| ‘I M. I\/Ioritlsu .
( I(yo’t'@ Whiversity = RCN Pd@iisaka University )

for the J-PARCE19 collaboration
SR
Baryons2013 @ Gl'asgow‘ 2013 /06 /24

>




2

-~

n - »

Contents ’ -



J-PARC E19 Collaboration

M. Moritsu?, S. Adachi®, M. Agnello®, S. Ajimura®, K. Aoki®, H.C. Bhang',
B. Bassalleck®, E. Botta™®. S. Bufalino®, N. Chiga*, H. Ekawa . P. Evtoukhovitchy.
A. Feliciello®, H. Fujioka?, S. Hayakawa®. F. Hiruma', R. Hmlda K. Hosomt',
Y. Ichikawa?®, M. Iem1®, Y. Igarashi®, K. Imai', N. Ishibashi®. S. Ishimoto®, K. Itahashi™
R. Iwasaki®, C.W. Joo®, S. Kanatsuki®, M.J. Kim. S.J. Kimf, R. K]llChI _T. Koike',
Y. Komatsu®, V.V. Kuhkov“ S. Malcellﬂh“ S. Masumoto®, Y. Matsumoto, K Mammka .
K. lea , T. Nagae®, M. Naruki®, M. Nuyama H. Noumi?, Y. Nozawa R. Ota,
K. Ozawa® ,N. Saito®, A. Sakaguchi®, H. Sako!, V. Samoilov, M. Sato', S. Sato', Y. Samﬂ
S. Sawada®, M. Sekimoto®, K. Shirotorid, H. Sugimura®, S. Suzuki®, H. Takahashi®,
T. Takahashi®, T.N. Takahashi™, H. Tamura', T. Tanaka®, K. Tanida*, A.O. Tokiyasu?,
N. Tomida?, Z. Tsamalaidze!, M. Ukai', K. Yagi', T.O. Yamamoto', S.B. Yang’.
Y. Yonemoto'. C.J. Yoon?, K. Yoshida¥

4 Department of Physics, Kvote University, Kyoto 606-8502, Japan
bDipartimento di Scienza Applicata e Tecnologia, Politecnico di Torino, I-10129, Italy
¢INFN, Istituto Nazienale di Fisica Nucleare, Sez. di Torine, I-10125 Torino, Italy
dResearch Center for Nuclear Physics (RCNP), Ibaraki, Osaka 567-0047, Japan
¢ High Energy Accelerator Research Organization (KEK), Tsukuba 305-0801, Japan
fDepanmenf of Physics and Astronomy, Seoul National University, Seoul 151-747, Republic of Korea
£ Department of Physics and Astronomy, University af New Mexico, NM 87131-0001, USA
"‘D!pammgﬂm di Fisica, Universita di Torine, I-10125 Torino, Italy
'Department of Physics, Tohoku University, Sendai 980-8578, Japan
I Joint Institute for Nuclear Research, Dubna, Moscow Region 141980, Russia
*Department of Physics, Osaka University, Tovonaka 560-0043, Japan
! Japan Atomic Energy Agency (JAEA), Tokai, Ibaraki 319-11935, Japan
mRIKEN, Wako, Saitama 351-0198, Japan
" Department of Physics, University of Tokye, Tokye 113-0033, Japan
¢ ITEP Institute of Theoretical and Experimental Physics, Moscow 117218, Russia



http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Japan.svg
http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Italy.svg
http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_South_Korea.svg
http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_the_United_States.svg
http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Russia.svg

Pentaquark search

Pentaquark ®*

* Genuine exotic hadron (uudds®®") |
* M=~1540 MeV/c? (decay ®" = KN) 6

<

Historical background

« O"pentaquark was first predicted by Diakonov et al. in 1997.

*  SPring8/LEPS group reported the evidence for ®*in 2003.

 Dozen experimental groups published supporting evidence for the ®*,
 followed by a number of experiments with no evidence.

Situation is still controversial ...




Physics Motivation

* Distinctive feature of ®* pentaquark

Narrow Width (<afew MeV)
— Need some mechanism to suppress decay.

i
e

Meson-Baryon molecule Diquark structure

(Need quark rearrangement for KN decay)

R.Jaffe, FWilczek (2003)

Usetul tool to understand low energy QCD dynamics !!



http://rd.yahoo.co.jp/blog/gallery/image/main/*http:/blogs.yahoo.co.jp/jcsop2/GALLERY/show_image_v2.html?id=http://img5.blogs.yahoo.co.jp/ybi/1/33/c5/jcsop2/folder/426862/img_426862_7229785_0?1349345008&i=1
http://hannnya.blogzine.jp/.shared/image.html?/photos/uncategorized/2009/06/28/j0432537.png

Our Approach (J-PARCE19)

1. Pion induced reaction

T+p2K+O
— Complementary to photo-production (LEPS/CLAS).
— Expect sizable production cross section. => High statistics

Previous experiment
2. High resolution missing mc 3 ol

- (a) Fitting results
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Our Approach (J-PARCE19)

1. Pioninduced reaction |[m+p=2K +@"
— Complementary to photo-production (LEPS/CLAS).

— Expect sizable production cross section. => High statistics

2. High resolution missing mass spectroscopy
— K1.8 beam line & SKS = AM < 2 MeV (FWHM)

\_> Conclusive result by higher sensitivity !




Experimental setup

J-PARC K1.8 s

Dedicated to the (m,K) reaction spectroscopy

m beam

1.92/2.00 GeVr 8



History of E19

Comment Beam
Momentum

2009/10 ~ K1.8 beam line & detector
commissioning start

2010/10-11 examine the 2.6c bump
1st RUN structure observed in E522

2012/02

2nd RUN

Shirotori et al., PRL 109, 132002 (2012).
* O Peak was not observed.
This presentation « We concluded that E522 bump was not the signal
by 10 times higher sensitivity. 9




Note on ®* decay width

Theoretical calculations :
T. Hyodoetal., PRC 72, 055202 (2005),
PTP 128,523 (2012).

IP=1/2* T, = IMeV

(l)s-channel

(2)t-channel

v' s-channel dominance

> g g%kne < O

* Higher beam momentum
provides higher sensitivity.
> 2.0GeV/c
( = Max. of K1.8 B.L.)
v' Even if no peak, stronger
constraint on the ®* decay
width will be obtained.

4
I
|
— PV Fs 500MpV
--2=PV Fc 1800eV N
Pip=2.0 GeV/c.;
N o
b
 Piap= 7 ]
1.92 GeV/c ‘
EFF&::I:I%:@@:%:.:.@:@
1800 2000 2200 2400 2600

sqrt(s) [MeV]



Result of the E19-2nd run



‘ Example of analysis 1

SKS spectrometer

> SKS system : p,

Scattered particle M2

PID counters L L H N L LA A
— Timing counter 1000 N
— Aerogel Cherenkov (K/m) : n=1.05 i ]
— Lucite Cherenkov (K/p) : n=1.49 aool b
Tracking i
—  MWDCs : 3 mm pitch . p ‘
— DCs : 10 mm pitch, 2m X 1m size We can soof
separate only K | K
SDC4 very clearly. 400} TE ‘ -
7 i A, | f ]
é/:;( 1L _.-P)Il |l'-u-. -l'll 1"'w. d | ] _|_.-'J | ﬂ'f""ﬁ"“‘
l//: -%.2 H 0.2 0.4 0.6 08 1
T M? [GeV?]
Good momentum
reconstruction and PID !!
LH2 Target
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‘ Example of analysis 2

Vertex Reconstruction

@
o .
i)
D
(@)]
S
|_
AN
I
-

T

$67.8 X 120 mm

s Y) s000 PR T T T LT
P R _.' ' _'_ R | i Vertexdz ! “l]' LH2 target
L T T ! —_— |

=
1 N

Vertex-(X v
B0

= F Sl

—

40==

20

e, T
Consistent with [ e
horizontally
oblate beam

shape.

e A1 . | | | | ]
20E e RSNy v L ) p000 [ Window. . f ﬁ fowindow...... ]

wix "'_'l'f‘-lf\—_p-__: _ H“_r_,;.fl ;..: Ul g i "-l

| P |'| i |- |. -l 11 -:fryi-'-'l'"q"_"‘:“:]:h“l"mn- 2
-300 -200 -100 1] 100 200 300 400
Vertex-Z [mm)]

Target cell is clearly identified !! 13




Consistency check with previous exp.

2t Missing Mass
nt+p-> K +2Zt @ 1.37 GeV/c

vV tt+p>K+It @1.37 GeV/c R A A =
v’ Missing mass resolution: ézzzgpre"mmaw /" ||
Al\/lZ = 1.92 MeV (FWHM) 32502_ . 1 AM =192 _§

— Equivalent to the 1st run. 200 2 | | £0.05 MeV

150 || ]

Cf) 1.86£0.08 MeV @ E19-1st ook a _:

g | E

AM, = 1.74 MeV (FWHM) N

1175 1.18 1I.185 1.19 1.195 1.2
Missing Mass [GeV/c?]
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Consistency check with previous exp.

vV Tr+p>K'+3t @ 1.37 GeV/c

v' Missing mass resolution: ;%
AM; = 1.92 MeV (FWHM) *
— Equivalent to the 1st run.

Cf.) 1.86%0.08 MeV @ E19-1st
AMg = 1.74 MeV (FWHM)

v’ Differential cross section

— Almost consistent with 1st run

and reference data.

— Good understanding of
efficiencies and acceptance.

> Differential Cross Section

200

100

nt+p-> K +2Zt @ 1.37 GeV/c
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Consistency Check = OK
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Counts / 1.0 MeV/c?

Analysis Result of E19-2nd run

T+p>K+X @p,_ =2.0GeV/c
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* No peak structure was observed.
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An example of fitting result @ 1.535 GeV/c?
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* Upper limit on differential cross section averaged from 2 to 15 deg:

<0.28 pb/sr @ 1.50 — 1.57 GeV/c?
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Upper limit on decay width

e Considering about theoretical uncertainty (coupling
scheme and form factor), we chose the most
conservative case as the upper limit.

Upper Limit on I for JP

e . e 0.61 MeV for %+
e 3.7 MeV for Y-

2
I'9> Jkne O

T. Hyodoetal.,, PTP 128, 523 (2012), ( Preliminary )
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Summary

 J-PARCE19is a pentaquark ®* search experiment with
high statistics and high resolution.

- p - K O*reaction
J-PARC K1.8 B.S. and SKS

* New result of E19-2"d run was presented.

Consistency with the 1% run was checked. = O.K.
®* missing mass resolution of 1.74 MeV was evaluated.
No peak structure was observed in MM spectrum.

Upper limit for ®* production cross section was obtained to be
0.28 ub/sr @ 1.50 — 1.57 GeV/c?

This corresponds to upper limit on ®* decay width of 0.61 and 3.7
MeV for JP = %2+ and Y-, respectively.
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