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Physics Motivation



Vector Meson, ¢
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Vector Meson, ¢
J.D.Jackson, Nuovo Cimento 34, 1644 (1964).
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¢ Puzzle
BB R TOOEIEKDRRIMS L EARDOEIZLST,

O /KK D ARIRIEAEAL T D TIEIELA?

®theoretical predictions

— D.Lissauer and V.Shuryak, PLB253,15(1991).
- P.-Z. Bi and J.Rafelski, PLB262,485(1991).

— J.P.Blaziot and R.M.Galain, PLB271,32(1991).

— eftc.

I*(¢=2KK)/ (g2 D1Em
I*(¢=2KK)I (g2 DM

I*(¢2KK)/I*(¢2) s

ONA49/NASO@CERN-SPS

— PLB491,59(2000).; PLB555,147(2003).;

J.Phys,G27,355(2001).

— d>K*K/u*w, 158AGeV Pb+Pb
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¢ Meson Measurements

Hot Matter £ - P i
® CERES(NA45)@CERN-SPS R m—
— PRL96,152301(2006). £ CERES
— p—>ete/K*K-, 158AGeV Pb+Au fg T )
— production CS’s are consistent = ]
O®PHENIX@BNL-RHIC
— EPJ,A31,836(2007). PRL96,152301(2006).
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KEK-PS E325 Experiment

Hodoscope

Measurements
12GeV p+A->p,m,0+X 2 Aerogel
e%yK*KﬂPF?ZEEﬁ?ﬁ Cherenkov

RFZANTRERT SEEN
RELV2GeV/CIEEDEL

N Z—mhfEFZ 8 E

Forward LG Calorimeter

Side LG Calorimeter

Rear LG Calorimeter

Rear Gas Cherenkov

p/o>e*e : PRL, C96, 092301 (2006).
¢>e*e”  : PRL 98, 042501 (2007).
o,0>e*e-a : PR, C74, 025201 (2006).
¢>ere K*K- o : PRL 98, 152302(2007).

Front Gas Cherenkov




Winston funnel

i‘& /

H S
IS particle
I S
103 — Reflection Mirror
n=1.034 -:=,__ A
g

«12.5cm Aerogél
5 inch PMT (H6527)

To trigger kaons,
AC (n=1.034) was used
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Kaon ID (Cont’d)

momentum dist.
120 _— K+(C)

kaon ID cut

v'position matching in TOF counters
v'without hits in AC

v TOF cut

v'mass square cut

v'momentum < 1.9GeV/c

v'K* and K- in one arm

0 0.5 1 1.5 7
- (GeV/c)
® TOF resolution ~ 400ps 3 -
®kaon purity (%) : A
K*:93.4 +/- 3.4 +/- 0.6 3
K-:91.7 +/- 3.7 +/- 0.5
K*K-:85.6 +/-4.7 +/- 0.7 |
eKaon ID efficiency (%) |/ +charge I © |/ -charge

(I)e K+K- 87% ~ squared-mass [(GeV/c)?]
mass square vs. momentum (w/ AC veto)

squared-mass [(GeV/c2)2]
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¢»2>K*K Invariant Mass Spectra

@2001 run data
®C & Cu targets

@®acceptance u ncorrected

®fit with

— simulated mass shape of ¢
— combinatorial background
obtained by the event mixing

method
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-> examine the mass shape as a function of By
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Fitting Results of $2K'K"
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Kinematical Distributions of observed ¢
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I'y5>k+k/Tp>0+e- and Nuclear Mass-Number
Dependence a

o K Z/isysterr.[ZkY. ete-/K+K-Dficross-sectionDELMI R D50
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Results of Nuclear Mass-Number Dependence a

rapidity
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E325EER T KKt HITE ) REIRE /R

Dete K KTTFIRTIAMKERLS
>event-patternDBRIZHED RIBFY!

double-arm eventZ#EANIXZ D HT1=Y

O ik gtlie A A
SKK-triggerOEDORMEFY!
1st-level: 58k/spill > 1/50 pre-scale = 0.8k/spill > 2"d-level: 0.5k/spill

AC-veto & matrix-coincidence Kaon-mass trigger

RIZRIZ[E2x108 event® KK-trigger (~1 month, ee/KK-tirgger)
=2 ~5kDK*K [ ~1.3kD > K*K"

E16RERICTNoDEEEZRRT HSBHENHS!!
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Forward Kaon Spectrometer

L G & HBD 0) Fﬂﬁ 0) ﬁl, \X/{—Z (let) (very forward)
(~10cm)IZES AN B DA BELS

AC(n=1.034) w/ SIAPD or fine-mesh PMT
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&
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¢=2e*e/K*K acceptance

@ Simple Monte-Carlo Study
®30GeV/c proton + Copper
®w/0 detector effects, kaon decay

8 ceigme® o ' 1
+45 _23*90 )
Ly + DK |  4ELm2
¢>e'e S>KHK
45
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d>ete/K*K acceptance (Cont’d)

[accepted(double-arm) rapidity(CM) | |accepted(doub|e-arm) P |
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Aerogel Cherenkov Counter

®E325L L. n=1.034% % F
®ACE#A: ~3cm--.SIAPD, ~10cm—>PMT a5
®60x60cm% T EE M K31Z10x253 El o
6cm
g 1 01; 1500 monfeﬂgfum [MeVic]
o
9] £100F —7
2= index=1.034 <
i ¢ integration range : —p
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SIAPD (S8664) or fine-mesh PMT m—
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L R T
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KK-trigger

Trigger Scheme

® GEM-trackerd 2 Dhit{FERE .

AC/TOF Tmatrixz#{

02D Mt 3 TKEEXK
—>reduction of miss-trigger

® (ee-triggerlXEARdouble-arm)

point
>ENTEITBGE %R EEHM?
»>2nd_levelZ FALVELNT BELY
KK-triggerz {EL5h\?

EMonte-CarloZ UL\ - =/
HstudyzigH1=EmY,
mKK-trigger(XELLVAY, E325

ERILANILD¥)(trigger, HEET) T
L7 TEADHEICKY %
LUV EEIEFHE 5!

/" Background

slow-pion&fast-pionD A SHHE
BET ACHBLLELKERRT D

fake-
kaon
#%{ TOF
AC
slow- fast-
pion pion
W GEM

] target

&5 BAproton E500MeVic L FD

\ pion /[d##(ZBG! /
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Summary

0J-PARC E16ZEERIIBBEREFREREETIZEITLAHHEFEE~D%

MENRERLET HHHITITHhNSD,

OE16M FITERERTHSKEK PS-E325TlE. ¢2ete /K K TEDTY
IRV ANKELE G102, BERFREEETTO/AX)L”
BREAMNTEUNER/AICEEF ST,

OE16ZEERICHTT=ICKIK AR FAA—A—Z 4 #AAH . p2ete /K K

DTF2TRREEHAT=

T, 5IEHMEERRFEZEET TN

INZIV'DERZEIT,

=

O 5L TL\HEREE

ZIZHEWLTIE

>IFAT VRGBT ON A TS
>FED BLIKK--trigger B 5

D2HIZHFKH-T

=

REEDHTL,
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KK-trigger Scheme

@ TOF(r=120cm)IZhith®FY . ERID
ACIZhithV LN — %1 T
@ GEM-tracker2Z B (r=40cm,#& A 7] JAM (nuclear cascade code)
12105 E)) DhitA$EL . ZDhit- =AW=
segment® Zdiffa k& % 30GeV/c p+Cu reaction
® ;)Ogtgdiﬁa)ﬁ%' SECECEE N T, 4x103Mevent rejection-

=3
@ 2-sectionTLLEDNItZFERL., &5 pOWEGr.’EﬁEm , : .
R eyt ol 2 10° interaction'C4x10

+2 trigger
1 ) 10 |\:!Dep;ed position p1 mom vs. 2-4 [degree) neigﬂbo-sidel (et (very forward) (eight
'_|1.3
TOF (S
S
AC D14

-}
B ® diff=1 kaon E"-B
—charge [candidate E"j -

0.2

®2-section Tkaon-candidate
o+/-AHAH_EL

GEM2

AL AL l. ™ .| AL a
92I] 15 1[ 1I] 1' 20

diff (TOF GEI\/I2) [deq]
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Discussion on I'yyg.x. and T 5.
FRIEIEDZEED LRZTEL

2ODFEEFHNVTLERERD TLC

A) r KK El e DEMEPTEIETSHE, AADELET D
Hﬁiifllab\’ﬂtLT*&%@Aa@’Wt’&nJr%iL T—4
(Aoc 0.14+/-0.12) LI T D EITRY T 51k T* 5000 D LR E

RDEHZEMNHFED

B) ete DT —AMNTRERI DL, BMEHDTI MM BZHEPREF
0)I:—ﬁd)ZEﬁlll_excessb\Ez.éli’d’f&é

KIK-ARILS LExete fiTER

RIZEEMT T B EIZLYexcessD

O LREZHL. [0 ERERDHENEED

HEHEE

10 /22 /& & TDbroadening
(Klingl, Kaiser & Weise 7Z<&)
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Discussion on I'yyg.x. and T 5.

O N THEIRIBFEEICLAILTELT o £
B ERTE

F;/Fg =1+ Kot (,0/,00)1 15
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— 0.05

100 o
F¢—)e+e_ /r¢—)e+e_ o 1+ (e (p/po) _iN - 1-0.05
A e Ok
o< IL 22 RS b = o o
OF DEALEAT, 5y EZLNERTE N s R
k ~k £ Ol bdfo' -0.15
tot '“K 0 B .
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BOEEE (MRS T T<OLSEERL ESI2) /— 54
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K=/K*

™

Kaon Re-scattering from KaoS Results

J.Phys. G27 (2001) 275.

aoS experiment at SIS/GS

C+C, Ni+Ni, Au+Au, 1.5A GeV

0.03

0.01

0.00

h

100

200

300 400
A+A /

K-Mabsorption-ratiolX R F#D KEE(Z
FHOTEBBHIETHDIZ, datalXIFIZ—FE
D1E!

(mean free path of K- = 1.5fm)

geometrical-modellZ& 5 &, AulXCIZEE
N LKN2Yr(Y=A,2)F10fE L1 EREL

. =

£ L. K-Meffective-massh/NELtE b &,
kit Dprocessldsuppressei b

. =

DFEY. ZYWEIRICL->T K Deffective-
masshVNELIE o= FER”
>K- productionhtenhance
>K-absorptionhisuppress

SNTWSEZEZBND



Kaon Absorptlon / Rescattering from JAM Study

12C

invariant mass [GeV/c?]

invariant mass [GeV/c?]

No detector effects

—all
— w/ rescattering before
— w/ rescattering after

[K* or K- absorbed] / [all $=>K*K"]
2C 1 1.4%
53Cu :: 4.2%

[K* or K- rescattered] / [all $=>K*K"]
2C 1 1.3%
53Cu :: 1.5%

®small effect on the mass shape

®small effect on a (6a=-0.02)
31



1.5+

0.5F

Consistency Check for a

@®)>e'e

O¢p>K*K-

*¢>ete PRC,74,025201(2006).
¥ p>ete (JAM)

* p>KK- (JAM)

P feo ot
+ s Ll 1J_.% -
By rapidity . PT
5 : Bff;i 0 : 5 rapiditf % 0.5 1 1.5 pTz



Inside-Nucleus Decay (=at p/p,>0.5)
Probability for ¢

w/o detector acceptance

¢2>K*K- ¢>ete
e X1 e x11
| C Cu C Cu C Cu
X1 0.01 0.03 0.01 0.03
X11 0.08 0.21 0.01 0.03 0.08 0.21
X21 0.14 0.33 0.01 0.03 0.08 0.21
x41 0.22 0.46 0.01 0.03 0.08 0.21
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Ao for Mass-Shifted ¢
J.D.Jackson, Nuovo Cimengo 34,1644 (1964).
M EAE LR '\
/T, =(a/g,) (my/m’)
q=m?/4—m}
o = y/M; /4—mg

1050 2
KKKKK my, mass [MeV/c]

e m*/m, =1-0.034(p/p,)

from ¢—>e*e, PRL,98,042501(2007).

® MALTILEVNERE Aa = -0.02
® (-mass=BW [K-acceptance]
TR DZABREN

mod. mass<2m, D &EE ., ¢>KKH
¢ suppresséhééﬂii ¢ B8, INSTG{E

34



Acceptance Correction for a

315k 315K
e By By
53
1+ @K}‘%ﬂ 1
e s exfrapolate a5 e.e-
057 e e'e 0.5 for the kaon
+i- +10-
Lo N L acceptance
0 2 4 B'Y 0 2 4 B’Y

assumption : a5 IS linearly
dependent on the y-p; planein ‘ ‘

our detector acceptance
__values of _.__divide e*e- fit the data with
«t mean & RMS .} data into 3x3

-} for each bin I bins in the . ;;_;-;:::ff}';ﬂffff::fé;g_i}}}-_f; RN L
1 ‘H-+ ::> T Y-Pt plane

.............................

Pt

rapidity { t rapiiﬁdityl



ol 1n overlapped acceptance

events

60 ee 75 |
— K'K
40 _r+ 50 -
20 Hﬁt& 25
By rapidity

100 -

i
7 Wf

......... _ [ &|.1.1.|.1.|.1.1.|.J. .\“-f."‘.:-"..‘, VEANE = M |+
OO 0.5 1.5 2 OO 1 2

1 .I .! 3
o rapidity

¢->ete : a=0.91+/-0.10+/-0.01
0>K*K : a=1.10+/-0.09+/-0.02

Ao=0.18+/-0.14
Oly> K +k-E 0> oo [FHEET D HEBE

ri,\
=
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SIAFTI Hamamatsu S8664

B General ratings / Absolute maximum ratings

ACTIVE AREA

10 =10

PHOTOSENSITIVE

EPCXY RESIN

W Gain vs. reverse voltage

Dimensional _— ) ) Absolute maximum ratings
g Eﬁectlve . Effective active Operating Storage
Type No. . Package active area size area temperature temperature
/Window
o Topr Tstg
material (mm) (mm?) °C) C)
S8664-02K_| 00.2 0.03 @ S8664-1010
S8664-05K | N 0.5 0.19
sseeatok | K o5 910 078 55 10,100 (4 x) cos
S8664-20K 2.0 3.14 20 10 +60 i
S8664-30K | @K TO-8 03.0 7.0 )
S8664-50K - i 5.0 19.6
S8664-55 3IE ) 5x5 25
S8664-1010 GIE Ceramic 10 % 10 100 2010 +80 ©
=
B Electrical and optical characteristics (Typ. Ta=25 °C, unless otherwise noted) =
.3 | Photo |Quantum I
ST Pegk . |sensitivitylefficiency Breakdown Temperature Dark *2 Cut-off | Terminal * Excelss Gain
response sensitivity voltage v . Noise
. S QE coefficient of]  current  |frequency|capacitance] . M
Tvpe N range |wavelength v=1 | mM=1 VBR VBR o f Ct index 2=420
i e A A |, | e | 1D=100 pA ¢ A=420 nm |~ M SURFACE
72420 nm{%=420 nm
Typ. | Max. Typ. | Max. @| &
° =
(nm) | (nm) | (AW)] (%) [ (V) [ (V) | (V°C) | (nA) | (nA) [ (MHZ) | (pF) b
58664-02K | 0.1 1 700 0.8
58664-05K | 02 | 15 680 16 -
58664-10K | 0.3 3 530 4
58664-20K | 320 to 0.6 6 280 1
“SB664-30K | | 1000 600  0.24 70 400 | 500  0.78 1 15 140 22 0.2 50
58664-50K | 3 35 60 55
58664-55 | 5 50 40 80
S8664-1010 10 | 100 11 270
*1: K: Borosilicate glass E: Epoxy resin
*2: Area in which a typical gain can be obtained.
*3: Values measured at a gain listed in the characteristics table.
W Spectral response B Quantum efficiency vs. wavelength W Dark current vs. reverse voltage
(Typ. M=50) 0 (Typ. Ta=25'C) .
25 P 100 {Typ. Ta=25'C)
355'54-55!'-1015\ 80 /0 58664-550-1010 ThA
s = - N £ AL
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