
|
2 / {
/ x
// ‘\
o 17 3 ‘\‘1,4R s
Momentum (GeV/c)
3.8: HKS

20




3.5

1. 3. n
3. HKS HKS
K* (unbiaseq
(presaled) e'K* /K*
1. e'’K* trigger
X __
( HTOF1X, HTOF2X, AC, WC, (EHOD1 EHOD?2) (3.2)
n
2. K* trigger (HKS singlearm)
x __
HTOF1X, HTOF2X, AC, WC, (3.3)

n

3. p/ *IK* trigger (Unbiasedtrigger)

HTOF1X HTOF2X (3.4)
GEANT HKS HKS
K+
(Groupingtrigger)
NIM
NIM
TohokuUnivasalLogic (TUL)
TUL FPCGA(Field ProgranmableGateArray (ALTERA  APEX
20K ) ALTERA HDL (Hardware Descrption Langua@)
Quartsl | VerilogHDL  Quartusl GUI
HDL [13] TUL 5
HKS TUL 6 NIM
ENGE 1 2 OR TUL
AC,WC 3.10
AC, 3/3 AC, 13
3.9 3.10 HTOF1X,1Y HTOF2X AC,WC TUL
3.11 TUL HKS

21



3.10:AC,WC

AC, 3/3
AC, 2/3
AC, 1/3

(ACl, ACZ)

ACl, AC2, AC3,
(ACZ, AC3)
ACl, AC2, AC3,

(AC3, ACly)

WC, 2/2
WC, 1/2

WC1, WC2,
WC1, WC2,

HTOF1X&1lY

Unsynchronized OR
Grouping

1X-1 -
Mean timer 1XGri
1X-1top 1X-1
1X-1 bottom 1X-4-
1X-2 top 1X-2 @uerz
1X-2 bottom

1X-16,1
1X-17 top

- 1X-17
1X-17 bottom

1X-1-17
. 1X all OR

Mean timer

T
D
Ty

T1XGr6

1Y-1 left

1Y-1 right 1Y-1-9

1y allOR

1Y-2 left
1Y-2 right

1Y-9 left
1Y-9 right

1X allOR

3.9:HTOF1X,1Y

HTOF2X

Synchronized OR
Grouping

Mean timer

2X-1top 2X-1
2X-1 bottom

2X-2 top

2X-2 bottom

2X-18 top 2X-18
2X-18 bottom

2XGrl

2XGr2

@@@

T 2XGr6

2X-1-18
X all OR

oy

2X TUL

22




AC

Synchronyzed OR
Grouping

AND/ OR
AND/ OR
ACIGr1
ACl-1top — O\ ACL-1 ACI1Gr1
AC1-1 bottom—
AC2Gr1 -
AC1-2top — AC1-2 ACGr1
AC1-2 bottom—| AC1Gr2 AC3Gr1
ACl-7top — AC1-7
AC1-7 bottom— -
AC1Gré6
ACI1Gr6
AC3-7 top AC3-7 AC2Gr6 -
AC3-7 bottom - ACGré6
AC3GI6  AC3Gr6
Synclonyzed OR
Grouping AND/ OR
AND/ OR
— WC1Gr1
WC1-1 top }WCl-l WC1Gr1 ei
WC1-1 bottom WE2Gr 7WCGrl
WC1-2 top WC1-2
WC1-2 bottom WC1Gr2
WC1-12 top WC1-12
WC1-12 bottom—
WC1Gr-6
WC1Gr6
WC2Gr6 " wcere

WC2-12 top

WC2-12
WC2-12 bottom
WC2Gr6

3.10:ACWC TUL

23



ENGE
hodoscope

HKS

detectors
3.11: TUL
andDelayGenertor 2
trigger

14l OR

=

Togaer
Tovisual scaler :

ENGE
——

HKS trigger

2l OR

-Start Start

GIG GIG

Stop Stop .

s == | -Prescaled:
‘circuit

Main trigger

1XGr6
2XGré -
ACGr6
WCGré

HTOF1X 2X unbiasedtrigger

prescale

24
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prescded unbiasel trigger

(3.5) HTOFLX 2X unbasedtrigger 2 GateGeneator
presale 3.11 2 GateGenerabr
ON W OFF

W UB trigger w W > 2w presalefacta fps

fps = — (3.5)

presale prescée facor

W + 2w

prescaler

event

U u
prescaled —_
event _l—l_

3.12:presaler 2 GateandDelay Generagr
unbiasedrigger presale

3.6 DAQ(Data acquisition) system

CODA(CEBAF On-lineDataAcquigtion) ADC, TDC
FASTBUSTDC ADC VME
CODA 3

1. ReadOut Controler(ROC)

2. EventBuilderEB) Event
Recode(ER)

25



3. EventRecodefER)

DAQ GUI
CEBAF EPICS
CODA 2-30 ASCI
ENGINE Hall C CODA, EPICS

ENGINE EPICS

26



CHj, 10118, 285

4.1
4.1.1
4.1
A
4.1.
taget thickness purity reacton
[mglcm?]  [%]
CH, 460 p(e,e'’K") ; (masscalibration)
6L 164  >99.9 6Li(e,e'K*)8 He
nat| | 189 92.5 "Li(e,e'’K*)" He
‘Be 188 100 ‘Be(e,e'K")?Li
10 114 99.9 10B(e,e'K*)1%Be
12¢ 100  98.9? 12¢(e,e'K")12B
283 65 99.9? 28Sj(e,e'K*)28Al
51y 59.6 99.7 51\/(e,e'K*)51Ti
89y 56 99.9 89y (e,e'K*+)89Sr
natpp 283 natual QF ratestudy
polyethylen 0.2g/cm? 10
) SvBYY  purity Goodellow
CH>
, p(e,e'’K")/
(
133C
6L, "Li
6Li(e,e'’K*)® He, "Li(e,e’K*)" He 6L eniiched

27
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‘Be
9Be(e,e'K")Li %Be
1OB

10B(e,e'K*)1%Be
enriched (

108,118

1ZC
12C(e,e'K")12B ( K%

128
E89-009

28si
288i(e,e'K+)28A| ZSSi,ZQSi,SOSi

enriched ( A

51V

SlV(e, e'K*)°ITi
S0y 51y 0.250%,99.3%

89Y

89y (e, e'K*)®9Sr

8%y 100%

Pb

Pb(e,e'K") K*

4.1.2

1.5cm 1.5cm

4.1.3

100mgcm?
(22mden?  °C 1.6 A)
enegy depo#t

E89-0® luminosty
[17]
4.2 100mdcn?,
100 m
(200 m(FWHM))

28

A )

100%

19.9%,80.%

12C
(e,e'’K")

92.23%,4.680,3.09%

50V,51V

4.1

30 A
100

30 A



Si Be CH, C BeO

lcm
H
4.1: 283, 9Be, CH,, 12C, empty BeO
4.2: 30 A, 100mgcn? [17]

tamget meltingpoint expecedtempraure

[K] [K]

HDPE 400 390- 432

Lithium 460 332- 352
Boron 2200 1175- 1945

Carbon 3650 390-432

Silicon 1700 401- 482

Vanadum 2390 900- 1164
Yttrium 1800 1052- 1337

YHDPE HardDensityPolyetyen HDPE 475ng/cn?
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FastRaster System

4.2 30 A CEBAF
2 Rastemg System(RS) RS(fastRS)
25m
fasRS 2
16.7kKHz 23kHz  sin [19] [20]
sin [19]
fastRS
4.3
4.3:fastRS [17]
rasterng sizgmn¥) | 0.1 0.1 0505 1.01.0 1515 20 2.0
uppe limitted
bean current( A) 0.67 2.83 5.1 8.5 12.75
475mdcn? 385K( 406K)
4.4mm 4.4mm 0.15A
15 15 5mni
( 4.2)
4.2
42 HallC
1 Dz,Ez 2

IPMHOOB, IPMHOOA)

3 BeamPositionMonitors (BPMs: IPMHOOA,

3 BeamCurrentMonitors (BCMs)

4.2.1 SLI(Synchrotron Light Interferometer)

SLI

[21], [22]

CCD
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v

ARCOVE ARC SECTION

T

INSIDE HALL C i
SQUID i
I

i

!
I
|
BCM2 i

nser 553 mum— ]
K}gcm j/E

erharp: C17A Superharp: CO7A

Splitter magnet

New BPM '
BPM: C17 BPM: CO7
< S harp: HOO . .
4 - uperharp \ Supernarp: C17B Superharp: CO7B
AN L BPM: HOOA
0 | ]
e Slow Raster Fast Raster Superharp: C12B Superharp: C12A
BPM: HOOB BPM: C12
Towards Superharp: HOOA
Hall C Beam Dump BCM3
— Target
4.2:HallC
dE=E<3 10°
EPICS [22]
4.2.2 BPM(Beam Position Monitor)
BPM 4
2
BPM
BPMs Superhgp scan
1.0mm [19], [20]
4.2.3 BCM(Beam Curr ent Monitor)
Hall C 3 BCM BCM
T Q/2Q T
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R= RT 5C 1.5%/degree [19]
BCM
BCM
BPM 2 EPICS CH» 15 A
RUN#572075724  run BCM1 BCM2 ( 43 )
BCM1 BCM2 ( 43 )
1.05 A 0.05 A
35 —1 2 RUN 57207-57224
ﬂ RUN 57207-57224 g
S 300 BCM (aver age) — BCM(1,2)
N1
o 250 s
O -
200 m
15¢ i
10q 0.9
50} L
- el OFf s 0.9 1 T.1 1.2
Current [ mA] BCM1[mA]
4.3: RUN57207 57224 IBCM1 2 () IBCM1
IBCM2 ()
285 8Be 12,1620 A (CH, run )
run(run#57250 57300) 4.4
(4.1) 2 BCM
4.5
BCM BCM
BCMeror [%] = IBClélCMave IBEMZ 100 (4.1)
RUN57207 57224 BCMerror
'083% BCMerror '25%
RUN57207 57224 1.98%
BCMerror 2.2%
BCM
BCM1,2
2.5%
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(%)) RUN 57250-57300

2700
Leoq

BCM (aver age)

4.4:RUN#5750
IBCM2

10 12

(

14 16

18 20 22

Current[mA]

57300
)

IBCM1

100¢+

events

800

600

400

200

4.5:RUN57207

RUN 57207-57224

(BCM1-BCM2)/ BCMave

57220( )

[%]

RUN57250
BCM
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N
()]

N
o

BCM2[mA]

I
o

70

events

400

300

200

100

RUN 57250-57300

- BCM(1,2)

E

600

500

50 25

BCM1[mA]

()

RUN 57250-57300

(BCM1-BCM2)/ BCMaye

57300( )

3[%]4

IBCM1

IBCM1

IBCM2



5 EO01-011 B&
EO1-01
ENGE HKS
(HKS sinde armruns) 3
HKS (HTOF1X,2X)
(3.4))
Ale,p/ "X GEANT
HKS
HKS
A 1.8GeV

(e.p/)

5.1 K™ trigger (HKS singlearm trigger) run

K* trigger run E
51.1
HTOF1X,2X prescéedunbias(préB) 3
DAQ
DAQ
preUB K* (

(K* e'K* trigger)

single armtrigger run
preUB

run preUB
TDC
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DAQ

TDC

HKS
HKS
K+

HKS

+

HKS

p/

NIM

HKS



52 p/ *
5.2.1 Time of Flight(T OF)

3 HKS TOF HTOF1X HTOF2X |=1.5m
K , 3.8
L
L= (5.1)
~ cos '
HTOF1LX 2X t
L I
= __— = 5.2
ct c tcos (®-2)
?? 285 HKS sinde armtrigger run preUB
p
: — region
@000 region I T1e egio I
L 28 o~ H
g [ S 250|250 %)1357 )
o | O
O g00 p T 13
I £
31.25 -
L c Eo.
600 |- Qi2r
I O1.15 |
a00 - 110
I 1.05
200 i 1
I d L HRD 0.95 |-
0 m‘ ! ! e 0.9 | | | 1

0.2 0.4 0.6 0.8 1 1.2 1.4 0.2 0.4 0.6 0.8 1 1.2

b
5.1: %8S () () 2.5
* TOF 0.5
2 beta bet
= 0782, ;=369 102 ;=101 , =414 102 2
+ K+
4 102 p * 28
1.2GeVc K* * 0.85
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5.2

L 2 2 2
2= = Loyt 5.3
ct L t ©-3)
L O
2 2
— t
4 102, 1,t 5nsec ¢ 140psec TOF
3.8 1.2GeVc * 1.32rsec
47 * 370mec 1.3
* TOF 2.8 cutregion
25 ( 5.1) * 0.1%
* (region 1) K*
+
5.2.2 TOF
51 TOF region I (protonregion)  11( * region)
[kHz] 4 100mgcm?
30 A normalize 5.2
NIM DAQ 2
presale
Q 4 BCM
run(#i) 2 presalefacor i, o, f\y (< 1) Q
i Q:os
X X . :
Q|Ios = Q f5AQf|\|uM (5.5)
i [
| Ncount
R
R = Ncount
=P | (5.6)
i st
N¢ Nin (6 luminosity
) normalize Y [a.u.]
Ncount
Y = 5.7
Nt Nin ( )
A 5.3
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5.1: TOF
gion(region 1)
[a.u.]
TOF *
—_
N
I
X
N
L
¢
o
5.2: TOF

cut region(region I)

+

[kHZz] luminosity
100mdcn?
tamget | region | (proton) region |l (pion)
R[kHz] | Y [a.u]| RI[kHz] |Y [a.u]
CH, 33.7 - 32.0 -
6L 26.3 14.0 18.1 9.63
‘Be 27.9 22.1 184 14.6
108 55.8 - 72.2 -
2c 24.5 26.0 | 17.5(19.0 | 18.6
28g;j 30.0 74.3 | 30.8(33.3 | 76.7
Sy 22.4 101 | 29.5(32.0 | 134
89y 20.2 159 | 35.3(38.H5 279
natpp | 55.8 - 233 -
0. <12 0.%<

80 |
70| . region I(proton)
60 I region Il(pion etc

: ®
50 |

: 1Oé 28, 5 89Y
20| %S v .

c “Be ’
a0 L c . )

r P ® [ ]

L [ J .

L ]
20 Py o,
0| CH_2
ol

10

mass number A

??
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cutre-

normalze

30 A

nomalize

<1.1(25 )



g 225 — wor
% : 400 [ )
£ =0 proton pion
r 350

175 [

150 — 800 ©

125 — 250

100 7 200 [

75 , W 150 [

50 — 100 [

25 ; u 50

0o,m‘l‘o‘mz‘dma‘omh‘dms‘o”‘é‘dw%ms‘om‘g‘d”ioo o(; mlo‘mz‘o”“3‘0‘”‘4‘0“"5‘0""e‘om‘7‘om‘8‘om‘9‘o”‘ioo

mass number A mass number A
5.3: * TOF
( A ) *
lOB natpb
AO:81 0:018( ) A1:245 010077( )
5.2.3 HKS /[~
6 6.1 z
5.4 55  28gj HKS TOF PID
HKS
GEANT ( 3.7)
+
* (< 100mrad) 1.1GeVc
5.6 12c
28g; ( B )

28gj, 12C * cut
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~03 —~03
© [ ©
T [ @
S r LS
N—r L N—r
o0.25 |- 5925
0.2 - 0.2
0.15 - 0.15
0.1 L 0.1
0.05 L 0.05
[ . . 0
0 P P 1 | I Y L Lo P S| L
09 09 1 105 11 115 12 125 13 135 14
nredROMENtUM (GeV/c)
5.4: 28S; TOF
03 03
© [ ©
© i ©
S S
N L N—r
025 - o925
0.2 - 0.2
015 015
0.1 L 0.1
0.05 L 0.05
r 0
0 P P | I L | I P S| L
09 095 1 105 11 115 12 125 13 135 14

5.5: 285

wreomentum (Gev/c)

TOF *

v b e b b b e b b by

1 15 2 25 3 3.5 4 4.5
hstheta vs hsphi(proton) f (rad

)5

1 1.5 2 25 3 35 4 4.5
hstheta vs hsphi(pion) f (rad

( ) 50mradl.1GeVc
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N

o

o
T

counts/10mrad

for]

o

o
T

600 }
400 }
200 }
O(; ‘0.‘05‘ - ‘0‘.1‘ - ‘0‘15‘ - ‘O‘.Z‘ - b.25 0.3
hstheta(pion) q (ra.d)
5.6:12C () 28si
524 TOF *
TOF * *
3.1 TOF
5.7
K+
+
2 (
+
HKS
30 A normaliz *
HKS

Carbon Silicon, Vanadum, Yttrium, Pb

counts/10mrad
(2] ~ (o]
g s 8
T T T

a1

o

o
T

300 |-
200 |-

100 [

() TOF *

K+
TOF *

0 [rad]

[kHz]
0.04rad
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0.05 0.1

0.15

0.2 0.25

03
hstheta(pion) q (rad)
12C 28Si
p
+
5.8 *
)
100mg/cn?,
5.7 Y [a.u.]
0.21ad
5.2 6Li, °Be, 1B
5.10



1000

counts

800

600

400

200

14

GeV/c

1.25

115

0.9

5.7:

2005/11,/29
b b b b b b b 1T
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 11 12 13
beta

2005/11,/29
o b b b b b b b P by
0.3 0.4 05 0.6 0.7 0.8 0.9 1 11 12 13

momzvszbeta

283i  run

08.59

1800

counts

1600
1400
1200
1000
800
600
400

200

08.59

13
1.25
1.2
115

11

0.9
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2005/11/29 08,59

g B ke e VPRI

masssquare

(GeV/cd)?

2005/11/29 08.59

msgzvszmom

(GAeV/cz)zs



counts

0.04rad
—»

Ll T L PP B v
0.15 0.2 0.25 0.3
alrad]
58: * 2
tamget region |1 (pion)
R [kHZz] Y [a.u.]
CH, 32.0 -
oL 18.1 9.63
‘Be 18.4 14.6
108 72.2 -
*[kHz] €"[kHz] | *[a.u] € [a.ul]
2c 116 04 17 02|17 04 18 021
osi| 25t satly estit 14y
Slv | 24*37  53*31 | 110%1 24*Y
8y |22*91 141> | 170%[2  110*1%0
natpph | 95*33  130*35 | 1700°%0, 2300*55)
5.2: 2 *
R [kHz] Y [a.u.] 100mgcm? 30 A
normalize TOF  * 0.%< <12

0.< <1.1(25 )
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* 5.3
5.9 z? 1
(Y=680 0062 10272 + A
(Y =27 02 A0293 02017)
S 250 F =)
.E I o 160 -
> pion N > o .
200 Y positron
7 120 - 89Y |
150 5:LV 100
100 ;
I *Si
50 j 12C
| ]
00" 10 20 30 40 50 60 70 80 90 100 0 03200 400 600 800 1000 1200 1400 1600 1800 2000
mass number A z?
5.9: pi* / Y( 5.7)
A ZZ 1ZC ZBSi 51V 89Y
A ( =0.93 0.09 Z2 ( )
K+
TOF * K*
K* TOF
1.2GeVic * K* 0.85 TOF *
2.5 K* 80% *
K+
(AC, WC) (TOF) n.p.e( ) K*
K+ +
3 K*
preUB K* HKS singletrigger K*
283 HKS singe armrun run
cut C
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D 400 32 5 O :'. [} 400

0
+ Entries 14345 i Entries 8134
[ Mean 0.1140 [ 4 Mean  D.8928E-01
5350 n RMS _ D.4343E-01 S i RMS  0.4674E-01
UDFLW 0.000 UDFLW 0.000
(@] ovFLW 2433. (@) OvFLW 2322.
O X/ndi58.88 / 46 02 0 O 7 /ndl 58. 7
300 . Rt Pl 3558+ 25,59 P1 4348+ 90.27
s : P2 544901 £ 0.2646E-02 Pz 4228E-01 | 0.4855E-02
P3 32052 5.334 P3 M6+ 4.394
. 5 P 0.1349 +| 0.8444E-03 P4 0.1310+ 0.3371E-02
250 \ : PS5 .2902E-01 | 0.6551E-03 Ps .5120E-01 +! 0.2135E-02

(N R

150 R BL 100

100 ] IRV
]\1 50 i
I SR A

0 Lot b ! 0 o d
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3

q(rad) q(rad)

ZSSi

0 D 700 " H D 200
- 70 Entres 622 - H Entries 1253
c M 19452601 c 70 ¢ Menm ™~ 0:83 14E=01
S RMS .4647E-01 S j RMS 14518E-01
UDFLW 0.000 g UDFLW 0.000
(@] OVFLW 224.0 (@] OVFLW 501.0
60 e S :

&) P1 1413+ 49.83 o 60 P1 1447 & 94.52

P2 . 3666E-01 % 0.6232E-02 P2 |3805E-01 i 0.1135E-01

P3 25624 2.587 P3 10.15% 2.046

50 Pa. 0.1274.41.0.6133E~ 50 P4 0.1272 4 0.2284E-01

V PS5 .2942E-01 % 0.4395E-02 N P5 .3344E-01 +; 0.1486E-01

40 kﬂ 51V 40 ] | 89Y

10 \tﬂ 10
2

0 0.05 0.1 0.15 0.2 0.25 0.3 000,05 0.1 0.15 0.2 025 0.3
g(rad) g(rad)

0

700
"—"1 00 Entries 404
c Mean  D.6941E-01
S i RMS  D.4242E-01
: UDFLW 0.000
@) \ OvELW 198.0
o 8 0 nd1.9.420. 11

Pl 2046+ 40.89

P2 .34126-01 4| 02383E-02

P3 4171+ 1.052

P4 0.1512 %] 0.1170E-01

Ps .371BE-01 £ 0.1582E-01

L
20 | XL
TN

0 005 0.1 015 0.2 025 0.3
g(rad)

5.10:TOF * 2
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5.2.4 run#®814  28Sjrun

hks59814.rzdat

2005/11/07 16.55

K* 3
run C

2005/11/07 16.55

../Si28zsingle/hks5981 4.rzdat

D 10 D "
Entries 76811 Entries 13626
2500 = Mean 0.8580 r Mean 0.9098
RMS 01215 400 0,8733E-01
UDFLW 0.000 0.000
DVFLW 0.000 0.000
X/ndR248. / 131 350 - ndf4458 / 168
P1 2269. + 15.11 197.0+ 3.518
2000 0.7829 + 0.2069E-03 0.8079 + 0.1047E-02
0.3784E-01 + 0.2106E-03 0.4611E-01+ 0.7231E-03
407.7 £ 10.66 300 2472+ 11.69
09047 + 0.9831E-03 09154+ D0.111BE-02
0.2407E-01 %+ 0.7715E-03 0.2220E-01 + 0.1029E-02
1431, £ 12.79 3385+ 6.286
1500 0.9890 + 0.4070E-03 250 0.9849 + 0.1404E-02
0.3490E-01 + 0.4063E-03 0.3460E-01 + 0.1065E-02
200
1000
150 —
100
500
50
0 il B AL b b b N | L Ll ! | donin
0.4 0.5 0.6 Q.7 0.8 0.8 1.3 1.4 0.4 . 1.3 1.4
beta beta
511 3 HKS singe armkaontrigger
28q; + +
Si run cut K
30 A normlize
+ +
K 1%
- " - -
runnumber| region | (proton)[kHz] K™ [Hz] regionll (pion)

57256
5726
50081
59449
59584
59814

18.7
18.6
19.1
19.7
195
20.2

160 109 18.4
120 19.2 19.0
92 11 22.5
69 9.0 20.9
66 7.9 20.0
84 8.1 20.7

5.3: 28G;j run

K+
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5.3 HKS

HKS tKY
5.4 30 A
normalize

taget || p[kHz] | K* [kHz] | * [kHZ] | € [kHz]
CH, 34 - 32

6L 26 - 18

‘Be 28 - 18

10 (56) - (73)

12c 25 - 16 1.7
28g;j 30 0.09 25 5.4
Sly 22 - 24 5.3
89y 20 - 22 14
natpp || (56) - (95) (130

5.4: HKS 30 A
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6 Ale,p/ "X i\

6.1 A(e,p/ "X

(e.e'p/ )
d4
ded—pd!dEp = M(VLRL + vrRr + viTR_T COS pt vrTRrT COS2 p)
o (e€) q /[ *
R qg!, pgf q /
) Eo( /7 ) e,/ 7)
! Mott
VT ViT VL VL
(e.p/ ¥)
P Z Z
TS MRr(e=0) d evr(e+Rrr(e=0) d evrrcos2 p
pYEp
R ! (e,p/ *)
4 0
e O [+ 6.1

6.1:(e,p *)
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6.1.1 EPC(Electro Production Code)

EPC[24] (e,N) (e, )
J.S.0O'Connell  J.W. Lightbody,Jr

0.5-5GeV (e,N) 2 50MeV
factor2
3 1)
(2) (3)
6.1.2 A(e, p)X
12C(e,p) 2 12¢c
460  800MeV
EPC [25]
17.0 6.2
EPC
6.2: Ee=800MeV ,=17 12C(e,p)
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300- 1000MeV/c

800MeV

420MeV

[25]

EPC



6.2

p
geometicale cieny w(p; ; ) HKS
; )=w(p; 5 )d (; )d
Prks(P)  hks( 5 ) =wW(p; ;) '( )dp 6.3)
=w(p; ; )sindd dp
Nob(pn ) ) Nin
N¢ HKS cute ciency hks: cut
2
d2 Nob
—(p; ; )= 6.4
d dp(p ) NinNt  hks cut  hks( 5 ) Prks(P) (6.4)
6.2.1 HKS (geometricale ciency)
p, , bin p, , GEANT3
p pt p + + Ngenente:
Naccept p. (geometical e cierncy)
(6.5)
ZowpZ s Z,
W(p; ; )= w(p; ; )dpd d = NaceeptNgererate (6.5)
p
bin HKS
Hks(P; 3 ) =W(p; ; )sin (6.6)
p bin p = 25MeVic bin = 50 mrad( 50, 100, 150, 200, 250
mrad) bin =2 rad 0 30 360
0-1.85GeVic (6.5),(6.6)
HKS d nks(p; ;)
p, . bin ( msr) 6.2.1

6.3
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6.1: Geant3

d nks(p; ;)

p, p , HKS
p[GeVe]/ [mrad] || 50mrad| 100mrad | 150mrad | 200mrad | 250mrad
(25-75 | (75-125) | (125175) | (175-225 | (225-2Z/5)
0.900.925 0. 0. 0. 0. 0.
0.9250.95 0. 0. 0. 0. 0.
0.950.975 0. 0. 0. 0. 0.
0.9751.0 0. 0. 0.353 0. 0.
1.0-1.@5 0. 0.176 1.91 0. 0.
1.0251.05 0. 2.21 3.14 0. 0.
1.0541.075 0.147 5.22 4.06 0. 0.
1.0751.1 1.78 8.45 5.68 0. 0.
1.1-1.25 2.15 6.46 5.88 0.108 0.
1.1251.15 1.84 5.64 6.23 0.404 0.
1.154.175 1.58 6.87 5.82 0.622 0.
1.1751.2 1.52 5.17 7.00 0.993 0.
1.2-1.25 1.32 4.84 7.23 1.16 0.
1.2251.25 1.14 4.72 8.17 1.33 0.
1.2541.275 0.981 4.35 8.21 1.76 0.
1.2751.3 0.822 4.22 8.35 2.00 0.
1.3-1.25 0.450 3.69 8.04 2.39 0.
1.3251.35 0.323 2.77 7.25 2.73 0.
1.3541.375 0. 0. 0.859 0.255 0.
1.3751.4 0. 0. 0. 0. 0.
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msr/25MeV/c

msr/25MeV/c

3T g= 25-75mrad

5 proton
25 r

o

05 "

HiH

0

0.9 ‘O.‘95‘ ‘1 ‘1.‘05‘ 111 ‘l.‘15‘ li2 ‘1.‘25‘ 1‘.3 ‘l.‘35‘ 1.4
momentum (GeV/c)

12 -
i g= 125-175mrad
10 - proton
8 B *}{$}{4
{$} i
°r SE
4 - HiH
HEH
2 - -

r -
07\\\}71\\\\\\\\\\\\\\\
09 095 1 105 1.1 115 12 125 13 135 14

momentum (GeV/c)
6.3: GEANT3

225mrad 50mrad

(&] F
S 12
o | g= 75-125mrad
% 0l proton
8
5 ¥
°f HiH - i
L
4+ e 4
HIH
HEH
o L [z 3l
N

0.9 ‘0.‘95‘ {Hl.BS‘ 1il ‘1.‘15‘ 112 ‘l.‘25‘ liS ‘1.‘35‘ 1.4
momentum (GeV/c)

g= 175-225mrad
proton

msr/25MeV/c

-

15 F

05 F
L -

L | L™ .
09 095 1 105 1.1 1.15 1.2 125 13 1.35 14

momentum (GeV/c)

= 25mral
[mrad25MeV/c]
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6.2.2 e ciency

€ Cienq/( hks» cut)

DAQe ciency: pag

DAQ
6.4 HKSarmsinglerun DAQe ciercy 95% 100% DAQ
e ciercy run

- L
o |
100 %3 T e
> L ¥
O 95~ v
GC) |
vy
‘S 90 1 CH,
= . L OL
D 85¢
o | 108
< 80} v 120
D |
75} « 285
70; . . 8%y
I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ nnath
57000 58000 59000 60000 61000
run number
6.4:DAQe ciercy
cute ciency: ¢y
* 2.5
cut 98.8% cut
e ciercy
tracking e ciency: ack
HDC HDC tracking

tracknge ciercy 100%
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" decayfactor : f gecay

Ndetect
M+ X
N = Ngene&Xp( ———
detect gene p( P+ C )
Ngene * X *
2.603 10 ®sec(c =7.806m) 10m
1.2GeVc (6.7)
decay = Ndetea=Ngene 0:86
p 6.2 e ciercy
6.2 e ciercy
meanngs fadors estimate values[%]
hks
DAQe cieny DAQ 98 %
tradkinge ciency track 100%
cut
protoncute cieng peut 99%
pion cute ciercy cut 99%
pion decayfactor f decay 86%(1.2GeVc)
DAQe cieng * run

6.2.3 luminosity
[mg/cn¥]

prescée

ma[g/mol] Avogado Na = 6.02 10°3[mol 1]

Nt
Ni= =ma 10° Na [cm ?]
Nin eE 1p602 10 °[Cc 1) 5
i Q:os
X
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=] . .
i Qi féAQ f|\|]||\/| N, Nin
6.3
6.3:
taget thickness atomicmass N; 'r'iQifl‘DAQf,‘\“M Nin N; Nin
[mg/cn?] [9/mol] [cm 2] [ C] [nb 1]
6Lj 164 6 1.65 1022 3.10 1.94 10*% 318
‘Be 1893 9.01 1.264 10?2 23.9 1.49 10 1886
10 114 10 6.86 1021 0.0160 1.00 101 0.687
12¢ 1017 12 5.10 102 24.2 151 104 771
28g;j 65 28 1.40 10% 12.2 7.60 103 106
Sly 59.6 50.94 7.04 1020 1.06 6.60 102 4.65
89y 56 88.9 3.79 100 1.90 1.18 10 4.49
6.2.4
(statisticserror)
HKS +
TOF 65 6.6 bin
1OB,nath
(sysematicerror)
6.4 ( A )
)
+ ( ) K+ l% +
6.4

0
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6.3

6.4:

6.3.1 A(e,p/ )X

TOF

Nin (BeamCurrentmeasuement) . 2%

N; (Taget Thicknessmeasuement)
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°Be 0.5%
10 3.3%
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It 6.4
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trackinge ciercy 100%
5 +
e M
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6.14: 5Li, °Be, 12C, 28S;j EPC EPC
normelize 4
( 25->mrad
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EPC
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EO1-011

20 CYRIC 2004 ,20
EO1-0L1

28g;j KEK
KEK

2005

18 2
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1011g 28gj 19.8%,80.2%,92.23%
Al
A.l.1 0l
lOB,llB
30MPa
Boron =1.6gcm®
70% Boron
( (BN)) 40MPa
(2.34/cm®)  95%
1-2mm 50mgcny?
0,23mm( 0.01-0.02
Al 108 () B
lOB
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enrich
Boron, Silicon

[17] 10mm

1400
(2.34dcm®) 60

1920
10mm

Al



A.1: 108

C gem® JgK cmP/lsec  W/mK
25 216 1.097 0.073®% 17.44
300 2.16 1987 0.02% 10.16

Al2 28Sj

A2 2cm enriched?8Si
28g;j 24
28g; Si Si
Si
28Si
(mg/cn?)
28g; A.3

A.2: 28gj

69



A.3: 283 65mgcm? () 48mgem?
65mgcn?

A.2
A.2.1 B,Si
1011p 28g;
LC2420 327.6 m
10 30
( 10mm)
1 13200
( )
P—
( 1 13200
(A.1) ( A4

= Omaxmin  Jave

Omax; dmin; dave
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A.2.1 EO1-01L
No.A

A.2; 1011B, 285;

10 No.1

No.2

tamget | average[mm] | [ 10 2mm] | [ 10 Zmm]
1OB
No.1 0.259 +0.67%-1.03 0.413
No.2 0.270 +2.14-1.20 0.868
No.3 0.248 +1.03-1.39 0.618
No.4 0.264 +2.13-1.07 0.703
1lB
No.1 0.248 +1.32-0.907 1.10
No.2 0.253 +1.21-0.935 0.759
No.3 0.246 +1.34-2.18 0.884
No.4 0.252 +2.57-1.33 1.01
288i
No.A(65mgdcn?) 0.524 +0.647-0.353 0.290
No.B(48mgcn?) 0.375 +0.681-1.20 0.482
A.2.2 CH,
CH,
1.2
C:H=1:2
120 200
CH,
1011g 28g;
15mm
A3 A4
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A.4:

A.3:

tamget average[mm] [mm] [mm]
polyethylene(3mnh) 2.88 +0.09-0.06 | 0.048
2.94 +0.06-0.06 | 0.03®
polyethylene(5mnd) 4.94 +0.10-0.10 | 0.04&7
4.95 +0.05-0.04 | 0.01a
4.97 +0.23-0.06 | 0.047%4
polyethylene(7mnh) 7.04 +0.03-0.03 | 0.016l
6.98 +0.17-0.06 | 0.04®
tage densty[g/cm®] | thickness[mm] purity[%] sizdmm]
CHa(3mm) 0.92-095 2.89 5.2% - 15 15
2.94 3.9% -
CHy(5mm) 4.94 4.7% - 15 15
495 1.8% -
4.97 5.8% -
CHa(7mm) 7.04 8.5% - 15 15
6.98 2.4% -
6L 0.46 3.56 >99.9 15 15
Li(natural) 0.54 3.50 92.41 15 15
‘Be 1.848 1.007 0.005 100 15 15
10B No.1 2.16 0.259 3.3% 99.9? 10
No.2 0.270 6.2% 99.9?
No.3 0.248 4.9% 99.9?
No.4 0.264 12% 99.9?
118 No.1 2.16? 0.248 4.5% 99.9? 10
No.2 0.253 4.2% 99.9?
No.3 0.246 7.2% 99.9?
No.4 0.252 7.7% 99.9?
12C(natual) 2.25 0.4% 0.005 98.B% 15 15
28SiNo.A ? 0.524 1.7% 99.9? 15.4
No.B ? 0.375 5.0% | 99.9?(Rusian)
No.C ? 0.608 3.4% 99.9?
Sy 5.96 0.1 99.7 15 15
89y 4.478 0.125 10% 99.9 15 15
B,Si [mm]
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counts/50mrad
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288i

C

K+

HKS singlearmrun ~ K*

C.1:3

K+

run#

AC Npe WC Npe

57256

ACl<8 AC2<15 AC3<14

WC1> 30

wWC2> 30

57R6

ACl<8 AC2<15 AC3<14

WC1> 30

wWC2> 30

59(1

AC1< 10

AC2< 15

AC3< 10

WC1> 21

WC2> 21

59449

AC1< 10

AC2< 15

AC3< 10

WC1> 21

WC2> 21

59584

AC1< 10

AC2< 15

AC3< 10

WC1> 21

WC2> 21

59814

AC1< 10

AC2< 15

AC3< 10

WC1> 21

WC2> 21
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D HKS singlerun BR

D.1 CH,
CH, HKS singletriggerrun D.1
D.1: CH,; HKS singlerun  triger beam
totd chage current DAQ
runnumber trigger [ C] (average) pregalefacta prescée facor

[ Al (ps9

5744 HKS 6508 1.22 187.4 7

57443 HKS 6163 1.42 187.4 7

5744 HKS 620.15 1.42 187.6 7

57446 HKS 6293 1.24 187.6 7

5744% HKS 616.19 1.37 187.9 7

57447 HKS 620.42 1.42 187.6 7

D.2 SLi
Li  HKSsinde triggerrun D.2
D.2:5Li HKS singlerun triger beam
totd chage current DAQ
runnumber trigger [ C] (average) pregalefacta prescée facor

[ Al (ps9

6023 HKS 1408&.0 21.4 570 15

60804 HKS 1687%.6 20.6 580.6 20
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D.3 12C

12C HKS singde triggerrun D.3
D.3: 2C HKSsinderun triger beam
totd chage current DAQ
runnumber trigger [ C] (avergge) presalefacta prescée facor
[ Al (ps9
571&% HKS 2238.109 29.6 197.3 17
5718 HKS 24A.580 29.2 197.0 17
57187 HKS 11209.62 23.2 196.6 20
5718 HKS 11134.82 28.4 196.8 20
571D HKS 152248 17.4 194.1 10
5719 HKS 7226.343 15.1 193.8 10
571@ HKS 5.4775 1.56 187.5 10
57198 HKS 713548 16.7 193.5 10
5868 HKS 12017.85 24.9 570 15
5868 HKS 7534.002 24.8 570 120
5950 HKS 13171.26 26.0 570 10
5987 HKS 6426.324 5.68 570 3
59875 HKS 377251 12.9 570 5
D.4 28Sj
2835j  HKS singletrigger run D.4
run 1Yy RUN#57949 5793
D.5 5lv
Sy HKS singde triggerrun D.5
run
D.6 %Y
89y HKS sinde triggerrun D.6

run
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D.4: ?8SiHKS singlerun  triger beam

totalchage curent DAQ
runnumbe  trigger [ C] (average) presalefacior pregalefactor
[ Al (psd)
57252 HKS 3967.67 10.3 1945 10
57253 HKS 3990.Z79 10.8 194.6 10
57254 HKS 758.2615 15.3 1976 10
57255 HKS 948913 14.5 3781 10
57256 HKS 4470.7.8 14.5 3795 10
57926 HKS 4834.88 11.4 570 20
57949 1X1Y2X  602.4®%5 12.2 570 150
57950 1X1Y2X  6955.47 11.1 570 200
59030 HKS 440233 11.7 570 15
59031 HKS 9976.649 11.3 570 15
59449 HKS 7783.04 11.9 570 10
59584 HKS 8029.88 12.1 570 10
59812 HKS 149.135 9.62 570 60
59814 HKS 6093.682 8.94 570 6
D.5: %V HKS singlerun  triger beam
totd chage current DAQ
runnumber trigger [ C] (average) pregalefacta prescée facor
[ Al (ps9
60170 HKS 844135 13.5 570 14
D.6: 8% HKS singlerun triger beam
totd chage current DAQ
runnumber trigger [ C] (average) pregalefacta prescée facor
[ Al (ps9
6008) HKS 7106.3 9.99 570 12
6019 HKS 5865.2 9.62 570 12
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D.7 Pb

Pb  HKS sinde triggerrun D.7
run
D.7: PbHKS singlerun  triger beam
totd chage current DAQ
runnumber trigger [ C] (avergge) presalefacta prescée facor
[ Al (ps9
61013 HKS 314.95 0.43 581.2 23
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E targa

E.1 CH»
CH;
H>
E.1 CH, missingmass
E.2 CH,
[county C]

80

H

([countd M trig])  run
FastRaster 2

HKS ENGE
E.3 CH, run



new target

A

E.1:CH, Lambdh FastRaster 2
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E.3: CH2

rate (counts/uC)

rate (counts/uC)

rate (counts/uC)

1/100

Run56®7

2005/11/23 00.37

5000
2
1500 |- ENGE(X 10%)
b HKS
4000 - HKS unbiased
3500 | .
A SR vy YYYTYYYYY ¥ wyiv ¥
3000 |
L" ] ——
2500 | -
L [] =" Junn
5
2000 " o — -
[ b
1500
[ prescaler unstable  TUL tuning
1000 <~
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[ v
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0 . | n 1
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