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Introduction

Pentaquark ®*

* made form five quarks (qqqaq)

— allowed combination by QCD. |
* No convincing experimental evidence before 2002,
— despite many searches in particle phys. exp.

* |n 2003, SPring8/LEPS group first reported the evidence
for O,

— including s. - At least 5-quark components.

* Dozen experimental groups published supporting
evidence for the O,

* followed by a number of experiments with no evidence.



A Lot of ®* Searches

Group Reaction Mass Width Statistical
(MeV) (MeV)  significance (o)

LEPS vC — KTK~(n) 1540 £ 10 <25 4.6

LEPS 7C = K"K (n) 1524 + 2 <25 5.1

DIANA KtXe— f\’EpX 1539 + 2 <9 4.4

DIANA K Xe — ffgp)( 1538 =2 0.3940.1 8

CLAS(d) ~1d— K*K p(n) 1542+5 <21 (5.2)

CLAS(p)  p— m*K+K—(n) 1555+10 <26 7.8

SAPHIR p — f\"KEnX 1540 £ 6 <25 4.8

ITEP vA — K—Epﬁ' 1533 £ 5 <20 6.7 .

HERMES  e*d — K0pX 1598 £3 1240 19 Negatlve results

COSY-TOF pp — KE}JE_ 1530 £ 5 <18 4.7

ZEUS c'p— KX 152243 844 16 : —

NOMAD  vA — K%X 1520 +3  2~3 43 | Group Reaction Limit i

SVD pA = KopX 1526+5 <24 5.6 ggg e é/(‘zl’ 9)_* 9% 0 é}l X ig_; g'g Eggﬁ gi%

. _ 0 v £ oy - ) ? eTe — o) — < 0.4 X - Baw A ULl

SVD pd — K.pX brsxs =4 50 | ALEPH ete~ = Z — pKIX <6.2x 10~ BR. (95% C.L.)

BarBar etem = T(4S5) = pK’X < 1.0 x 10-* B.R. (90% C.L.)
43 " BarBar eBe — pK_EX not given
Positive results Belle ete= — BYBY s ppKOX < 2.3 x 10~7 B.R. (90% C.L.)

Belle K*n — KX T < 0.64MeV (90% C.L.)
CDF i — KX <0.03 x A* (90% C.L.)
SPHINX pC — K'pX < 0.1 x A* (90% C.L.)
HERA-B  pA — K'pX < 2.7% x A* (95% C.L.)
HyperCP pCu — K% X < 0.3% K%
FOCUS  ~7BeO — KX <0.02 x X* (95% C.L.)
PHENIX dAu — K—nX not given
WAS9 YA = KX < 1.8ub/A (99% C.L.)
CLAS vp — K'K+n < 0.8 nb (95% C.L.)
CLAS vd — K pK'n < 0.15 -3 nb (95% C.L.)
CLAS vd — KtnA <5—25mnb (95% C.L.)
COSY-TOF  pp — S+pk® < 0.15ub/A (95% C.L.)
NOMAD vA — I{EpX— < 2.13 x 10~-3vCC (90% C.L.)




A Lot of ®* Searches

Group Reaction Mass Width Statistical
(MeV) (MeV)  significance (o)
LEPS 7O SK'K (n) 1A0£10 <% 16
LEPS vC = K*K-(n) 1524+2 <25 5.1
DIANA K+Xe . . .
oana — k:xe v Not well established in experiments
CLAS(d)  ~d — h
CLAS(p) P — “« o o
sarm won D “Must confirm the existence/non-existence
ERMES (L O at first e results
HERMES  e*d — I f » N
COSY-TOF pp — Kep ° atji !
ZEUS etp—etK%X  1522+£3 844 46 : —
NOMAD  vA — K%X 1520 £3  2~3 43 | Grouwp Reaction Limit .
oot AZEy il G i [ otoymee i
0 ete . R. v C.L.
SVD pAd = KopX b5 =l 50 | ALEPH  ete — Z — pKOX < 6.2x 10~ BR. (95% C.L.)
BarBar etem = T(4S) — pKOX < 1.0 x 104 B.R. (90% C.L.)

LONUVENEN V| ow energy hadronic reaction (7 or K beam)

=)

* Few data

» Expect sizable production cross section.

* Complementary to the photo-production.

. (90% C.L.)
0% C.L.)

) C.L.)

CL)

% C.L.)

6 C.L)

YyaoJd S & S I\SPA

CLAS vp — K'K+n
CLAS vd — K pK*n
CLAS vd — K nA

COSY-TOF  pp — S+pK?
NOMAD  vA — KX

= L.OpD/ A JI7 CL)

< 0.81nb (95% C.L.)
<0.15—3nb (95% C.L.)
<5—25nb (95% C.L)

< 0.15ub/A (95% C.L.)

< 2.13 x 10~3»CC (90% C.L.)




Experiment

®* search by high-resolution spectroscopy
viam +p > K +0*: J-PARC 519

— GaUSSAN peak+cUDIc B.G. I

Previous KEK-PS E522 experiment

"§ 7oo - (a) Fitting results - cubic B.G. anly
. . ot = 16.5/28 | ! !
— Is this a sign of O@*? % m_,‘,,ms,&zmwca J
=>» Not enough sensitivity 8 soof =08 7} Mevic® D Tt ol
: : liwg et a
=>» They did not conclude the evidence ‘°°; " * N ++ PLB 635 72
of O+, 0oL i i
g » 260 !
_ mass resolution mé_. :, N o.
AM~13.4 MeV (FWHM) s L
"3 135 14 145 15 155 16 165 1.7

Missing Mass({GeV/c")

J-PARC E19 experiment
— same reaction as E522

— High statistics : High intensity beam at J-PARC

= Conclusive result by higher sensitivity.
The first physics run at the J-PARC hadron facility ! 6




Experimental setup

K1.8 beam line spectrometer & SKS

= Missing mass spectroscopy

> K1.8 beam line spectrometer: p_

PID counters

— Timing counters : TOF

— Gas Cherenkov (mt/e) : n=1.002
Tracking

— MWPCs : 1 mm pitch

—  MWDCs : 3 mm pitch

> SKS system : p,
PID counters
— Timing counter
— Aerogel Cherenkov (K/m) : n=1.05
— Lucite Cherenkov (K/p) : n=1.49
Tracking
—  MWDCs : 3 mm pitch
— DCs:10 mm pitch, 2m X 1m size

» Target: Liquid hydrogen
—  ~0.86 g/cm?
— Free from Fermi motion effect

SKS system

Timing counter

Ch kov t
erenkov E?;i ers / SKS

"_:—m L |

K|
Drift 2. _Target (LH2)
chambers

1T
5 il

m . Q Timing

counter

Gas
Cherenkov MWPC(C’s

counter
/ Q NN
—

r@&& .
Tlmmg counter

K1.8 beam line
spectrometer
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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

Successful completion of both 15t and 2" run \




1st run result of E19

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

T+p—-oK +X@1.92GeV/c

NU C B -
S ool " Tp—K O
2 [— "background - _
@ [ (sim) \ K,
E I \ y
3 200 \ y
& i | \\\ 7

I i - PG W 7 T

. — < "r

1001 * f p N &)

- i m\k (1) s-channel

I~ }

Qi e ———g = —— 7 v s-channel dominance

Missing mass [GeV/c’] v I'g©< gZKN@ & Otot

_ => Upper limit of decay width
* No prominent peak structure

* Upper limit: < 0.26 pb/sr e 0.72 MeV for v+
@ 1.51-1.55 GeV/c? e 3.1 MeV for %-
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2nd run of E19

 Beam time: 2012/Feb
* Higher beam momentum

2.0 GeV/c (=Max. of K1.8 B.L.)
* Expecting increased cross section

= higher sensitivity

=» Stringent restriction
on the ®* decay width.

Theoretical calculations :
Hyodo, Hosaka, PRC 72, 055202 (2005).

4 IP=1/2* T, = IMeV
| A |
|

|
— PV Fs 500MEV

...-PV FC 18001/1€V
Piap=2.0 .,

P

e Y

1800 2000 2200 2400 2600
Sqre(s) [MgV]



Analysis status of 2" run

K1.8 Beam spectrometer |ecmvomentun

ARARSRALE RRRIRARRRRRE RARRRARE
R ’I-
. - f‘
> K1.8 beam line spectrometer : p_ =0t ‘ \ ;
PID counters 3000f- .
— Timing counters : TOF 2500 £
— Gas Cherenkov (rt/e) : n=1.002 Beam mom. of | E
Tracking 2 GeV/c is well m; 2 e l C ]
— MWPCs : 1 mm pitch reconstructed. 1500F |
— MWNDCs : 3 mm pitch 1000f f I |
- ]
v o J i
LH2 Target Beam Spectrometer TR R R TR T T

Drift Chamber
(SDC1) Pgeam [GeV/c]

Begm TOF
o

1o00f —
8001 .

Beam Drift Chamber3
(BC3)

MWPC1 - ]
ae) 2 ) 7 is clearly identified “m‘ g
using TOF btw 2 sets  anof J’ l
of hodoscopes b __,f’{,,.,,},x_ Ll
5 4 3 2 - i} 2 3 4

5
Beam TOF[ng) 11



SKS spectrometer

> SKS system : p,

Scattered particle M?

PID counters L N L B A
— Timing counter 1000 -
— Aerogel Cherenkov (K/m) : n=1.05 i 7
— Lucite Cherenkov (K/p) : n=1.49 aool b
Tracking -
— MWDCs : 3 mm pitch . p ‘
— DCs : 10 mm pitch, 2m X 1m size We can soof
separate only K | K
SDC4 very clearly.  4o0f- T ‘ -
N 0l [ ]
7 i A, | f ]
gL~ R R A S T AR
////‘ C -0.2 H 0.2 0.4 0.6 0.8 1
18 ’ M? [GeV?]
‘ Good momentum
7.-——SDC2 reconstruction and PID !!
\
LH2 Target D \Spectremeter

Drift Chamber
12



Vertex Reconstruction

o
U .
)
D
(@)
<
|_
AN
I
-

T
$67.8 X 120 mm
Vertex-(X vs Y) Vertex-Z
60— RN RN R R ERAREE R RS RN
- Beam I :

A0f—=- 5'DD|}_— _> o

20" 4000 R
Consistent with o= : 3000 .
horizontally P, : |
oblate beam 20 2000 Window ‘ window ]
shape. i

-4[?- HIH}-— / ]

: ] - i -':L'II -IH”LI ]
_,E{E;}l 1 | T |. 1 '.I .--.I'-I- | L LTI | 1::Ill_._._._._I_._.,—'-~-ﬂ|-”|"T.- ol by [ :T“I*-'.—?'r""'-q_._.. |
- 40 -20 0 20 40 60 -400 -300 -200 -100 H 100 200 300 400

Target cell is clearly identified !! 13



Performance of the spectrometers

2t Missing Mass

Calibration

* Tr+p>K+It @ 1.37 GeV/c % zzz E19-2nd :
 Missing mass resolution: o 2t
AM; = 20 MeV (FWHM)  £2% _ g
Equivalent to the 1st run !! s} ] :
Cf.) AMy= 1.9£0.1 MeV @ E19-1st 100" | -
= estimate ®* case: 50:_ | ;
AM, = 1.75 MeV (FWHM) | T
* Yield estimation (rough): R 1'185ws;i}3§ Ma;;[gC?eWc;‘]E
Almost Consistent with the 1st run ! I' =2.02%0.06

Enough performance !!
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Preliminary result of E19-2nd run

MissingMass : p (", K) X @p_=2.0GeV/c

Lo
)
o=

w00 | E19-2nd

250

200

Counts / 1.0 MeV/c2

150

100

n
=

1 I 1 1 ] I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
1.56 1.58 1.6 1.62
Missing Mass [GeV/c?]

'_

=0
$|_||||||||||||||||I|||||II|IIII
=
m_
) |
R
g

Analysis parameters were not finally tuned yet.
No clear peak structure was observed.
Efficiency evaluation is on-going.

Tentative expected sensitivity ~ 0.3 pb/sr.



Summary

 J-PARC E19 : High-resolution search via m~p - K~ ®*reaction
— The first physics experiment at the J-PARC hadron facility !

— 1% run result was published in PRL. (@ 1.92GeV/c beam)
* More than 10 times higher sensitivity than E522.
* Noclear ®" peak -> <0.26 pub/sr
e Strong constraint : I' < ~1 MeV

e 2" run was successfully carried out. (@ 2 GeV/c beam)
— Good performance of both K1.8BS and SKS.
— No clear Ot peak (preliminary)
— Efficiency evaluation etc. are in progress.
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