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J-PARC E15 EE&

3He EZE/ITin-flight (K-, nN)&iE5ZALTO KNN
bound states DIEHE

KNN Neutron

K 3He Formation
cluster

1.0GeV/c I
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Mode to decay charged particles
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KNN bound state®
“Formation” & “Decay”
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J- PARC K1 BBR beam Ime[Jun. 2012]

L . : \ X “_\ |
I beam dump e

beam sweeping

: neutron counter &
o e "
;, “’ TOFstop/proton counter A




« 2010 10K

o CDS commissioning run(~3day)
2011 38 EKIZELYI-PARC EEnfeit™
2012 2H

o CDS commissioning run & beam tune (~3day)

2012 3~5R
o NCOMIEE=RRITNERARIRHBARS

2012 6 R

o engineering run (~1day)

2012 12/20, 2013 1/17

o 2"d engineering run (~1day)

2013 3A Production run(30kW*weekos <L)




Performance of
Detector System

June 2012
15t Engineering run with full set up
(w/ lig. 3He target)
Run time ~1day



Beam Spectrometer
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Momentum|[GeV/]

PID for CDS
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« PID for CDS (vertex in target volume)
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events/0.5MeV/c?

Invariant mass spectra

16000 /77777 777777/ S S —
p n mvarlant |mass spectra T R
1400 . . . |
ulation
1113.4 MeV/c?
0=3.5MeV/c?
Dlsplaced vertex>20m (CDS resl.200um)
*-“-1113 6+ 0.1 MeV/c?

0= 3 5 + 0. lI\/IeV/C2 w

097067.08 1.1 T121.141.161.18 1.2 122194
Invariant mass [GeV/c?]
« ADBFBRIZHI
 old Simulation&—=>B BN » fEEEZ = A (CDC resl.
200um)
*invariant mass resolution(Kpp) =10MeV/c? (with simulatiofi)




Forward neutral particle spectra
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Production RunT®beamil =
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Neutron momentum spectra

in-flight *He(K-,n)
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Summary

o KPEFIRFH
o HEFELEFEMENATEHRET HFHLLVNFOVREE

» J-PARC E15%E#%
o in-flight 3He(K", n) RItZAWLTDTEEEER
o TARTDsystem T+ RE
« Beam line TO.2% M :EEN =5 fEHE.
« Amass resolutionm bsimED LLER T
=> Kpp invariant mass resl.=10MeV/c?(with sim)
s RIAFMERFOREIZHREI
=>Missing mass resolution (Kpp) =10MeV/c?
« § H3 A ®production run
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K +3He 2 “Kpp” + n @ P,=1GeV/c, 6=0°

d?c/d0_dE_  (ub/(sr MeV))

150 L 1 1 ] I I 1 ] I | 1 | | ] ] | ] I I ] | I ] I I 1 ] |

L | i

i = bound i

125 — quasi—free <— —]

- : VO =-292 WO =-107 Me¥Y

- | YA potential -

L e - === - K~ conversion .

L | i

75— : ---------- K~ escape —

L | i

- | i

50 — | —

. | i

i | ]

25— —

0 -'_-:I -.-I -.‘I ..-I | | 1 1 1 | 1 I'.l 1 1 | 1 1 | 1 | | 1 | | | | 1 1 | -
1100 1150 1200 1250 1300 1350 1400

p, (MeV/c)

T.Koike and T.Harada. , PLB652 (2007) 262

®18



Beamline spectrometers

« BHD & To(Beam trigger)

« Plastic scintillator O 8%

« PID for beam

« Time resolution TOF(BHD-T0)~160ps

« AC(Kaon ID at trigger level)

e Aerogel F= L v a7kHis
(index=1.05)

« PID eff. =97%(Vth=5.p.e.)

« D5 magnet & BLC (Beam spectrometer)

« Dipole Mag. & wire chamber

- HBR7REE =0.2%

T [ rrrrrrrr1rrrrprrrr
— beam trigger j
—— electron trigger 3

—famuee ]| TOF (BHD-TO)
—— proton trigger ? 10GeV/c beam

Count/ 50 ps
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Cylindrical Detector

System

* 3He EMIREY D KppH S0 AREHI
FERET 50D %Eﬁ

- e

Size 99x30x700 mm3 |
o ; WXTXE

Conflguratlor( BMmddule '
PMT : fine-mesh typel‘ 18409
Solenoid Magul\/lab( 2"

BPD
BPC
TGEM-TPC

target cell/ / S Expected mass resolution :
vacuum vessel .| Beam Veto Coun -6 ~ 3.5 MeV/c2 for A
- o ~ 10 MeV/¢2 for Kpp
(oc4c = 200 pm / Field : 0.7 T)




Forward TOF counters

‘ e 20X 5X 150 cm3
Plastic Scintillator
 Configuration :
Neutron counter 16 (wide) x 7 (depth)
' = .0 ¢ Surfacearea: 3.2mx 1.5m
A . * missing mass resolution for K-pp
==| 5=9.2MeV/c?
(P,=1.3 GeV/c, o1or=150 ps)

Ei“ 'i;c,‘g |

)
N, J
A:‘
Lo e
- e p
v SN

* 10 X3 X150 cm3
Plastic Scintillator

| _ — - /i  Configuration :
NCO) background’é?[ﬂléf'&')k 27+34 layer

beam dumpZREIRIZ * missing mass
resolution for KNN
c = 6.8 MeV/c?

(P,=1.3 GeV/c, o1or=100 ps)

o 0]



Rough estimation or
vield(Kpp)

* Proposal
K intensity/pulse do/dQ
1.4x106 40day 10ub/sr 1000
1mb/sr 100,000

* Engineering run (June 2012)

K intensity/pulse

6.0x104 lday 10ub/sr <1
1mb/sr ~60

* Next run ( Mar 2013)

K intensity/pulse m
c LUOMvRHZRISRY

5
2.4x10 af 14day 10ub/sr Datal &35 F 1FC
144 1mbl/sr ~5,000 1 =

° e 27



2NA and s-wave scattering

1

0.8

0.6

T,/Q

0.4

0.2

Dalitz plot (Final state Apn)

on 3-body Phase Space (Dalitz's plot) at CM K

@ E15 exp.

of Apn state!? (2NA or Kpp etc.)

n

_— -1 3He ‘f.-f ] ; P !

We can separate Kpp signal to 2NA

We will be able to observe interesting data

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
(T,-T,)//3Q

T.Hiraiwa 2010/12/2-4 Strangeness
workshop 2010

or
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w )
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CDS
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Background study (two nuclear ahcarntinn)
2NA + AN rescattering / 2A conversion

IOOkS ||ke a “Signal!! ??(ZNAitseIf IS not a problem.)

2NA+AN rescattering

K n| NC
SHe? i
Al
or
'n] NC
o= P|cos
K A

'n] NC
aHeT
CDS
K- p

2NA+XA conversion

K -n] NC
sHe —\'—-% D
@:z cDS

or

'n| NC

— I [8lcos
K-

signal

K n|
He %?
Kep S

NC

CDS
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Background study 2(Dalitz’s
plot)

2NR and s-wave scattering

2NA and X2-A conversion

on 3-body Phase Space (Dalitz's plot) at CM
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< L I
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0.2 i '- =

- sig n inNC |

/N ——— PA in CDS|T
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T, /Q

0.8

0.6

0.4

0.2

on 3-body Phase Space (Dalitz's plot) at CM

- kinematfical pA-ln CDS i
. : (pec )/ "
| boundary  / \ -
g n in NC |
/S RN~ —-———— PA in CDS|
§ (pa") i
_l L L L l L L L l L L L l L L 1 l L L L l L L L l—
-0.6 -0.4 -0.2 0 0.2 0.4 0.6

(T,-T,)//3Q

e Signal can be distinguished between background !!

025



counts (a.u.)

250 pr—

200

e,
tn
o

100

50

|dentification of Apn final state

by CDS & NC

i

J Apn final state

% Opn final state
¥ missing

relative yields of

each com ponents i

are unknown
—— Kpp Ap
— Kpp EpiX=1)
INR +ZA conw. (X = p)

QF-X and X A conversion _|

Ttmissing

MM

0 200

4[:"2'! BI'JI'J

Missing Energy [Me‘#]

» Possible background
- X9%n final state
+ v missing
- QF-A + m missing
- QF-%, XA conv.
+ 1T Missing

Other processes
can be clearly
separated!!
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Formation spectra : in-flight 3He(K",n)
K-+ 3He 2 “Kpp” + n @ P,=1GeV/c, 6=0°

d?0/d0_dE_ (ub/(sr MeV))

150 1 I I !

125

100

0
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guasi-free =— (YA potential)

— bound

- -—- K- conversion
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T D
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|
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1200
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T.Koike and T.Harada. , PLB652 (2007) 262

Quasi-free peak ~1.2
GeV/c
Kpp peak >1.22GeV/c

Easy to observe

11f do/dQ >1.0 mb/sr

(This example do/dQ

—1~3.0 mb/sr.)

1400

2/



P m Invariant mass

( Lambda peak)
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P N |

« Simulation
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L
006

______paa_________[sm______

1113.16 +0.1[MeV]  1113.4[MeV]

mean

Num. A

108 11 112114116118l12 122124

Invariant mass [GeV/c?1

Sim

Run43 data(2012 May -June)
Data sum ~1kw*week
K- beam (1.0GeV/c)

3.42+0.04 [MeV] 3.6[MeV] - *He target
- Target cell selected
~16k - Simulated with CDC resl.=250un
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Kinetic distribution of A

=S

pLambda_af
Entries 250 2
Mean 0.4972 1 0

B I

150% R '- ‘%'M |

100_( I :LHH” |

250}

IIREERE

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

10

T TTTTT]

G: - W\J.q.'.wu- - L
........................................... 1
0 0102 03 04 05 0.6 0.7 0.8 0.9 1

?!?!!?|

Momentum[GeV/c] S o N Y W Ch
0 010203040506070809 T

Life time [ns]

*  Momentum dis. A is almost same as
simulation’ s one

peak (data) ~0.45GeV/c
peak (sim) ~0.4GeV/c
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n" m Invariant mass
(KOs peak)

e
1000 | ——_— H ............... S SRR e o R : . .
- A | = Simulation
800 } ' —invmass
: 450 ::lasn 0002:?(:
600 | anof- Overton a
o ci e
400 - 300 I\ang:mm 0.49:;) i-so.:_;:;
: 250 i— Sigma 0.01021+ 0.00009
- 200;
200 150E
- | 100,
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Invariant mass [GeV/c2]

______lData_______Sim

mean 488.1 =£0.2 [MeV] 495.7[MeV]

Run43 data(2012 May -June)
- Data sum ~1kw*week

K- beam (1.0GeV/c)

3He target

Target cell selected

Num KOs ~6.8k Simulated with CDC resl.=250um
[ 30

G 8.8+0.2[MeV] 10.2[MeV]



Kinetic distribution of KOs

N Mean 0.3248 p : nEnr;:rl‘es 0.1 ggg
100 RMS  0.134 O | RMS 0.1424
- WL“H x* / ndf 382.7/138
B f 10? I - Prob 7.127e-25
80 ”M M 1 po 317.7 £ 20.2
: ,w NG ; p1 0.08991 + 0.00233
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40— | e Sy
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«  Momentum dis. KOs is almost

same as simulation’ s one

ottt (there are 2 peak ) o



Ap opening angle
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N
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Very Preliminary Results on 3He(K,n)
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deuteron in CDS:  vertex in target

0 m‘-llke ? mom _cos d
3N P L eren reaction? L om e
1: . : — - T - Jieanx 0.5813
= =/ Meany 0.1034 )
) RMSX  0.2429
RMSy  0.3337
Q
S 0.2 ‘
D
/)]
o]
= .002 "'._3 82 2 N
04 \ ' 10°
0.6+ '
0.8

; N ‘ ST I
D 02040608 1 12141618 2
deuteron momentum (GeV/c)
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Performance of CDC

XT Curve
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Performance of CDC

XT Curve
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Performance of CDH

TOF of TO counter to CDH

corrected with events = beam(1.0GeV/c) and = track(CDC) CDH
T0
cTO 70~80ps, cCDH 70~80ps (cosmic ray test) Lcoc
=c TOF 100~110ps ( ideal ) ‘H CDC
Lbearn
]
At of TOF(CDH-TO) [
22UV~ | e 02108
20000; | B' ;;::dl 46?.-71101
m At =t.qc —TOF:py—10 18000 B
Lbeam LCDC :;gggé_ 129D ~ | Ignfa_.. V.| -tho-m
AL i — = + - 10000 c~163. F 0.4 DS
BTE 671' 8000 - ‘ ; ‘ \ ;
6000
There are effect of CDC track resolution  o00: j \ |
(momentum ,position) T OO VRN DO S DO
° 2 -15 -1 05 0 05 1 15 2 37
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SHe (K-, n/p) reaction

T e ' mmz omm omn son oo Sar son S am Eam Dy Sam D am Em Em Eam e
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=
Y
=
= =
Y
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*He(K",(n))Reaction

= At 3He(K-, n) reaction, there are 2 reaction components (A, B)
->Can not separate A and B experimentally.

= At 3He(K-, p) reaction, there is only reaction C. And reaction B and C are
iIsobaric analogical.

->To compare with both 3He(K-, n/p) reactions, We can get the information of
Isospin dependence of reactions
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Theoretical Calculation of (K-, n/p)

reaction
= Calculation of (K- ,n/p)RNN missing-mass spectrum

{ T pp=1 Tpn=0,1 ' ! Tpp=0,1 !
K- @™ K- @ K ®:
' n K- p K 'p MK_:
P - p P - p b - p
D - p n = n ' n =~ n
| Reaction A Reaction B '+ Reaction C -
N J} :\ |

*He(K~(n) Reaction 3He(K~(p) Reaction

120

40 . . I 80 - . -
Reaction A — Reaction B = Reaction C
390 (K-, n) reaction 2 gol (K-, n) reaction 2 60l (K-, p) reaction
0|40 w
10 I ] —~
33 g 20}
0 0 0 ]
700 650 600 550 504p 700 650 600 550 500 700 650 600 550 500
Tn[MeV] Ta[MeV] Tp[MeV]

J. Yamagata-Sekihara, D. Jido, H. Nagahiro, and S. Hirenzaki.,

Phys. Rev. C80, 045204 (2009) 039
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iy _ 1 N T .
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o isospin of KNN
B: z component of isospin KNN
T: isospin of KN subsystem
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Background?? :

two nucleon absorption

2NA + AN rescattering / ZA conversion
looks like a “signal” 7?7 @2NAitself is not a problem.)

12C(K-,n) @ 1GeVic A

X e IR I | I
-100 -850 0 50 100
-BE(MeV)

[ J
T. Kishimoto et al., Prog.Theor.Phys. 118(2007)181.

De Broglie wave length @ 1
GeV/c

~1.2fm
NN distance in SHe ~ 2.25 fm

Proc. Jpn. Academy,
Series B83 (2007) 144.

These probabilities are
expected to be very small ...
Anyway, let’s see how they
look like!
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Motivation of measuring 3He(K-, n/p)
reaCtIOn SHe(K-, n) reactior‘

« Only 3He(K-, n) reaction channel was ‘
proposed @ E15 exp.

—because K- is more attractive proton than O—’ “ =) ” ._’

neutron, so K'pp is most bounded simply. e

« But isospin components of KNN from
3He(K-, n) reaction is mixed strongly Q.
attractive one and another one.

 only measuring 3He(K-, n) reaction, we 3He(K-, p) reaction
can not separate strongly attractive one A

and another one.

—Both measuring 3He(K-, n/p) O_" nd ‘ﬁ . '
is needed! e

On
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