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J-PARC E19 experiment

Pentaquark ®* search experiment
with high statistics and high resolution




J-PARC E19 experiment

Pentaquark ®* search experiment
with high statistics and high resolution

Pentaquark ©*
* * Genuine exotic hadron (including a s®2" quark)
6 -y « M="~1540 MeV/c? (decay ®" - KN)
4 e T < afew MeV
.‘i# “‘.
Extremely Narrow Width W @
=» Quark (gluon) dynamics in a hadron &J O

Diquark structure
R.Jaffe, FWilczek (2003) 4
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J-PARC E19 experiment

Pentaquark ®* search experiment
with high statistics and high resolution

T+p2 K +0O

v Pion induced reaction

— Complementary to photo-production (LEPS, CLAS etc.)
— Expect sizable production cross section.



J-PARC E19 experiment

Pentaquark ®* search experiment

with high statistics and high resolution

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

High sensitivity for the ®* search



Experimental setup
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History of E19

Comment Beam
Momentum

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

2010/10-11 examine the 2.66 bump
1St RUN structure observed in E522

2012/02

2nd RUN

Shirotori et al., PRL 109, 132002 (2012).

This presentation




®+ decay width

T A # K_
\\ gKN@ z/

A Y #

P —D—\0—>@=.= O+

Tl
v" s-channel dominance

2
® ['5C 0°%kne € O

* Higher beam momentum
provides higher sensitivity.

> 2.0 GeV/c

( = Max. of K1.8 B.L.)
v’ Even if no peak, stronger
constraint on the ®+ decay
width will be obtained.

Theoretical calculations :
T. Hyodoetal., PRC 72,055202 (2005),
PTP 128,523 (2012).
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Analysis result of the 2nd run



Analysis Strategy

1. Consistency check with 1st run
— mw+p2>K+Z @ 1.37 GeV/c
— Same reaction and same momentum with 1st run.
2. Calibration for 2nd run
— mw+p>K+2 @ 1.45GeV/c
— Same K momentum as ®*run @ 2.00 GeV/c

— Evaluate ®* missing mass resolution.

3. O run analysis



Consistency check with 1st run

2t Missing Mass
r+p->K+2X @1.37 GeV/c

V tt+p>K+It @1.37 GeV/c L g e =
v’ Missing mass resolution: %zzzgpre"mi”aw (" | [ e
AMgy : 1.92 MeV (FWHM) gzso:— . i || AM = 1.2 -

— Equivalent to the 1st run. 20f 2 | | *+0.05Mey

150 || ]
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Consistency check with 1st run

2+ Differential Cross Section
r+p->K+2X @1.37 GeV/c

vV tt+p>KH+Zt @ 1.37 GeV/c
v' Missing mass resolution:

AM; = 1.92 MeV (FWHM) B 6
— Equivalent to the 1st run. e o o S e
Cf) 1.86+0.08 MeV @ E19-1st aoof- == o ]

v' Differential cross section N S SR R FUE DR U DR TR OO PO
0 2 4 6 8 10 12 14 16 18 20

— Almost consistent with 1st run Scattering Angle (Lab) [deg.]
and reference data.

— Good understanding of :
efficiencies and acceptance. Consistency Check =» OK

A R D R E N R I N B
; : : ' ' —— E19 2nd run
¥~ E19 1strun -
—&— NPB226,1(1983)

500 |-

do/dQ [pbisr]
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Calibration for 2nd run

® T +p>K+2 @ 1.45GeV/c
® Missing mass resolution:
AMy = 2.27 MeV (FWHM)

2~ Missing Mass

® Evaluate ®" missing mass resolution.
® T +p>K+0O" @ 2.00GeV/c

AMg = 1.74 MeV (FWHM)

T +p->K+2Z @ 1.45 GeV/c

%?UD T T T T
% 600: Elg-znd Iﬁ' *  nel 17.27/ 5
= - Preliminary 7 | constan 654,81 15.7
o B {1 Meaan 1.204 + 0,000
— 500 Sigma  0.0009628+ 0.0000194
j2] B
= - | ]
3 400 - | AM =2.27 ]
&) | 8
g | +0.05 MeV
300 ’ .
200 |
100 ! ]
D:" 1. = ;'I | S TS ]
1.195 1.2 1.205 1.21 1.215

Missing Mass [GeV/c?]

Cf.) AMgy = 1.44 MeV @ E19-1st
This is affected by increase of beam momentum (1.92 = 2.00 GeV/c)
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Missing Mass of ®* run

T +p>K+X @p_=2.00GeV/c
E19.-2nOI | | | | : :
Preliminary

o
=
=

.t 1 1 1 t 1 ) )

400
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Missing Mass [GeV/c?]

v No peak structure was observed in ®* run.
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After
acceptance
correction

Cross Section
averaged over 2 — 15 deg.

<G>, 5. [LD/ST/(1.0MeV/c?)]

Missing Mass of ®* run

T +p>K+X @p,_=2.00GeV/c

1 | L L I L L B L I oo T T
0.9 = E19-2" j j :
0.8 = Preliminary =iz

: g : _ _
0.4 }Hﬂ}wi

- L ‘I ‘I N

|

oy o vy s oy oy oy oy by s by e B
?.42 144 146 148 15
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152 154 156 158 16 1.82
Missing Mass [GeV/c?]

For upper limit, use 1.50 -- 1.57 GeV/c? as flat
acceptance region.



Upper limit for ®* production cross section

An example of fitting result @ 1.535 GeV/c?
1""1""""'""""""""""""

Fitting function

o
o

mz N
L i
> i
R | Ji e Signal: Gaussian
% 06k 4 JHHj H%r with fixed width of
g O
= pryEt 1.74 MeV
2 0.4 b K20 678165 er] ¢ B.G.: 3™ order pol.
M : H H
E B M=1. SSEGeWc {ilxed] : : ; :
= I =1.74 MeV/c? (fixed) L
0.2 = Area= 01ﬁa+ ﬂﬁ??pbfs}' """""""""""""""""" g
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Missing Mass [GeV/c?]

» Search mass region from 1.50 to 1.57 GeV/c?.



Upper limit for ®* production cross section

Fitting results of each mass and Upper limit (90%C.L.)

=
w

— Upper Limit (90%C.L.)

(do.
=
|IIII|IIII}IIII}IIII|IIII1IIII

S
e = e
e L

|IIII|IIII[IIII[IIIIIIIII]II

1.5 1.51 1.52 1.53 1.54 1.55 1.56 1.57

Mass [GeV/c?]

-0.3

0 Upper limit for differential cross section averaged from 2 to 15 deg:

<0.28 pub/sr @ 1.50 - 1.57 GeV/c?

Cf.) E19-1st: <0.26 ub/sr @ 1.51- 1.55 GeV/c?
» Difference comes mainly from evaluated M.M.Resol. (1.44 = 1.74 MeV )




Summary

 J-PARCE19 is a pentaquark ®* search experiment with
high statistics and high resolution.
— 1 p = K ®*reaction
— J-PARC K1.8 B.S. and SKS
* E19 2nd run result was presented. (@ 2.0 GeV/c beam)
— Consistency with 1st run was checked. = O.K.
— O 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 pub/sr @ 1.50 - 1.57 GeV/c?

v Next

— Compare theoretical calculation.
— Derive new upper limit for ®* decay width.
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