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J-PARC E15 experiment

Experimental search for KNN bound states
using in-flight (K-, N) reaction on 3He

Neutron

(proton)
=

KNN
cluster

Formation

We can observe both t
“Formation” and “Decay”

of KNN bound state
(especially K-pp state is important)
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Status of J-PARC K1.8BR
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Cylindrical Detector System %

« To detect the decay particles from 3HeTarget

«  Momentum reconstruction
* Particle identification
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Expected mass resolution :
-0 ~ 3.6 MeV/c2 for A
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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 1 beam(1.0GeV/c) and = track(CDC)
TO

oT0 70~80ps , cCDH 70~80ps (cosmic ray test) H

CDH

=cTOF 100~110ps ( ideal ) CDC
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Momentum[GeV/c]
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- PID is clear!

- Cos 6 means angle between beam K- and scattered K-
- Correlation of K- ‘s cos and momentum is clear => elastic scattering
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Kinetic distribution of A
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n" m Invariant mass (KOs peak)

- h
1000 ! . .

i /\ - Simulation

800 B \ Entries nvmass 15249
: | / 450 ;7 ::ﬂ%ﬂ 0:2:::

600 ' 400 g::::f::;::w o

400 } 3001~ Mean 0.4957 + 0.0001
: HI H* * 250 i— Sigma 0.01021+ 0.00009
= ! 200

200 - Mo, ok
- MM 100F-

O _I L1 L1 L1 L1 L1 L WWW 50 ;
035 04 045 0.5 055 06 065 0.7 0.75 08 e dis i

' R R 7 R R Y R ¥ T S X
Invariant mass [GeV/c2]

______lData________Sim

- Run43 data(2012 May -June)
mean 488.1 =0.2 [MeV] 495.7[MeV]

- Data sum ~1kw*week

K- beam (1.0GeV/c)

3He target

Target cell selected

Simulated with CDC resl.=250um
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Kinetic distribution of KOs
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Summary

- CDS Performance
- CDC (chamber)

Efficiency =>99% over!
Residual distribution =>resolution 200umLL T %E &k
SPHPt ~8%(@1.0GeVic)

- CDH(Hodoscope)
Time resolution ~160ps (TOF of CDH -TO)
PID=>p K ,p,d 528 =>"p"(K-,p)K-Delastic scattering N#FREEICR A TLVH LD

- Preliminarily result of Run43

« Invariant mass of (p ) or(n+ =-)

« A ,KOs#|ZpeakWFHEEICR A TLVS

=>mass resolutionZ: &, simulation&LLE R & > TLVA (KOs mass

centerD 3 NILHREEH)

« Momentum distributionD 2 IEFEEE->TLVS

- Lifetime:t lEEBBIE-TLNS
=CDS [ZTL KOs®reconstruction| ZF .
K1.8BRdetetors M #2 & BIEFEHT~
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Momentum vs cos 6(Lab sys.)
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- K- or deuteron in CDS

- Cos 6 means angle between beam K- and particles(K-
or d)

- Correlation of K- ‘s cos and momentum is clear =>
elastic scattering ?



Momentum vs cos 6(Lab sys.)
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- KOs or Lambda in CDS
- Cos O means angle between beam K- and particles
- Non-Correlation events @ KOs are background events ?



Generated angular distributionCDS accepted angular distribut

Kp > An® @ 1001MeV/c Kp > Ar® @ 1001MeV/c
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Generated angular distributionCDS accepted angular distribut

Kp 2> K°n @ 1001MeV/c Kp 2 K°n @ 1001MeV/c
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Lambda peak

- 3 zone (red ,
green ,blue)
- Width 24MeV/c2

- Red =lambda peak
- Center =1114.0MeV/c2

- Blue and green
- Using estimation of BG
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- (Red spectrum) —
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green)
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Lambda KOs peak

- 3 zone (red .
green ,blue) 1000 |
- Width 4MeV/c2

- Red =K0s peak
- Center =490.0MeV/c2

- Blue and green e T R
- Using estimation of BG 2000 e

- Getting KOs kinetic P e B T PO i =2
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Lambda momentum
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Invariant mass proton pi-

Invarlant mass v.s. DC distance Invarlant mass Ww/wo cu%
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_ Invariant mass GeV/c2
Invariant mass GeV/c2

- Invariant mass p © — (lambda peak)

- DC dis =(DC of pn ) to (BPC track) ~ distance
from reaction point

- Cut up to DC dis >2cm



Invariant mass p+ pi-

Invarlant mass vs DC dlstance Invarlant mass W/WO CUtipiau
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 Invariant mass n+ © — (KOs peak)

 DC dis =(DC of i ) to (BPC track) ~ distance
from reaction point

Cut up to DC dis >0.6cm



Lp event (Invariant mass & missing mas)
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“0”’(K-,n)KO0s event for NC efficency

estimation

- To estimate NC efficiency
Missing mass “p”(K-,X)K0s

- => using “p”(K-,X)KOs reaction E“meS,ﬁ?
. . 80F ntries
- From Missing mass spectrum , ob [ Mean  1.066
. o RMS 0.1359
there is neutron peak 60E |
- S/N ratio ~ 50%7? 50-
40F |
30
) e
10+ i

E.\...\...n.l.......mauL TR RSN M AN RTRTE AN R
00 02 04 06 08 1 12 14 16 18 2

Moemntum of beam K- is fixed
1.0GeV/c( not use D5 spectrometer s)

Neutron Cut means events of which
missing mass is under 1.1GeV/c2 &
up to 0.8GeV/c2



Neutron direction

- Neutron of “p”(K-,n)K0s Neutron cos 6 dis. —
events direction distribution 1400k ——— et
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- Neutron in NC acceptance
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\Inrtons raenlidinn (eimlation )

vrxsim_Xx
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Schedule

2012.3 14th PAC

Neutron Counter:
REASSEMBLING/INSTALLATION @ J-PARC

Beam-Sweeping Magnet :
2012.5 Preparation TRANSFER, KEK2J-PARC & INSTALLATION
@ J-PARC

Commissi | 3.3kW, a few days: trigger/detector
oning Run |tuning

2012.7 15th PAC
2012.7-9 | Shutdown

2012.10 | Productio
- n Run

2012.3-4 | Preparation

2012.6

5-10kW, 3weeks: 3He(K-,n/p)




Ba!a Wl!l I !econaary Beam
Run#3s |

Run time 2010/10/22~10/24 Run time 2012/2/19~2/22

Goal CDS Goal Multi-nucleon
commissioning absorption

Beam K-, 7+ beam (Background study of Ap
0.9GeV/c event) _ _

: Study of Calibration

Recorded Trig. ~9M event method for NC

Target C, Cu, Beam K-, =~ beam 1.0GeV/c
FRlEITIEE Recorded Trig. ~25M event

Solenoid Magnet

Target Liquid 4He
recorded in Run#40
30,000,000
20,000,000
—> I lx [
0.9GeV/c —N\ 10,000,000
/K beam Polyethylene C Cu
o Lae” '

2012/2/10 2012/2/15 2012/2/20 2012/2/25



K yield, K/m vs Slit
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® 1.0 GeV/c beam tuning was completed!
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20

50 CDS and Liquid Helium target system successfully worked!

1.5

1
102

[2/A®D] WNUSWOW

o R T L L R T TR T G
23520-15-10 5 0 5 10 15 20 25 '

Liquid *He inside ::5

5 7 | LB LB L3 L S R LR PR
Moo "

1 _15 L0} L .... .r.it.‘i1.. ,'..
-0 2 4 6 8 10 12 14 16 18

o T e R i N TOF(CDH-TO) [nsec]
Target-images tog'éfheﬁwit‘h matefial ® Particles from the target have been
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(" CDS o )
® Ready to explore kaonic-nuclei physics @ K1.8BR!
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Summary of Run40

Number of triggers
recorded in Run#40

‘ ;" 24 Run time: 19-22 Feb 30,000,000
: il Beam PW: 3.3kw 20,000,000
B ~ 6x108 K" on Target
~25M events recorded

10,000,000

o
o L«
2012/2/10 2012/2/15 2012/2/20 2012/2/25)

* Trigger
« CDH2Hit X (Korm) ~40/50 run
 CDH2Hit X K + CDH1Hit X K ~10/50 run

55, WLWOMIZEERBYIZprescaled beam or K ZBEE 5



XT Curve

Layerl(axial) Layer4(stereo)
[ dtvs di2in layer? | En::.,‘edst‘d | dtvsdi2in layerd | h_dt di2 4
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- XT curve of first axial layer(layerl) and first stereo layer
(layer4)
e Fitting with “f(t)=a%+alt+a’t’+ast3+a*t*+a°t>”



Momentum

distribution

momp
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Field strength [T]

Magnet
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DC reg ion
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Z [cm]

Achieved Design value!
(max field : 0.77T)

- Field strength : 0.5 T
(maximum field : 0.7 T)

- Aperture : 1.2 m
- Length: 1.2 m

Field strength of Z dependence

Characteristic curve (B vs A)
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K% simulation

/ assumptions \

- Incident momentum of K- : 900 GeV/c
- Target . Carbon (5mm thickness)
- Kp 2 K% n, K%s 2 nr?
( including angular dep.)
- Magnetic field : 0.5 T

Nucl.Phys.B 39 (1981) 21.

- CDC spatial resolution : 200~350 um
\ - Z: generated
asof accepted f
200; IJJ
150E IJ
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Yield estimation for K°

- Yield =N, o, Xt XoXrxXxAxex 1lle
- N,,on - NUMber of incident kaon per spill -> 10k/spill

- t : target -> 1.80 [g/cm?3] / 12 [g/moz] X 6.02 x 10%3 [mol-]
X 0.5[cm] ~ 4.5x 10%°[cm?]

- ¢ :total cross section (Kp -> K°n) ->7.16 x 2 [mb]
- 1 : branching ratio (K%s->n*r") -> 0.69
- A : acceptance (%) -> 14.1 [%]
- ¢ . overall efficiency (trigger, detector, ana., etc)-> 0.7
- 1/e : vertex cut
- Yield ~ 1.6 x 101 K%’s/spill

- 600 [spllls/hour] X 8 [hours/shift] x 1.6 x 101 [KYs/spill]
~ 7.8 X 10% K%’s/shift



A simulation

/ assumptions

- Incident momentum of K-: 900 MeV/c
- Target : Carbon (5mm thickness)
- K'N 2> A, or KN =2 120 - nyA,
A=2>mp
( Including angular dep.) Nucl.Phys.B 115 (1976) 82.
- Magnetic field : 0.5 T

- CDC spatial resolution : 200 um Gerarate
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Yield estimation for Kn=2>mA

- Yield = Nyon Xt XoXrxAxex 1lle
- Ny,on - NUMber of incident kaon per spill -> 10k/spill

- t : target -> 1.80 [g/cm?3] / 12 [g/molz] X 6.02 x 1023 [mol]
X 0.5[cm]~ 4.5x 10%[cm]

- 0 . cross section (K'n->mwA) ->11.3 x 2 [mb]
- r : branching ratio (A->mp) -> 0.63
- A : acceptance (%) -> 6.9 [%]
- ¢ . overall efficiency (trigger, detector, ana., etc)-> 0.7
- 1/e : vertex cut
- Yield ~ 1.1 x 10t A’s/spill
- 600 [spills/hour] x 8 [hours/shift] x 1.1 x 10t [A/spill]
~ 5.5 x 10% A’s/shift
- Total 7.6 x 102 A’s/shift (include all reactions)



