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What is Pentaquark?

Irreducible 5 quark state
contain an anti-quark different in flavor than the 4 quarks

The ®* : uuddsbar

Diakonov et al. Jaffe, Wilczek
M=1530 MeV, ['~15 MeV

Meson /

Fields (qgbar)

Approach quark dynamics at low energy



Discovery of ®* baryon
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Experiments with positive evidence
Better statistics is needed
(significance ~ 5c)




Negative Results

2

L+
z
&

£ 22000

- a)

e Vg™
)
E=1
=1
=

2t 11 BES

T ] 3
s ] MW# 2
o = 18000F é 3 2 0 Bl - 100 - i FU‘
= c1g000f 1*;' i 3 ﬁ Hﬁ' u‘ Y TH}‘ f
i H1a0mf + 3 Zem| ¢ mﬂ 10
1k 5 54 | ; E ol
DI I = S I T d %5“ g P+
= BABAR] *"f S o B
= L] 3 [ 4
o B 3 0 | 14 1.475 1.55 1.625 1.7
] e E * LEP pK mass, GeV
I}I z e | .th 14 143 1.5 1.5% 16 0 s i I': T T (;u\"fé: sl =
MK pl (GeYjc) {PL;I Mass [GeVie ] FaE ) ) 7 |anl: |H
400 | sl i {HH
- = T s
= + -I-'I-I"I:I.-l- .I. +-H- I'.:I'I Data s g}- aool . ;_.:i_i__;!r‘_.‘" ﬁ-{.h
SDG :_ -|-+ +++ ++ + 2000 A 16 E 51!';:1:” ] IH
- .|.'|"|' = 16309 £ 510 300} or t
200 4 Jf o e |
E 4 1000 o r,"( : CDF .
— o :\srpu'”«:aw‘—!'“ B
100 = I SF)IHIN>I< HyperCP -L‘L., — 100 g') sTaevid]
M| 111 111 111 . ™
14 15 1.6 17 1.8 'Jms'jwﬁi@f D ™7 0 5
M{I}KS:I: GeV 5, SS0E ' (4]
o o ol Rl Y Vil T . MK~ PHENIX PRELIMINARY
= : IE n e T d+Au 5 = 200 GeV
§ cooo = 2 b . I 9 amf ; Centrality>30%
- FOCUS EY pEe oo
lllllll 150 Ao E— — mixsd Evon big
100 =
s 50 : ook : sof-
| Ratatal - [ .1 5 i 1 55 i 15 I 1 Eﬁ 1 ui I |
] 1.8 =2 = 1.4 15 1& 1.7 1.8 1.9 3
DACPTSD - myge [GeV /e Invariznt Mass Geic*2




Negative Results

IExp. v S(Epeam) Reaction Upper Limit
BES 3.7GeV ee > Jy > 00 <1.1x10%B.R.
BaBar 10.58GeV ere” > Y(4S) > pKOX <10 x 104 B.R.
Belle 11GeV e‘e > BB > ppK°X <2.3x107 BR.
LEP 198GeV e'e” > Z > pKoX <6.2 x 104 B.R.
HERA-B  |41.6GeV pA > K9pX <0.02 x A"
SPHINX 11.5GeV pC > KOO*X <0.1xA"
HyperCP (8006GeV) pCu > K%X <0.3% K%
CDF 1.96TeV pp 2> K%X <0.03 x A"
FOCUS ~300GeV yBeO > KX <0.02 x ¥
Belle (~0.6GeV) K*A > pKO I' < 0.64 MeV
PHENIX 200GeV Au + Au > K'nX -

BaBar 9.4GeV eBe = K%X -

CLAS-d  |08-366eV |vd > pKK'(n) 3nb for yn
CLAS-p <3.8GeV vp = K°KN 0.8nb




New Negative Results : yp—K°O*
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The result puts a very stringent limit on a possible production
mechanism of the ®*; it implies a very small coupling to K*.
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Positive Results

IExp. Energy(/ s) |Reaction Mass Width | o

LEPS <2.4GeV vC > KK'(n) [1540+10 |<25 (46

DIANA |[<750MeV/c |K'Xe >K%X |1539+ 2 [<9 4.4

'l AcCc_A 1 50_2 0/ ~\/ AN -+l 142 . &R ». 21 |~ |

(B AT Ly | 1. JO7I.00UCY {4 7 |JI\ Ny 14J7T7TC U J NGl .

SAPHIR 1<2 8GeV/ p=>KOK+(n) 11840+ 6 (<25 148

ITEP 40GeV vA > K%X 1533+ 5 (<20 |67

CLAS-p |3-5.476GeV vp 2 ©wKK'(n)|1555+10 |<26 |7.8

HERMES | 27.6GeV e’d > K%pX 1528+ 3 [13+9 |4.2

ZEUS (300,318GeV) |e'p > e KX [1522+ 3 | 8+4 |4-5

COsY 2.95GeV/c pp 2> K%pZ* 1530+ 5 |« 18 4-6

SVD 70GeV/c pA 2> K%X 1526+ 5 (<24 |56

BaBar (10.58GeV) eBe—>K%X eaqt sults challenaing th
— egative results challenging the

CLAS-d ]0.8-3.66eV vd 2 pK'K*(n) above positive results.

CLAS-p |<3.8GeV vp = K°KN
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Best Positive Evidence
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®*+ Search in meson-induced reactions

v Can the “positive” low energy results be reproduced?
— better statistics is needed.

v How far can we restrict the width to?
 the width appears to be very narrow. ~ 1MeV.

v Spin and Parity - width

hadronic reaction

Since we already know that the K* coupling is small,
the possible production mechanism will be clarified in the
following meson induced reactions.
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KEK-PS E522 : n p>K-X
If exist

° + . B - .
®* search via t-p—>K~X reaction 0. =1.92 GeVic

e beam momentum : 1.87, 1.92

Gevic ¢ o (i
. target : Polyethylene e e P . S
 intensity : 3.3 X 10° «~ /spill 8 :E“f“ﬂ;’l‘” S (g
* net beam time : 32 hours for E ¥y

~ 9 - - e
each momentum 2> ~7 X 10° «t we o TSIN=2Bet
"o 199 by Residual plot T B PR
a bump was observed T o TEE
at M =1530.8MeV/c2 I T L T .
a.t pn:1-92 GeV/C -109.?3 1.135 1.14 1.4115 1.15 l.i‘-'>5 1.16 l.éS 1.7

Missing Mass(GeV/cz)

but : S/N = 2.5¢
upper limit : o, = 3.9ub do/dQ = 1.9 ub/sr
=2 Oyt = 2.9 ub
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KEK-PS E522

 Theoretical calculation with effectlve Lagrangian
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KEK-PS E559 : K*p~n*@®*

®* search via K*p—>n*X R |

reaction o]

— K6 beam line + SKS w . I'=2.0Me\
spectrometer |

Excellent missing mass " |

resolution T i T

_ 2.4MeV (FWHM) expected TT *(0.5~0.6 GeVic) /..,

— Checked by n*p—)K*Z* SDC‘? Range Counter

Decay event suppression % < fr

— Rejection of 3 body decay 1o B A ot
of K*is crucial N BHz&\BD

— Large acceptance
chamber

— Range Counter
T *veto

LH, target



Missing Mass spectrum (Ktp—nrtX)
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Impact on ®" production mechanism

| [ | L | L | L
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e Calculation with effective Lagrangian
i If gK*N® ~ O,
— (K*,m") reaction = u-channel
backward peaking .
— (n~,K") reaction > s-channel : sizable ° %, (d‘-‘;‘;reel}?’S 180
Y. Oh et al. PRD 69, 074016




J-PARC E19 experiment

 natural expansion of E522 (rp2>KX@K2)

» ~5 times better resolution : ~ 2.5MeV FWHM with SKS
— 10 times better S/N

» 100 times larger yield : 1.2 X 10% ®* with 20 shifts

» expected sensitivity (lab) 75nb/sr T < 2 MeV - o, ~112nb
150nb/sr I' = 10 MeV
* momentum dependence of cross section : p_=(1.87,1.92,1.97GeV/c)

- Goal -
confirm ®* existence with high statistics



J-PARC Facility

Hadron Beam Facility

Materials and Life Science
Experimental Facility -

- he

Nuclear
Transmutation

‘ J- PAR(., Japan Proton Accelerator Research Complex




-Hadron Beam Facllity
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J-PARC E19 Collaboration

RIKEN M. Naruki

KEK S. Ishimoto, T. Maruta, Y. Sato, S.
Sawada and M. Sekimoto

Kyoto Univ. S. Dairaku, H. Fujimura, K. Imai, K.
Miwa, Y. Nakatsugawa, N. Saito

and K. Tanida
Osaka Univ.  S. Ajimura
RCNP M. Nilyama

Tohoku Univ. H. Tamura

Univ. of Tokyo H. Fujioka, D. Nakajima and T.N.
Takahashi



Experimental Method

CHMB8e8#Eon layout of K!.8 _(Mav.2 GeV/c) m

T

K1.8 beam line + SKS

2GeVicm+p 2 K+ OF
target : liquid H,, reuse E359's

o,
K- : scattered angle < 40° L SO 2 L
HSERENKOV T | = v =l
momentu m u p to O ) 9 GeV/C ;fﬁ?{%goo < \\"\\? S | ra {“( ll If
L o0 wevie I Z |
"-.,I_E()O Ee_\m;,,d N _

SKS : momentum coverage : 0.7- o= —
0.95GeV/c ZE i [ background producton
angle coverage < 20° 5
Pecattereq UP t0 ~ 1.1 GeV/c s
dp/p ~ 0.2% @ 1GeV/c :
(~10 times better than KURAMA) 3

1.2

ideal for ®* detection B a0 ag s ooy 1T



Missing Mass Resolution
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Expected Missing Mass Spectrum

—— ¢ production

Looo0 1.9ublsr ~ ——— A(1520) production

Q
=8000
w

§7000
significance : 62c
assuming

I' < 2MeV

c =1.9ub
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046 148 15
main contributions come from;

d: én 2> K*Kn 30.0+8.0 ub
A: A(1520)K° > K-K°p 20.8%+5.0 ub

phase space : K-KN 26 ub



Expected Yield & Sensitivity
 yield

— beam pions :160 hours beam time - 4.8 X 10! r for each p,
— SKS acceptance : 0.1 sr

— analysis efficiency : 50%

— Kdecay : 50% < TOF 4.7m

— 1.9ub/sr @ p,=1.92GeV/c €« E522

> 1.2 X 104 events

e background
— 0.8 ub/sriMeV @ 1.530MeV for proton target < E522
— momentum flat

- 5.0 X 10° counts/MeV

—_— =

statistics sensitivity
6206 I' < 2 MeV 75nb/sr T'< 2 MeV
48¢ I =10 MeV 150nb/sr I =10 MeV



Summary

e E559 experiment searched for ®* in (K*,zt*)
reaction but observed no peak structure.

— we set an upper limit of 7.1ub and 1.9ub/sr at 90% C.L.

 E522 experiment searched for ©* in (n-, K°)
reaction and observed bump structure around
1.53GeV with statistical significance of 2.5c.

 J-PARC E19 experiment was approved to search
for ®* Iin (77, K).
— K1.8 beam line + SKS is ideal for ®* production
— s-channel production at low energy
— hadronic reaction - high statistics
— with high mass resolution; 2.5MeV(FWHM)



strategy to read the conclusion

photo-production
— yn2>KO*
— yp=21tK-K*(n)

meson induced reaction

— 1 p2K0O* J-PARC
pp collision
_ pp 9 Y+E+ COSY

— baryon fragmentation?

formation process

— Kn 2K J-PARC

Spring-8/J-Lab
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