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similarly for K*'s

K+ DECAY MODES

Mass m = 493.677 + 0.016 MeV [4]
Mean life 7 = (1.2380 + 0.0021) x 10~8 s
eF = 3712 m

onfidence level (MeV/c)

Fraction (I';/T)

1(JP) =

(07)

Leptonic and semileptonic modes
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at 0 ( 20.66 £0.08 )% S=12 205
7+ 7070 ( 1.761+£0.022) % S=11 133
atata~ (559 £0.04 )% S=13 125

(S = 2.8)

® 19474 |

Nt
-EE-’*'EO) O

é*’-’f— (®)

s=-1%%

(S = 1.9)

Za—o-O0FxR
B—ED1) T —FR - I\bT—

IZKYFHEBRDF

O ER
FfEFD—2,

N CVF DRI 7%
JIEFMWERFIELTHER




KR fal 1%+ B4 H

« KNHHE/ERIFEIZRILF—K-pEREL" &"KE
FIKREF DEERKLYEE| N THAEMN S
MHTLYA
— E228@KEK (KpX), DEAR@DAFNE, SIDDHARTA@ DAFNE

[

Kaonic Atom Formation

1) Initial Capture 2p Atomic orbits of
(n~{M"/me ~ 25) ®o- Kaon
M=Kp reduWAuger Electron [ 2p -> 1 S X'rays ]
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2) Cascade : :
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Strong Inter:
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Kaonic Hydrogen Atom IR1K

kaonic hydrogen puzzle
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How to approach kaonic hydrogen puzzle?
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F DD Kaonic Atom

shifts and widths of kaon atomic levels
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Binding

l:lauc;T;ci: Energy Width Centr:al
[MeV] [MeV] | Density
Kp 27 40 3.5p,
K-pp 48 61 3.1p,
K-ppp 97 13 9.2p,
K-ppn 118 21 8.8p,

FROREIRILET— > a2/ Ok

VNI D BFE?
LM > HERTE?

A. Dote et al.
Phys. Rev. C 70 (2004) 044313

83 5 2.0

b == - 0.5
— 1 R J =3 / 2

Neutron
Star

p+e > K +p+v, ?
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Binding Energy
(MeV)

Width (MeV)

Method

Akaishi, Yamazaki

4 61
PLB533, 70 (2002). AULYE :
Shevchenko, Gal, Mares
! ! -70 90-110
PRL9S, 082301 (2007). Faddeev 2>
Ikeda, Sato
! 7 74
PRC76, 035203 (2007). feeeEaYy ?
Dote, Hyodo, Weise chiral SU(3) 19+/-3 40-70 (tXN-decay)

NPA804,197 (2008).
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PRL, 94, 212303 (2005)
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PRL, 104, 132502 (2010)
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o stopped-K + A =2 Kpp? + X e 2.85GeVp+p—>Kpp?+K

2> A+p ) ~ 2> A+p
. REHROHBE © EHFEAE
. NUHHTSHURKAMIDE  ° PHPRICHLDEMIE/ N
To00k
FINUDA@DA®NE DISTO@SATURNE
PRL, 94, 212303 (2005) PRL, 104, 132502 (2010)
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ChU model, T. Hyodo D. Jido et al., NPA725(03)181
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Experimental Principle

search for K-pp bound state using 3He(K-,n) reaction

K-pp neutron

Formation cluster

exclusive measurement by

Missing mass spectroscopﬂ
and

Invariant mass reconstruction

at J-PARC
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Expected Kinematics for K-pp Decay

®binding energy = 100MeV/c?
®lsotropic decay of K-pp
®with forward neutron

CDS xy-plane
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E15/K.8BROD FESR

15t PAC | proposed and approved as the stage-1 and the day-1
experiment at K1.8BR

Jan. 2007 2" PAC  approved as the stage-2 experiment
Feb. 2009 Run#22 first beam transportation to K1.8BR
Oct. 2009 Run#26 beam line commissioning (~6.5h)

Nov. 2009 Run#27 beam line commissioning (~15h)

Dec. 2009 Run#28 beam line commissioning (~20h)

Jan. 2010 Run#29 beam line commissioning (~50h)

Feb. 2010 Run#30 beam line commissioning (~55h)

Oct. 2010 Run#35 beam line and CDS commissioning (~90h)

Mar. 11 2011 the earthquake
Feb. 2012 Run#40 beam line and CDS commissioning for 1.0 GeV/c (~150h)

May. 2012 completion of spectrometer construction

Jun. 2012 Run#43 1% engineering run with full-setup (w/ liq. 3He target) (~100h)
Dec. 2012 Run#45 engineering run (~27h)

Jan. 2013  Run#46 engineering run (~24h)

Mar. 2013 Run#47 15t physics run (~300h)
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Beam envelolp
1.8BR

cm designed optics of
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AN Tr/K/pDENIEZ 77 B

> e/u/nlX Bt TEEL
B3 CM(Collection Magnet)ER)wbZERALNT., n/K/pZ Bt

1000 “’ ® Beam/TM
) , 49 . EProton/TM
kick-angle: y o o TC ion/TM
q« e Electron/TM
é o L ... K- A Kaon/TM
Kt o Fu 1 0? m
=
1
CMI KI1.8 ESI CM2 +0.7
ric and magnetic fields MS I o1
are turned on : that
we can separate particles.
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K1.8BRTNDKE —.L

ESS1=+/-275kV 200000 _ 08
1,000.00 / e kaon/TM1 [—— --K yield
Q5=+20% . = ===K/pi ratio
100.00 sl Wpion/TM1 | 2. 150000 0.6
.‘ u proton/TM1 - L\
10.00 m — =
RN AR ~ —
‘ m ™ " Ung S 100000 / 04
1.00 at 7y o Wegg o Ay Y
1 L ¢ ¢ o0 ~
¢ ‘o Yoee * =
0.10 RS ¢ @
¢’ S\ 50000 - 0.2
0.01 - v operation u\E
. point
0-00 ! T T T T T 1 O T T T T T O.o
350 400 450 500 550 600 650 06 08 1 12 14 16
CM [A] IF-V, MASS slits [W] (R')VFDIE)

e K/mratio: 0.3
e K-yield: 80k/spill/10kW

Au/Ni=1.8 is assumed

10kW(Au) 20kW(Au) 50kW(Au) 270kW(Ni)

beam intensity 350k 700k 1.8M 5.3M
K vyield 80k 160k 400k 1.2M
K & CDS[1hit] trig. rate 3k 6k 15k 45k

K & CDS[1hit] & n trig. Rate 0.1k 0.2k 0.5k 1.5k




Beam Line Spectrometer

beam trigger: BHD & TO
v’ plastic scintillator arrays
v' TOF length (BHD-TO) = 7.7m
v o(TOF44p.10) = 160ps

kaon identification at trigger level: AC
v" mirror reflection type aerogel
Cherenkov counter (index = 1.05)
v' 7 detection eff. = 96% (th=5p.e.)

beam momentum: D5 & BLC1/2
v dipole and wire drift chambers
v" momentum resolution = 0.2%

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

—— All trigger

—— electron trigger
—— pion trigger 3

—leentriseer  ITOF(BHD-TO)
3¢ Run#40
P 1e +1.0 GeV/c
j- ESS1 = +/-250kV
I

Count/ 50 ps

L1, .. Ll

32 36 '38
BHD-TO Time of flight (ns)







L|qU|d 3He Target System

R Evaporator full
. : Pressure

(Evap/ Heat. Ex)
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the system has been successfully operated



Liquid 3He Target System

*He evacuation

A1)y L3797 24001 ZfEF =F_ o port
=~2{E M (BEFHI~3000 5 TEA) LN, inlet i |
@ HBAEBEZRTY—ILR(TK) ’f'me -
@ BIAAN ™ LATA.2K@1atm [evaporator] \
Q@ BAENIILATEBET HIEIZEYAYD LS | WNetank ]I |
Z1.3KETHPLTHKAL [heat exchanger] =

@ CelllZFENITETEMELTHLS needle valve

vacuum

E17 setup  SDDs port

~-fed =7

“He separator

s M W==""—N

Nl
. 5 diffh

“He evaporator

calibration foils preamplifiers

3He heat exchanger 5
&x-\k_\_“x

target cell radiation SM u 1

vacuim vessel \\H\W N .
EDEMNGEDIATLAL
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solenoid magnet
v'bore $1.18m, length 1.17m
v'0.7T operation

CDH (Cylindrical Detector Hodoscope)
v'36 plastic scintillators
v FM-PMTs
v 6(TOF;o.cpn) = 160ps

CDC (Cylindrical Drift Chamber)

v'wire drift chamber e e e R
i :‘ 9 of'{a_tf?:r?‘ 55,0, A \;; Eoz) ;'::;::ﬁ-'.- 0.08 =t

v'15 layers, 1816ch et U I L W
! G it = °' 0.06

v’solid angle = 2.67 ; -°' 222 =L\

_ _ . i f 003 £kt 2 5 ; |

\/gas - Ar'CZHG/ 50:50 : «r.,-: 002:-0bta €DCresolution-of -
e 0% 00,m s took into account.
T £ () 2 0 0.2 04 06 038 1

AR S S ES =

o A e Pl GeV/cl
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gOIEﬂOIa W|agnet

Solenoid magnet for E15 experiment

has been constructed.
*Field strength: upto 0.7T
*Space inside : ®=1.2m, L=1.2m
eweight : 23t

magnetic field map

BLEYL/ANEHE ZARBISSfM (4361-1)
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o~ X=-100,Y=0 X

0.15
—— X=+100,Y=0
o —=— X=-50,Y=0
’ /y/ —a— X=+50,Y=0 \%&
—— X=0,Y=0
0.05 5/ \g;%;i

-750 -500 -250 0 250 500 750
BIEALE Z(mm)

beam direction




yiinarica riTt amper
O+ E : 7JLS=) L CFRP O NAEIL
O = : ~ 100kg (drift length~9mm)
0 A\ —%4 :8136 ®7 super layers
(e HL : 1816ch) (AUVAUVA)
O ) A\—i8R ] : ~ 600kg ®15 layers
®wire length = 82cm (r =19.05~48.45cm)

®solid angle = 2.6m
®Ar:C,H.=50:50

aluminum block
(x6)

aluminum
end-plate

CFRP tube
(t1lmm)




Cell Configuration
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preamp cards and ca

LVDS—> ECL converters
at the exp. hall

il /

s

i \ ] § _ . £ 4
| ]'.\'“II \ \}—,‘ e «Chip : CXA3183Q
B s PR (SONY, low noize ASD IC,

| R E | | e o | t=16nsec)
“““““ "["l"'m:'_"“' LW 15 ‘ | o e *Output : LVDS differential

) - e *Gain : 0.8V/pC at preamp
;%; cables
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Hodoscope Counter (CDH)

CDH is used for the charged trigger pID using ToF measurements
and particle identification. _

Plastic Scintillator :

99x30x700 mm?3 (WXTXL)
Configuration : 36 modules
PMT: Hamamatsu H8409 (fine mesh) x 72
o, = 71psec




Efficiency

CDC Performance
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CDC works good with expected performances
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@ beam dump

Beam Sweeping Magnet

-
/AF#  USHIWAKA magnet

| =1 v'used in KEK 2 beam line
v'installed in May 2012
v'aperture: 82cm(H)*40cm(V)
v'pole length: 70cm
v'1.0T operation

T I L [ L | LI B I T T 7T I LI B B | I T 1T 7T

w/ USHIWAKA = 1.0T [Run#43]

il @ 1.0GeV/c beam is swept

: out to the beam dump

® small background in the
forward counters

6000 [

4000

beam profile @ forward counter

|I_|"

vg-_III|III|III|III|III|

counter 2000
4\ ol Hm I R SRR B I
-10 0 10 20 30 40 50
< > < > <
beam TOFstop counter proton counter
dump



Neutron Counter
neutron counter

v'plastic scintillator array a" SyStems have been ready

v'16 segments * 7 layers 2 smce May72012
[320(w)*150(h)*35(d)cm] = >

charge veto / proton counter
v'plastic scintillators

v'32+27 segments
TOF(NC-T0) @ Run#43
> K-beam
....... - » CDH hits '..':ﬁ.fﬁ
107 s '1 » forward neutral -
! i
N Y
....... s i ]
: - J“} 1 L 111
Ly
T e (e [

Time of Flight(T0-NC) [ns] S &‘ﬁ

neutral particles (y & n) have been successfully NC Bhctruckion Was
detected and identified by the NC completed in Apr. 24 2012
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event vertex
Liquid *He(run#40)/*He(run#43) inside

AT DGR

CDS Performances
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Neutron Counter spectrum
EEAS 1st Engineering run in June, 2012

CDS perfiormance

[Prog. Theor. P 2012) 028011
@EA15 1st Engineering run in June, 2012 | _ zar. Exp. Phys. (2012) ]

2

‘r oror~ 150ps

2

neutron

counts/0.002*1/p

10

omm~ 9 MeV/ic2 @ 1 GeVic

Mo nur[Gevic]

events/0.5Mavlic?
0
)
w

Fluorescence X-ray spectrum

114 1.18

Beam-Line
re-commissioning

122
Invarlant mass [Gelic & Commissioning for E17 in Nov. 2010 |—
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All the experiments at K1.8BR are now ready!!




K1.8BRANRY A A—A—
7y TL—k
- TGEM TPC ---



TGEM-TPC for the J-PARC E15 exp.

OK-pp>nIpARIRZTHITE T H7=8. vertex trackerDE AT IH
vV TGEMZ A H LIZHLVATPC
v COSOFRIMNIAAR—)L
v E—LEHR1ImmO S EREETCDOSD SHREEMN 7mm > 2mmA

Solenoid
Magnet

Target
Chamber

~2m

Charge Veto

Hodoscope
Counter

Cylindrical Detector System

TGEM-TPC
filled with P10 gas at atmospheric pressure/

57



completed TGEM-TPC
("RIO pad size 4mm><20mm\

N
connector e

L

' .

# of pad =4X4X9 =144

TGEM

ﬁield strip

edouble sided
FPC

«8mm strip
«10mm pitch

Qon-necessity of support-structure!




What is TGEM ?
Thick-GEM is ...

®a robust, simple to manufacture, high-gain gaseous electron multiplier
@cost-effectively fabricated from double-clad G10 plates,
using standard printed circuit board (PCB) techniques
®holes are mechanically drilled (and, if necessary, the hole’s rim is
chemically etched to prevent discharges)

®casy to operate and feasible to cover large areas, compared to the
standard foil GEM

TGEM cross-section and
drift line

avalanche

bvalanche

: thickness:400um
AV gep~1kV

Garfield Simulation 59
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many TGEM prototypes
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tes chamber

Test bench setup

/ Double GEM setup

>Fe
drift mesh
11mm 1 Earire
T(15rbwcm) e TGEM 1
AVGEM
2mm 1 E TGEM 2
AV
2mm 1 Ejpq oEN
R/O pad

@®double TGEMs

« @QGas: P10 at
1atm, normal temperature

GEM2

™ .  @HV divider with resistive chain
- Ratio of AV /Eine/Eing IS CONSL.
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J-PARC E17%£E%
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vy ar Ky 7 Mg (SDD)

KETEK GmbH NIMA 225(1984)608 e
Anode ﬂ_\TD:/‘V)I/

Drift Rings el ¢

s
Integrated FET ([3)

= & Path of
n Silimn\éwons

Back Contact

FHE

o small anode side
drain (n+)
gate (p+) source (n+) anode (n+) Q — CV — (80 / ) V

gulard (p+)

O Large effective area

channel (n) o Thin active layer

bulk (n)

7
iz -
% \ ~ multiplication region glnefctzlt?gns
|
\

deep guard {p)

symmetry back electrade {p+)
axis
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A(1405)FEERIZTKHLNTLNHZ L

» HEFIMEDRE  KASFYoRILTRIENEE

— 1405MeV
e BEDNDERERLYROI-IREBHIRTUOVIL
— 1420MeV

o« A4S A=F)—-FTIL
e A(1405) (KN EmSIThYTILT B ZDDR—ILEHED
o HIRE—FZEDARIIS LEFEMRITE
(RZ)PHRIBE—FR3DFAV THEMNETE
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A(1405): S-wave Kb"N —nZ scattering below K*"N threshold

d(K-,n) may enhance the S-wave scattering at 6, = O degree.
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