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PO TVRVDT, 74—27 LWZITEHPLME D R2OTT IS, FUETILE—T, Z
NBREIRO>TNDBNEND Z EEHFE L2V, KT current quark ¢ mass 1%, Higgs mechanism
T generate &4, hadron 727> T QCD @ interaction (724>, spontaneous (< chiral symmetry
PN &, £D30EULED mass BEZXBND. £IVIEMRAD =X LIZOVTIE, (77
DPOTHRY., £I9WVH L AL, ERIZISTHLNIL T ZEIITERVNENWS & 2
A%, BT LIZATY.

Quark confinement Spin 3/2: the baryon decuplet

Baryons (3=3/2)
Y

e o | o o 2022 s=o>

, 5+ (1385) S=-1
= — oo o
999 qq I Each unit of

e | & E(1533) S5=-2 strangeness

No free quark was observed. «~ confined in a hadron

A hadron is much heavier than a quark! : costs about
150 MeV.
m, =15 ~ 4 MeV, m, = 4 ~ 8 MeV, m, = 80 ~ 130 MeV ¢ (r(1672) S=-3
proton(uud) = 938 MeV, ¢(sS) = 1029 MeV The Gell-Mann/Okubo relation: equal mass spacings

Within the literature there are even suggestions that the u quark could be

4
essentially massiess.
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[Slide 4] quark model, #%A% quark model DERZHDRFHI L VNVET &, EREENDHID, %
T9h. BROTTIFRED, Z 5 ) decuplet ® mass defference &, FEFICISBHETS L0
FTENRBVET. ZOHEIL uds &£V H =FED flavor T, spin % TThb, 7L AA—ZE/T58
XTI > TWET. 1T strgange quark DA 1 A X BIZ L8> T, EREZOHEMN
4, 3, 2, 1 LELTW-T, 72800 mass B72V20 150MeV T8 2 TWL &5 Z L avE
BAT&, quark model &) DIFFEEIZKIIZIND 2.

What are pentaquarks?

Baryon masses in constituent

quark model " Baryon

* Minimum quark content is 5 quarks. (99990 )
» "Exotic" penta-quarks are those where the antiquark has
m, ~ my = 300 ~ 350 MeV, m=m,,;+130~180 MeV a different flavor than the other 4 quarks

. . tum numbers t be defined by 3 ks alone.
- Mainly 3 quark baryons: Quantum numbers cannot be defined by 3 quarks alone.

M ~ 3Mq + (strangeness)+(symmetry) Example: uudds

n, K, and 1 are light:

Nambu-Goldstone bosons of spontaneously broken
chiral symmetry.

* 5-quark baryons, naively:
M ~ BMgq + (strangeness) +(symmetry) e.g. uuddg, uussd
1700~1900 MeV for ©*

Baryon number = 13+ 143+« 13+ 1/3-13 =1

Strangeness = 0+0+0+0+1 =1

c.f. A(1405): uudsu or uds
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[Slide 5] 72VNVeW\DZ L idbA o TS V5 2 & TF. D% D —odbi ) D quark 11, 300
7>350MeV DEE%L 5 2 72 XV, Zhuhb, strange quark 1340 LETEWTT X, HEidnAn
A7 symmetry \Z X AFIEEZMNZ D2 &I2X 5T, 3-quark baryon &V DL, 72V ZWEEAT
XET. , '

meson (DWW THE U TY . b 2-quark @ mass 12 symmetry ORFIE %2 i 0.

WS E WK DOTTINE S, > E 0RO bLHoT, pion &V DI, HH
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BV, T, HARAZBNICLTE Y OHRATTA, chiral symmetry O B REEIREIIZEE S,
Nambu-Goldstone boson £\ V9 D LEIRT B LIZL-T, 7 &K &g EE MmN n
DDk, BATES, MUARBHE R LIFTRNVTT. ZEEICMIEZ 2 TOVB IR X2V TT 2
b, BIEIREBEROTTIINRES.

5-quark baryons A —7IZE 2B L, ZD massiE5ED Y +—2 mass %5 % T, strangeness
ZFo TV b, strangeness D &R L THIFREV, B &idsymmetry ROTTIINE D, sym-
metry TENFBAHEME LWV DX, EFWEWRESTWET. £25WHIZL2EZHE, KUz
1700 7>5 1900MeV {272V %9, Zhiddn 72 Y BV ©F. 5-quark @ baryon, pentaquark A%
RIPIEPEDIBRYY, HDHNIRODE LARNEWI DX, m &K g & hBENE
DE, FRZERTEMTOTNT, ZHVIEVHLONTETLESZD, 7&K Ehn i
HLTLEZXOWDIT T, ENTHEMBERICEL 2oT, HZOMLR.

[Slide 6] S[E, DIONHBHELEL S & LTWBDIX, =% /F v 77 pentaquark &\ 5 1REE
T, E90IH0nEWVI &, qqqqQ RATTR, Z0 QBLRD, 1hDubnd EnbiE>
BO, ZIuEnd LENTTETWS L LEDL, —2RTEIHD, ¢ THS THVWWOTYT
nNE®H, £H5V5HDEF—F L7V, example & L TiE, uudds. example &V 923, AA iC
CDFEF-oNVZFTH0OTTIFNED, OF, baryon number 231 T, strangeness+1 T, charge
i3+1 T

LED baryon IZh, ZIWVWIEDbH-> THNEDLRVDITTE. 812 A(1405) &\ 5K F 7
HDHDTTIINE S, THITEIED quark model Tid, mass BEKEDLRL T, THidfMrh, E
T 5-quark RO A S TS A L2V, &5V meson baryon D LY F U RAHR U/
WONREVDRLTWETITNE D, A0ERTWAETTIE, %L TINidpentaquark 7L 9 A
LW Z LI T, FEuudsi TH, T EFU flavor ZEOREEZ S BT LNT
DL, ENHuds TH DO DI ENTE S,

WE, BAEEE S & LT3 pentaquark £V DX, 5\ ) 3-quark TIIR L TETZ &M
TERVWLDTTY.

What are effective degrees of freedom ? B.S.Zou, D.O.Riska, Phys. Rev. Lett. 95 (2005) 072001
New picture for strangeness in the proton:

§ in S-state, uuds in [31],[22][22] = 14 s in P-state

including diquark configuration s [su]{vd] ,

instead of meson cloud A (uds) K*( su)!
(a)3q (b) hybrid (c) diquark (d) meson-cloud - -
Ip>~luud > +¢ |[udfud] d >+ [ [udffus] s >+...
Meson cloud picture: Thomas, Speth, Weise, Oset, Brodsky, Ma, ...
ip>~luud>+g In(udd)n( du)> _

+& A" (vuu)w(ud)> +& 1A (uds) K* ( su)>...

, Diquark-cluster vs Meson Cloud
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[Slide 7] ZAUIfER, TH5WVIHIBDOBRAOh-E, EINISHTDRBoTNLnENSH Z
LZFRTRATA RTYT. flxidproton ZATTTE, BEZDSLOXIZX-T, qqTE-T
MEDRVDITTYT. £V TM, W HHoThhrEbRWVbITTY. EFICE X —
T, =7 =277 471 proton ZFRT 3 & &2, —RAPAEHCEEREHERDON, £50
DT EIIDRB->TL B ERBVWET. ZOFITE o725, meson cloud £VVH DT, proton &\ H
D%, E@Ouud, M2 Tneutron & 7w, -+, A+KT, Z9WHISHTHRLTEBY £
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[Slide 8] fiDFIREME L L TiX, #1xiL 5-quark A 72ATTITE, 5-quarko TE->TH, —D
i% anti-quark 72 A TTA, £IH9VWH D% ududd T, HBHWVIiX uddss, Z IV IR ATV
BALRRVD, TV EIALLDRP->TH DIFTT.

l=x ' ForipgnRuy) CEEBLEONE, 68, hadron ¥ meson & baryon T, meson
IXqg, baryonidqqq &BoTWAIThED, FAZ baryonild, LML bzF YV Fo IR
AT EVDI DB, EENTVD0E LARY, V50O, MPEELRREEZRIZLTHDI,E
Lz, EEX ML TT,

HbEHLITFoLDIEI MHRERSOTVI I L LEDTTIINE S, 5B, HRIADEHEE D
PRoTWNAEE, ZOHTEREEIZEVESW, BODE-TWAZ xLeNEWVHIKRTRD
T, 50O DIT0OLALRVE I RETITVNATIZ, Z0dbE, 2% pentaquark, OF 12D T
FELET.

i P k
Particle Data Group entaquar

NOTE ONTHE S = + 1 BARYON SYSTEM
(PDG 1986; Phys. Lett. B170, 289) : uudds

The evidence for strangeness +1 baryon resonances was reviewed
in our 1976 edition,’ and more recently by Kelly? and by Oades.’
Two new partial-wave analyses* have appeared since our 1984
edition. Both claim that the P,; and perhaps other waves resonate. » Exotic: S=+1

However, the results permit no definite conclusion- the same story X(1890) » Low mass: 1530 MeV

heard for 15 years. The standards oli praof must simply be much «: Narrow width: ~ 15 MeV
more severe here than in a channel in which many resonances are e SRthtes L
already known to exist. The generaf prejudice against baryons not — 3 E(2070) JP=1/2*
made of three quarks and the lack of any experimental activity in ddssu uussd
this area make it likely that it will be another 15 years before the M =[1890-180%Y] MeV
Issue is decided.

The antiquark has a different flavor than the other 4 quarks.

D. Diakonov, V. Petrov, and M. Polyakov,
Z. Phys. A 359 (1997) 305.
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[Slide 9] ZH2% 1986 FEDRILTT . ZT &, ZOEHFEINTWE LTI E, pentaquark
Y —F 2% % Particle Data Group @/ — hTY. WAWNWSLENTH Y ETITHE S, TORFR
T, bITVERALLT—FENTWEDITTYT. U 7FF UL, 2R BVEET, pentaquark I3
AEETIERVNREE>TWVEL, WAWARAREI VW) BRERZEELE>TVWEDT, WD
PEERERMNMTONTWE L.

Th, HHLBONDT—F b, RVEBDLNBZLLPNAENSLDH-T, I T lthe
results permit no definite conclusion the same story heard for 15 years| Z DFEH T 15 FTY D>
%, pentaquark Y—F DEBLINRD BWVTT.

Z DL ED PDG @ prediction 1Z, [The general prejudice against baryons not made of three
quarks and the lack of any experimental activity in this area make it likely that it will be another
15 years before the issue is decided) . B x 9 & 15 F#&D & 2001 £ T, pentaquark BE L1 5
2y, Activity BB o & ERofzl ZAT, TIWFEERLWVWIRELNTIHIOTTIINE S, HE
AR5, BIED conclusion IZIZE > TWERA. THUIZOVWTHELET.

[Slide 10] Y /SA 7T 2572 DiE, —D® prediction 3E#IT /2> TWE Y. Diakonov, Petrov,
Polyakov &\ 5 A7z 573, chiral quark soliton model &5 & D %> T, pentaquark % predic-
tion LMD T9. baryon DEHHWE Z A1, WAWAZ, 2RE D X 5 72 model T predict LT
Y, BHA-STLEY. REROPILS DMLY EFATNE D, WAWASRR model 28, #itgL LT
BESREIAZTNE D, WENWAREBOLOR, ErL2VWTE, AdS/QCD b&®D
T, "FeryOEEPHEZHHELTLE Y.

chiral quark soliton model MFFV> & Z A A&V 9 &, mass splitting IZ2OVWTIEFEF ITHE
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ER< predict TX %, #]xi¥ decuplet, non-decuplet {Z-2W\TiX, 1/3—& > hOREE T, mass
splitting IOV TIETFETE DD TTITNLE S, CINREENLNI I LEEZTRLRNVE,
predict TERWNWEZAN, FLWE I ATT.

Diakonov 72 Hi%, ZDN(1710) &5, quark model A37275>72%33487 C & 22\ WRHEAS pentaquark,
% Y anti-decuplet D X X —TH 2 LKEL T, &I 5 mass splitting T, ZTH5WVHHL0%
FELE LK. —R, strangeness 2341 225 0 12722 TV T, mass 5 LR > TWBDIIRESER
ATTINES, ZHUTTT, anti-decuplet D A L X—TT DT, sSsNIDFIZAS>TWNBED
T, EXRDE5AITIINEDRVY. mass splitting %52 T, £ T1530 &. width IXFEF I
EWVWHTEEBEVE L.

RIIZOMLE, ~OIZERBOBLBIHITIL, IZLALERINQONVEZDTY. L 2o
DL, ¥5EFTHIL Diakonov & ZERERTWT, Diakonov 2%, H43® proton (%3 5
ERELITNE, Zhd2ne0WiIRne EoknTY. BEREOFEIZARIELRVOTTT
1%, Diakonov &\V5 AlE, BViAL L 5 2B ERK-TWT, EEAM»oTHETE, bbbo
TWHEIRRLT, BRLTLESZOTY. BV MFNVRATNVT DEAFZFOHE T, NEWVE
ZyaRFa—U 4y FILMoZENTZEERHD L0y, BREAI T HEBBEED L0, b
EVPEEFERR2VOTTITNE S, £I2WVWIATT. T, ZHIEWOPRLTRLRNEWVWT
e, ZOEEIZEAVWE LE.

Fall-apart decay problem A di-quark model for pentaquarks
*DPP predicted the @ with M=1530MeV, I'<15MeV, and Jr=1/2*. [u d] [ud] T W hepphuaoraat
JM hep-ph/0308206

*Naive QM (and many Lattice calc.) gives M=1700~1900MeV with Jr=1/2",

*But the negative parity state must have very wide width (~1 GeV) due tu
“fall apart” decay.

Ordinary baryons e
Positive Parity? qq creation
«Positive parity requires P- -
state excitation. R

*Expect state to get heavier.

L=1, one unit of orbital anguiar
momentum needed to get
J=1/2* as in xSM

Uncorrelated quarks: J? = 1/2-

200 MeV

idth: ([ud]lud d =—=T= ~8 MeV
Neod counter macchanism. For pentaquark Decay Wid ([ Jlua] 5 | o ][us]) JE T_”/% 3 e
di k-di k, di Ke . .
tlfz;::'k, tl)?:r:mxg e Mass Prediction for 2 is 1.75 instead of 2.07 GeV
interaction with “pion” T——
cloud? 12
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[Slide 11] £FEHROFEL LETITNE S, ERIIIIRDRNE LY. RFEBEVELRZL
N, TA—TWEZD L, 1700 5>5 1900MeV & WV H EI RN EWTRW. &b, BEN—
FAXRVRAEIX, quark model /&, spin parity 2% 37 RO TE. 1T LW H DI, #REED KN &
FAULEFHTTOT, ZhuE, b7V xz—ar 452 ¢74< fallapart Tdecay 52 &R T
x5,

ZHIEEZE 2D L, 1GeV DIREER>THLWOTY. Z 5 fall-apart ZF5 <I2IE, AL
2 LT Z DERIREE & SIRRED overlap 2/ X < LT HIEWT 20Tt Ed, hE< L
& B o T, BIRIXZEIL positive parity TH D &35 &, EiEIL P-state D excitation % & Z 0T
VEETDH, 2OV b0IEb0TIL, mRXAF—HICBRDITTY. EXR-oTLEY. Eh
LIgZM LED EBoT, HRELKRELZ TEXIPITEIDDOIILELYI LB LELLobe
5L, ENHEBIC quark model TEZ B &, ENRRTED LWV DORRIETY.

O N, HEEEIBREREL L THIY.Lo2obo BT, WANWAREFANBHTE T, &
WHEEBERWBEHFALLO L LELE, |

[Slide 12] Z#uid#l 21X, Jaffe-Wilczek @ di-quark model TTiFH EdH, ud-ud {58V VFEREA

— 343 —



e s

HHETDHE, BARST, SHIUKBEEFIKRELRESEIDOT, BIRIRVET. ZTh
T 8MeV T¥. FEBERAYIZ upper limit 1372V 2V IMeV TT DT, ZRTHIBOKE VD F1RLK
BV ERA. :

Narrow Decay Width of Pentaguarks Why ®* fs SO hC(r‘ T'OW?

® So, this process is considered as.a quantum . 8 e WB Gy 3k el

" T Pam e S )
tunneling process, and therefore the decay Infmy + majime &

of the penta-quark baryon is expected to be

SN (i + 40}

SATN

. dal(mactemel
strongly suppressed. oxmn 5 Y a0 goon = T4

R N oy

EA
> : < . N >< e
perla ek baryen e nited tde . 5 S 7 % -
et S o e Rergrm s e, sym. v i
B Soare e 1Y o - e

N © docay I suppressed 1 the scten the S-quark componens of the neutron is bess than it

. T Samark component. Additiomal suppression comes from the pacukiar flavor stucture of the
& This leads to a very small decay width of mutron’s -quark component whers the C is in the favor-singlet combinstion with one of
the penta-quark baryons. the four ¢,

A preliminary eruda sstimate gives U'o = 0.7 MeV without fitting any parometers!

H. Talk at F D. Diakonov, Talk at Pentaquak04

[Slide 13] [Slide 14]

[Slide 13] HroltEAVWREBSTVDEDE, THEEDFEROT, WETHLE, BREIAN
BRENS LNRWTTINE S, BBIAN 2004 FEITFEEINLFET, Hidlattice THET S &,
pentaquark IXZ 95 X 5 RENLICZ o TVWAEAI ETFRLELE. ZHOWVHEMIZR-> T
% & ZIZ, baryon & meson iZ3n & H & T5E, 5 LTH—E, gluonic 72 loop ® excitation
BYUBIZRVET. ZHEAVTELTERELLL DT, ERERBR-TL 5. EENLER, &
FIZIIR Y D ERAD, ENTH ZHE— 2D EEMETT.

[Slide 14] Diakonov ZAANRE 2 TWH DX EVYD &, Tk light cone THEL L TWB D
TTThED, 01 16 neutron-KtT ~0 decay &\ 5 DI, 5-quark 4 H 5 5-quark Fiy~D
transition T, £ DEFE T K-on % emission 5. £®D & XiZ, neutron @ 5-quark RN H &b &
DRVRHEND, BNTWVDERINTLIBRBEENTLHOTTITE, %O chiral soliton
model TEHET DL, WEDLIZA0.TMeV EWVIFERSHTWET. WTHIZLA, bRl
NI TIIRT ANEE. K2 SUB) symmetry 21 EWVWI D%, KELRWVEWTRVDOTY
T ES, s-quark 23, 1EZHD quark IZERTTVWSEAEL, SU(3) symmetry iEBENLTWND Z &
BOPO>TVDDIT T2, RPRPEBELVWEZARHDLEEBNVET.

+
Quark Modeis for the pentaquark ©* @ search at LEPS
Y K~
“The pentaquark ©* is a mystery. No - - us
honest calculation reproduces its +
mass and width simultaneously.” | . /K S=+1
Q=+1/‘—\US
n (OM n
M. Oka, Talk at SNP2006 udd uudds udd
[Stide 15] [Slide 16]

[Slide 15] ZHUEISWZ D, FETH-LT—27 T av 7T, MIAR, BPOELDHTE-
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Tl ERDOTETITNE D, The pentaquark OF is a mistery. No honest calculation reproduces its
mass and width simultaneously| . honest £V 9 & ZABFEBHRE LN THOTTINED, &
IWVHIRIUTIZ>TVWET. ERENORT, THWVWIHITEEEbhAE, E5BI 0. ERE
DRNVEWI DOBH Y ETH, EhrbLnoT, BIRESLDIDIFIVHARNTT. bhAAMmHE
BTYTOT, BRzEoLLERTI2DOFTITITV RV OTTIFNED, baryon &5 DiE, W
HNBE, EEELLPLRNZEIEND T, ERETHMOBME L TE, RERIICHREN DL
T, WAWASRERNRESHDICLS, EREFITZIBLWVITRY, E5FBXTVET.

[Slide 16] —FERAOEREZHALET. RKUOKERL VD DI, v#% neutron IZH¥TT, &
WEEDS K, KT, neutron. Z® 5 HO charged particle 721} % detect LT, K~ K& ? missing
mass T, Kt-n ROEE% - C, Diakonov DFERCESVTHELTVETAI D, 1,530MeV iz
EVE ZBITIEDHRNE— T TRV E W) P —F ORERTY.

| The LEPS Collaboration

A Reaearch Cenier {or Nucloar Physics, Osaka University :D.S. Ahn, M. Fujiwara, T. Hotta, Y. Kato,
. K. Kino, H. Kohri, Y. Maeda, N. Muramatsu, T. Nakano, M. Niiyama, T, Sawada, M. Sumihama, M. Uchida,
> Third-geéncration synchrotegn M. Yosoi, T. Yorita, RG.T.
K ‘ X Depatiment of Physics, Pusan Nationaf University :J.K. Ahn
30 Lol School of Physics, Seout Nationa! University :H.C. Bhang
Dapartment of Physics, Konan University :H, Akimune
Japan Atomic Energy Resesrch Institule / SPring-3 :Y. Asano, A, Titov
institute of Phyaics, Academia Staica :W.C. Chang, J.Y. Chen, BR. Lin, D.S. Oshuey
Japan Synchrotron Radiation Research institte (JASRY) / SPring-8 :
S. Date', H. Ejiri, N. Kumagai, Y. Ohashi, H. Ohkuma, H. Toyokawa
Department of Physica and Astreniomy, Oblo University ;K. Hicks, T. Mibe
Dopartment of Physics, Kyoto University :K. Imai, H. Fujimura, M. Miyabe, Y. Nakatsugawa, T. Tsunemi
Depanment ot Physics, Chibe University :H. Kawai, T. Ooba, Y. Shino
Wakayarma Medical University :S. Makino
Department of Physics and Astrophysics, Nagoya Univershy :S. Fukui
Depariment of Physics, Yamagats University :T. iwata
Departraent of Physics, Osaka University :S. Afimura, K. Horie, M. Nomachi, A. Sakaguchi,
S. Shimizu, Y. Sugaya
Department of Physics and Engl Physics, y of :C.
Leboratory of Nuclear Stience, Tohoku University : T. Ishikawa, H. Shimizu
Departmant of Applied Physics, Miyazaki University : T. Matsuda, Y. Toi
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[Slide 17,18] EBIZ, & IR0 ZOANALEAREBSTE T, JARCKEIRZVOTTITN
Eb, SPring8 L) LZATRNELL. DRDIIR2EHBE—LTL DI LD 1AEE
DETWEENWT, fix &RoTWET. 727, collaboration 1372 < EAWT, 50 ALAEWVVE T,
7272, institute DETEID & 3 T, 1ZEALE—FKHY LWIHIRUTTR, WANLRETZ AL h—
7% LIlAToleh, —RBICLBRN?2EFES TV T, FATAERLLTERLEWVIELTYT. 20
HETHE > THVWOTTIFNE S, F—T7 A3 EHEINE I RDOT, LHOTHBEET.

Laser Electron Photon facility at SPring-8 Energy Spectrum and Polarization

in operation since 2000

e Laser
PO e T Y SPring-8: )
8 GeV slectron storage ring = Intensity : 2.5 * 106 yfsec
f:.*::n’;pé:ux\:'/ir:wm'ing 100 mA = >1.5GeV: 1.0 * 106 y/sec

[Slide 19] [Slide 20]
[Slide 19,20] ¥ 5\ MM HBH. ZH5VWHERELTHE, BREOAML, 2BBETLE
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SDT, HBEVIZERSIFLEZLRVOTTHNE D, ABEENEVI &, CBTBE>TVNS
electron (2, laser 5213 T, DBk -7~ backward Compton y R TEBRL TWBEWH Z &
TY. BEIIE S C272< T, electron #H Y H LT, radiator 25213 T, % Z T bremsstrahlung
KEoTHE—LEZHLTWET. —FED DI E VD &, E—AD energy spectrum 72D T
9. bremsstrahlung TRX5 &, 1T& A YERICHEDNZRVMET R L¥—0D background 233E# 12K
&R BDITHAT, laser backward 72L&, 1E& A LR —5F flat ROTE. WhHARNE
IHBENRD, EITHBVVERRVALBIOTTITNE, ERTIIINRERICHECR> T
T, energy (MEVDTTITIE D, T et, e- threshold ZBX TWETHH, BIFIC detector &
B2V ES. bDFT I KED photon DIRTHIZRA TL DT, RIHFIZEV 2 detector I3,
et, e-iX-oVBHLTLES DT, ZIIEEiEiT, MEERIZARY 9. backward Compton 1
WD X5 REERDH Y EHA.

LEPS detector Charged particle identification

Reconstructed mass K/n separation (positive charge)

1

T x* p

4

(=%
Momentum (GeV)

2

uuuuuuuuu

Mass/Charge (GeV) Mass(GeV)
o(mass) = 30 MeV(typ.) for 1 GeV/c Kaon

22

[Slide 21] [Slide 22]

[Slide 21] v iviE, £ 5\ ) backward Compton gamma DMWE % FHENT-HIZ, BiH
IZ spectrometer ZE & ¥ L72. ZhIX photon Z{E >R TIE, #HbRTWRWERZDTY.
WENLEFRZHDDTTINED, bHbAARTWRWEIEH LEZET b T2 6, (M
£, BRTWDHDEREDTDAEENENE NI Z L HH Y 3L, (% produce T3 L
T, hadron &5 DX, production threshold D & Z AT, cross section 3% < 2 AMHEAMRH Y
£

Threshold D& Z A5 L\ DI, HAEHRIZHEFIT/NENTTAD, TEHbORLHRALS
[MIZ Lorentz boost SN TRATVE LT TT. 55 b DEWBEZ DD, BIFICKREERE
S EFRZE S b T

Z ZIZ hydrogen target 238> T, £ D& &IT start counter & W5 B —R> D, NH Y ET.

[Slide 22] ZHuid« L23K &dvproton & 2323, ERWVICHBNTNAD E WD Z & T,

[Slide 23] JAIDEBIE, liquid hydrogen 2\ E L7z, 7222532 pentaquark ZIEZ 5 &
BoTWebiF TRV TF. pentaquark i3 T2 & & & THEEH L BoTWT, [RENHIT
EBoTWEDTTR, ZDE& Xt ¢ photo production % threshold T TRV 72\ & Bo T
EL~.

FKEAZ pentaquark —F D 5 LO—DDE— FiL, 4p TKOT, nta~ Kt 2O THIY, ¢ %
A EBS>TWEDT, =7aloFxlaT counter EWVVIHDEX—Fy kDT <Hh &
WEWTWELE., ZUIF =1 rarzbyrZ—70b, H particle 22U =2 LT
LESOTY. Kb m 2fEALNRV. 2OT, ZOF— RTOP—FIITERNBSTZDTT.
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Summary of data taking Identification of ®*
. O Problems:
30 Hz for 800 kHz@tagger «Total number of trigger TR=Ke—=KKn - back
Charge veto 1.8510° trigger K' missing mass gives 8* mass z‘;:d':‘;d rom n & p)
) K - Fermi motion disl
Targer AC(n=103) Dec2000(0dum, 2001 KK missing mass gives n Imiasing mass spectrumn.
(LH,) *Number of events with
reconstructed charged tracks 1200 ey
*107 a)
4.37*107 events E,m 3 sc g ) | ot KK
Start counter (SC) *About a half of events were H] : : §
produced in SC % wlh g 1
Optimized foryp > ¢p > K* K- p wf T ER
1
Smalt distance between L, anasC Y P 2 7w K*n = .,mlwlm bl AU
High index of AC 7€z posten (o) o X st (09 %
[Slide 23] [Slide 24]

[Slide 24] &5 L7eh &) &, Ziid vertex distribution, & Z CRISHEZ o723 % R TK
TN LS, hydrogen &, ZDdH L1127 < start counter 3H > T, T I b event Bz T
RTVWDZERHZNVET. TNERT, ZDevent ZEZRVIEBWNWE LK. Ziid carbon
EEANTVETOT, vynDRIENTELALLRONREWVION, ZLHDOT AT 4 7 TF.

HHAHA background TV S IEXWVH D ET. BlZ o ZREZLLIDELTVWEDT, ¢ixv-oiF
WASTLBDT, ¢hy PLARESWITARW. bob i )7 A2, neutron &5 DT
carbon DF TENNTWE T 25, missing mass DT 7 =y 7 B85 & LT, mass iTFRLTT
LES>DITTT.

Fermi motion correction ®* identification
Test-case: ’ M= 1.54:0.01 MeV
yn—=KtZ—=Ktnn 2“- I'< 25 MeV
+ + a :
vp—~ K A—Krmp -E :: 1 Background level is estimated by a fit Gaussian significance 4.65
— i i in 2 mass region above 1.59 GeV. LALLM
Tlrent
L3 L
e . Assumption: B b
§ + Background is from non-resonant "§
g Wl KK~ production off the 8
8 s neutron/nucleus § 0 -
= » b — * ... is nearly identical to hon-resonant %
c'n'! s b = K*K- production off the proton ‘5
» §' Wt
s E w
3
° 1 .5 1oL 12 13 14 s - .
X misming e X missing mess (o PhysRev.Lett. 91 (2003) 012002 T R T e
hep-ex/301020 o 2,
Correction: MM, (corrected) = MM .- MM, + M, pe MM (GoVIeT) N
[Slide 25) [Slide 26]

[Slide 25] EBITENT, ZONREBIOTTIINES, DV EIT I a VREMARDT,
BIZIXZDHETTITE, y-n TKTEZ™. FilBiZ neutron 1L E > TW5 & o T, missing mass
ZzRDE, KB>TLESTAHRABWITNE D, #IREEA neutron TH D & VD constraint %
5 &, Ktn~ O missing mass &, K+ ® missing mass DEIZ, ZHWHAEBERHT, ZoEE
> T, spectrum Z3THI ENTEEYT. FNTHEE, neutron 225 ULMHTI RN &7 23,
FRICT AT VT 477 AT B ENTER, L7 1%, BT hydrogen target 2> HRFARHTE T
2T, target PHITA LOHTIARWL. 250 Z ¥ bhozdT, flavor & charge U<
VIRS7ZITTE LR, K- O missing mass # REH LBob. T, 7~ OO VIZKT % require
LT, Kt oY IZK™ % require LC, K~ ® missing mass % R7- 5, ynRK&T, 01 34—
FTELALRRWNEBombli¢F.
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[Slide 26] €53 2&, TEOHDIBICE—IBRHTETLELST, ZTHIMRD 2 HWNWI &
REBOTATTITE, EOVOIDITMPERLTLESTZDOTY. ERBRWVENGES &, 2
DRERHENTITE LY, 20/ XU FEDLTOE—IR2DTTIFE, TH0VH &I AHIT excess BHT
< %.

FEPRIZ, background 237212030 H2VDTT A, hydrogen & —H#EIZE-> TV T, hydrogen T
Xt BTERNELDLIroTWADT, FAUFEES hydrogen 12xt LT T, hydrogen ¢ missing
mass T background % estimate LE L72. ZD X HIZ, Z I 72< & AD assumption 23
A2TWT, £5WVWIT—F 072D TY.

Evidence for Penta-Quark States Time dependent experimental

*“T i {"ﬂt e status of ®*

i BT

i yJ&Mﬂk . R i . (I ) ; 4 7 < d(n) reactions W=l | @k LTINS B
. :ﬁ\b gt ai i Whados Il | EETETTS LIE R Cen
N AT LY . g s Y+ penkKyp Flage BElLE
o e ) 5 " [ Thist K+ (N)=pKo ] apic
Tl s | | [ et
: i {lﬂf P H E4 prA— pRO+X

i +p= pKO+T*
2| 4 oo S e T : =
e Nomad 2002 2003 2004 2005

: N
;Mjm..__ f» @ : Positive result
" o @ : Negative result

28

[Slide 27] [Slide 28]

[Slide 27] 7272, ZDEERE—FBEHEMILILLEILED ), —BFOVWVWKELTH, #EOIXD
EEVT IR TARITE, Z20hLTIL, WANSRERMBERER ST, WANSRL
TATRRICEVWIFENHEZDOTY. TN YKL TE /- positive results T, Pz~ X238 9
EVIIEBRBHDDITIRUCRDAETNE S, LRI bE—IBRRATZENIZLEEE>TH
F Lz yBROEBRNEZNTYT. TR Ab, proton target T, v-K; EWHEBRTY. Zhddpp
DERTT. ZHOWVWIEBRNBHTE ., —o—2DREBEIIFARIZELZWWINE S, BVME
BERHDOTIERVHE, Z0LEIBbn/zoTT.

[Slide 28] & Z A% 2003 45 < H M, phase transition 23#2 Z ¥ ¥ L T, negative 72 results

SIS o L= DT, T negative 72 results 722 AT &, {43 negative 72 results &
positive 72 results 2ME 2 7 & V5 &, negative 72 results &) DI, 1F& A EDEE, high energy
D collider ERNH E TWET. FNTHEEICHEBEIS VWD TT.

b I =MLV L, BHIFHNIEI NI AN=ALTOT B TELINEVIZEIEFRIZLT
WK T, &K 0T 20K B0, BRRZRNVF—T, WANARLDEDL T, KIRE
D Ks-proton Z AFX % L TWND EWI DBRZWTT. K,-proton @ invariant mass spectrum %
RpE, E—IRRIRV. BRENFEFIOHWD L, resolution BIEFHIINWDT, £501H 1D
Rbiug, ZOMETIE O OBRFERINLEDNTVELEND, TALISETTHD &
WHZETY.

[Slide 30] ZEFRIZ Z 4k BaBar T upper limit Z3R® T, 07T BRENTHWVWTE TR LW
HIDERLIZHDTY. Z 25 upper limit T9". high energy Ti, meson & %>baryon &5 D
i, DY EVWRFEEEFS>TWT, flavor iZE 5T, mass T TREWEWENRSHNWTE -0
WO DIEFHONZOTT. ZTHEIBESEHRORBTTNE, RERWIED Lr20noTTidned,
ZZTEWVWEWDOIAREWS &, 0T BEED baryon 72325 &, b I TOBRPOLTWVSAEEN
TUW3. 7272 meson & baryon DR, BENRESTWVWDIONRLID L HIZ, 5-quark D state T,
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COBENERED LWV ATREMIEERY £, 2T 0T I IE V-8R TIE, T°xizd<n
EWVWIDRIToZED L. THOVHRITLE. ZHITETR, FARICVY TABRRE T2 h-
7~ DTT. '

Null results for Pentaquarks in High energy
experiments

E ]

Hadron Rate in ¢*e” ~» Hadron

Hadron production ing‘e -»Hadrons

e
-

e permnt/(!l-l?

Slope for mesons: m
g O “nt
»

= Slope for baryons—=

N1 B2
4

107 e

>
Slope for pentaquarks?? | <

b 02 l.ﬂ 8% 1 12 14 16 12
Maus (GeVid

Assuming the Pentaquark production is the sume as
Dburyon production we expeet fhe totul production of @7, Z,-

722000 per event conlinuum o be € 7 7 x 104, Eem 3x 148 4

30

[Stide 29] [Slide 30]

Combined Upper Limit for the reaction 7p — ©*K?

CLAS: New high statistics exp.

* Upper timits from ©"—nK" and & -pKs can be combined since the event samples are independent

H @ The two decay modes were combined taking the weigthed average
Search for @ iny p—>K+K n P A e :
> — g 95% CL Upper Limit
<200, + b 18
> 1800 ¢ ’ 5 , Tep— o'K (‘N;r:?s:xﬂmn
] | S1sob i 3
= 1600 | 5 LN S
3k S100 . . o TN e .,
gw b kfg ﬁgﬁz 08 < 8y <06 T | vxg
X3 184 3
1000 b ;}re VEVTETETTET: L& 17 1.1sv1)1 . g AR T @) oev)
z ° Y
= HA L I f‘—s J 9s% u‘s pper Limit izt Crom
L = Section H
“F Ne) | $120 f | g 4 ocideictgp,
wf —<02%)| A1 . £ -
K 2
0t N(/\) ° ot B e e ey
o “I o 06 <coicy <08 ! HT et S
PRVER TR Lﬁs(n,l(")&;’év)” I EVETRERY; uss 17175 18 R L L)
M@K*)(GeV) oo f Cppertmnesvcr ) Vo
R. De Vita, APS April meeting, 2005 : 3 Oypyerpe<025-10ub
PRI 96, 042001 2006 w S o 6 gt o4 CLAR 8 M TS TR
[Slide 31] [Slide 32]

[Slide 31] ¥V 7 A o7=DiE{d & 9 &, CLAS, ZhidP=77—Yr IR, RLLHITy
BMEEIERTTIINED, yp = KTK, neutron 2 WHE— RTOT 2 Y —F L L X2, o
S RATWRWEWI RN Z & T

HIEE, positive 72 results D 72752, proton % target & L7z y O ERNH B L ENE LT
LD, TORRIL, 50 bhHoleDOTTITNED, TREZELTELTWADITTYE. CLASD
EBRRRIIZOT—FITEZ L N ZERE-TWT, RENDI2 YKV upper limit ZH LT
W5,

[Slide 32] 7 2 U 7 T? pentaquark #—F &9 DL, TOREETIELEA LD TLEST.
FHZDOE O 7 ROFEREND DIX, 7AY A TREBNINRBNTTOT, EboTLESZOTY.

BHITEE, Ki Ks LWV E—RTHI—FLTWVT, ZRTTNTOAET, 572D upper
limit 2MEVEWD Z & ETHLTWET. Z25 LEPS IFETHF2BA TWSIT Y, CLASIIERHTE
PHEWVIFERE L TVAADBWEOTTIINED, THEL Y, ZOKAET, AE dependence
EWVWH T LR, OTXIZE AL proton 1B TE TRV ENIFERICR > TVAED T,

[Slide 33,34] bHAA, ERLILT, OT DERN LNEVWI T LERT, B 2T
0.IMeV &MligoTLED &, OF OFEE, BLALBFEENTLE I b TF.
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7272, ZZTREDTTIZLV O, EEEHROEIL, 0T 355 & Bbh T\
H &7 b DT, B2 ELSA L\, % ik%oty pTK, & p&HEx, OF HTETVS
EWVWOTRERORBEEND o 2RI, prediction B b TCWE Lz, B, T ORESOMER
ERTHDE, EIIZE 5D K& cross section % H L TWA DI, t-channel TK* % exchange
LTndLE, K* 2o D7 #— Kmeson TTIFTNED, £HWI EZZRLNTHD EWN
9T ERDTY.

lUpper limit on Iy. from CLAS Results | S. Nam et al. hop-ph/05005134
&) *p7)
8.8tepanian - V.Burkert A B o0 = : - I
\\ M(’,t i, N"-:"_,K 9 ot m 7 B
Theoretical cross section are for Tg,=1 MeV A e g " -
* w2 - .: Ve 77
- R i vy e @ w il '—lz—;_j
.\'::“' \ o iy 9 &7 W W % 4T
M. Guidai et al., v R bl ~ R Efoe
hespbDSIZIED. TS " e @D EN0GV O B0 GV
= dominant if possible ~ Without K* » —=H
S.Nemetal, »oFo exchnge T o -
hep-ph/0505134 " k6 " e AUTNE20GY s, 4‘_& %ﬂ
Y ORI, RPRAS (7T u@_ﬁy | —“‘:‘]_ f’ P e C1 1 il
hep-ph0412363 e T i L E = = Re
CMKoandW. Liti | w~ K0 ‘:1 p AN LR R RN
nuckhv0410068 R M ZZaura 1 ?n_“ 2 & (gt et R
W. Robarts pole| oeLJ,é: L 5 *. s m O wad o Jm m] ug;}‘ ::«:hp:u
o VD4D8034 Ry i | EloeV) LI ?;‘ﬁﬁm_ L Ao s ke onkoe
= achance ‘ ' T otk "
ORI SN
34
o Senrcd for €0 pratayenrk o CLAR~ M, Battagent - IEN Cmorrn
[Slide 33] . [Slide 34]
. + .
t-channel PrOd uction of ® Impact/Interpretaion of CLAS proton result
A 50 evidence turned out to be wrong!
* If there is no large isospin asymmetry in the
PR elementary process, the y¥*)d and y¢*)A experiments with
LT lower statistics should not be able to see the signal, and
Pgxt they are also wrong.
n o+ -> t-channel K* exchange amplitude does not have
/\ isospin asymmetry.
Any theoretical model or experimental result which
g require a large K* coupling to the ®* are rejected.
Q¢ LerT K *  Absence of K* exchange contribution leads to small
- cross-section in general (vary small for a proton).
Dl o . i o *  Theoretical calculations contain large uncertainty due
g /\ s to ambiguity of the form factor. .

[Slide 35] [Slide 36]

[Slide 34,35] ZEB%, t-channel TOT BREHRLoTTEXEZHnEVD DIE, T I Tproton & neutron
KOWTRETVET. viE K~ K+ i< couple T 517 ¥, KO K i2iZ couple TEARWHIFT, =
DEATTTIIEEENTWET. X7 F¥—Kmeson 72 &, vI1IRI X —RFRDOTRET, =
TV, WAWAREET, ZO t-channel TH DRI TR INRVE, Z O contact term &
WO DR, TIUIT—VEBEERIET S0, EILTHA-TL % term RO TT A, £
N leoT, TOOMRRL Y, cross section IFFEFIT/NELBRBENWI T ERBHY £,

ERE, ZHUIEEIC Born iTfEl9 5 &, neutron & proton T, cross section ([ZFEFITK & 72
asymmetry BAHT & £,

ELSA iXfii& &% 720> ELSA EWH DAL ESIE, ypTKsp EWVWIHDOTH—F LT
HBLE-TDI, FMEXELE. Xt L<R2%&, 51X missing mass TKY #7145
T4 774 LTWAOTEITE, %0 missing mass DoAAIL, FEFIZT o— R THE V. T—1L
AEoTws. 7—Mid&ss, ot EER0nET. Zhsdint 2E 954, K, O flavor iZfEES T
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WT, BiXyp TEA2T7RE 7 arLizbD%, mis-identify UE L7z &5 FIREMEDFER 1254
WeBbhEd.

[Slide 36] CLAS @A /37 NMIFRWD TN, LNONDIULGHE, E50HT ek &,
K*{Z couple 75 O [IZLIIFHATLE 7. OF AT 3 & &2 K* £58< couple L72< B
WNFRWZ &R, TRTOERTERINTVWADOTHIE, 0T FRNnenI DRRHET. 2
72, ZH3LRRVOT, EERLTHENVNEERESTNS L) ORFIRTT.

CLAS-G2 result . . .
Fnalstate nteractons
+ Experimental data from 1999 run (G2) - Stepanyan etal, PRLSI, 252001 (200%)
+ Tagged photons with E, = 0.5-3 GeV %: .
« Target: 10 cm long liquid deuterium ® 'Y.\'L\’\,\/Hl K
'Yd — K‘pK*(n) Cosh . e
B
¢ " K exchange is possible Yx K
z o
g 155 n
£t a .
Pspec
5
» Only ~46) ¢vents in the ©* peak Ahke ’
> Statistical significance: 4.6 - 5.8, ° AN I Minimum momentum of protons in CLAS >0.35 GeV/c.
depending on the background shape MK { Gevie'] » Detecting the high energy spectator, proton in the reaction
¥osmar g nace s x -~ Distribution of A(1520) events yd-pK-K+n requires re-scattering (FSI).
A reanalysis of this data found that the sy s e
i ¢ th M i34 £ 6005) Geviet
significance of the ohserved peak may : T'=21MeVict 38
be not as large as indicated. : e
[Slide 37] [Slide 38]

[Slide 37,38] & 9 —D, CLAS EWHRERMBRH->T, T yd TH—FLTWHDTTITNE
b, EMITEEETY, Zhudneutron #—Fy DT, KT DT AF = PIEFRET, 01X
DLNBDTTN, RA Y MIThEWnd &, BLOT 4T 7 Z—i%, T acceptance NH D D
T, Z®proton, BEBTIIARI T—F20TTINEDL, TWOBREKEKIIT detector IZ Ao
TIRLBR2WVWTRNWDOTT. £9 L L5 LA L, final state interaction TIEHEIZRORLZ LT
L LR BT RT, BEmiICIL, EREROMERIZ, 2RV REENDHD LBVET.

CLAS-G2 result

+ Experimental data from 1999 run (G2) S. Siepanyan et al., PRL91, 252001 (2003)
+ Tagped photons with E, = 0.5-3 GeV

Fhnalstate nteractons

8.8

+ Target: 10 cm long liquid deuterium V‘L\,\x\’\x K.
T
yd = K'pK*(n) Cost
F Gaussian H
g » background K exchange is possible Yk X x*
s q R
§ 18- n
5 n
gt d
Pspee
5k
» Only ~40 events in the ©* peak Lo
» Statistical significance: 4.60 - 5.5, ° IR :\h Minimum momentum of protons in CLAS »0.35 GeV/c.
depending on the background shape M(eK") [ GeVic') » Detecting the high energy spectator, proton in the reaction
. . . Distribution of A(1520) events yd-+pK-K*n requires re-scattering (FSI).
A reanalysis of this data found that the
significance of the observed peak may M" ‘iiz,_;t&o:z&v,, °! 9 %
be not as large as indicated. T
[Slide 39] [Slide 40]

[Slide 39,41] A4 /%7 FBBHDINEVWI L, —HINE, HDLE>TWEREL O —
E$2E, R<ARoTLED. R okBERIE, WEDLIAHEY > ELHATETVARND
TN ED, EHITERYAZR D background (2725 TW5 & Z A%, background % 75| X &
Z 7. background % ¥ L\ 7 —# T, high statics 27— & T &EET &, TIULEARIT excess
TIERRWE. ToE72F 30 @ excess 32 ZiZdH o T, 20 @ downward shift 23 2 AT -7oh b,
peak & RX 72 WVWHDIE, HEDE->TWVWBHI & T
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INRERBCLERROTTIIRLE S, SAWRBEOHICILL - LEET, 50 DE—r L=o
TWTh, FARIEBEZSTLEIAE L, AIZELTHVONEND Z L0 5 E BN
FTR, THONIZLERBI 72O TT.

G10 vs. G2
+ Same conditions as G2 (accep photon energy spectrum, analysis cuts) CO Sy_TOF : PP 9 K0p2+

* The new data show no @ signal
* No signal even beyond G2 conditions (variations of cuts)

« Upper limit on the totat cross section has been calcuiated: gooo | i M = 153035 MeV
m—8*K’, 6<4-5 b (95% CL) — I'(@*)<0.5 MeV (model dependent) (Al 3 ‘té I'< 18 MeV
* In the G2 analysis the background was underestimated 3 }4‘ %ﬁ’\
* New background evaluation for G2: ~3a peak, due to a statistic fluctusation 3 7# '\g c=04101101pb
_ 200 | 1 S
“ 8T mt ¥ ki
s f : 2 o J L . S cross-section is consistent
b e e en 0 with theoretical estimations
. s M(K'P) in Gav/c*
i New data taking finished in 2004.
H . p — e T*
Y More than 5 times statistics. K
h -Blind analysis by 3independent  __§ o
3 groups.
15t A e *The new result will be open in the °
McKinnon et al. hep-ex/00000, accepted by PRL fall of 2006.
[Skide 41] [Slide 42)

[Slide 42] ZHNZEZRE-DIX, FEHOTIZOT 2 —FLTWVB L 258, bibidiEhic
% COSY &5 FA Y ORFFERT A8 > T, threshold ir< @ pp HELEZ Lo TINT, FEEMN, 15
KTT LR, bIFTCRRINHEVIDT, ThEHLTWVET

ZDEBRDOEA > MIfAD LD &, FEEIZ momentur D X < 335 TV proton beam To
TWDOT, TNPARLERL, OF D mass 2 1.55GeV LA ETH D Z &3, 1EFHVERNEND
ZEBR—DTT, _

HO—2l%, TDE—REWVI DX K-on exchange TEXETHn5, HrAl LTBWEIEH N
WNTTEEEIRTT. bHAAINBERLIEBI > TVB I ENEI LV I DI, 2Rbh
DERATNED, WEDEL I A K* exchange scattering TIE O MR ENZE S I8 E ST
W5DT, K-onIZHEE L7z TY.

Kaon Scattering rmzk BELLE - Low energy K*N scattering
DIANANTEP

-

> KX, K*/-A—> pK?, pK-

K*+ Xe ~—s @ 4Xe' — (KOap)+Xe' ?’éfé‘étm )

©? [ momentum spectra
80 of K*and K"

Evanta/ SNe¥

4
momentum, GeVic

K+ i Momentum range possibly

S i _contributing to ©* formation. |
}ﬁ)—o o

n

=> Determine resonance :"idth

hep-ex/ 0603017

[Slide 43] [Slide 44]

[Slide 43] MO ENGRENK ZET, VT 273 a vy A=A ToNTE, A EMLRND
LD, BERBRVDTRUMNENI ZERDHYETE, bHLALE-BLYLEZXLAERVH ST, %
NBZDRER2DTY. ZOEREVI DX, KT & neutron 25217 T O1. Zii OF @ decay
DHRIST, ZIUIAEOENEENE, ENZTTE 30805 OIERICIRE S DI T, ot
Ndecay TEHDRG, TIFTHERCEI 52 HRWTRL T, ZTRERMICHL R LaiE-o
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% Y E % % model independent Z2FEFICEERERTT.

ZOWVOP—FIE2HFHTENTNT, —2iEr 7O ITEP, EBREGIE, Fix 1980 £RiIc
INT, BEEHR b HSTATLTE, WAWARu Y Tl TAZY U TARBIEEARED
BBRL22T, AF¥ U TERLRSTVEDTT. ZRNTAFY LV LELTADE, 250)
E—BTTEELE.

ZDH, TOERBHESH L, BBERENREALEABRL 2T, AX X VOEEEPLLTAHT,
BRLEF IV ERLTY, E—IRBEREER-TVET LN O, DWEE, 4403 A
DIRFL T

RHDOFERTIE, BT, E—IMBRTNTHEORRUI DT, EHLTEEVIFEEZL
7D TTH, #5613 binning OEETH S, binning 2E 275, RULE I RABICHETEWD
DREVET L. 721, BRSO TT. T 105320V EiEo& b LERA.

[Slide 44] b 2>—, BHDOT 7 /P —%->T, KTN Dscattering I —F Lz b OxH o
T, 2 KEK @ BELLE O#RTY. Zhidete” TKT BHETEETHN, ZOKT L
TedH DT 55 RISD vertex pooint #RK®FE 9. detector tomography. detector 23 H 15 5
INTEEN TV E D o»D &V EBRTT.

Belle - Limit on ®* Width From Carl Carlson s talk at Hawaii
R pentaquark workshop
K*A > pKS,: Te: from K*A —> pK°.X & _
Bt ol K*D -> inclusive analysis Belte limit 90%CL negative
evience
oo s 2 _+ S pentaquark
o 3 2 e % :
o E P Ao Sl e
S 400f ~ o8 A5 -
04 4 LI
. -
§ 300 o; R
= 200 0z -
3 Q4
100 s ¥ ’ 08 H I
ol L e e
Moks (GeVic?) )
rooNee g Am Belle:T < 0.64 MeV (90% CLY@ M = 1.539 GeV Dontgie up so easily...
©+7 N 107mb B, B T'< 1 MeV (90% CL) @ M = 1.525-1.545 GeV
Cahn,Triling PRD6S,11501 (2004). s “®
[Slide 45] [Slide 48]

[Slide 45] E—A & 5 & LT¥H, formation momentum, » Xk 5 & elasticiz, OF 8MEbhd &
V5 formation momentum D EA TS, INTH—F LEzL A, 72< T, EEIZDIANA
DFERDBAELERD, oD LIAIZINSHVOE—I B B TRAETNES, £V 5 0N
RZ2\WOT, upper limit Z#H L TET.

IDT—FDHLOENLLNE X IIZ, 7200 upper limit & DIANA OBIEFHER L VD D
i¥ comparable THEEIZ DOV TVWER A.

[Slide 46] Z #1%% pentaquark D¥RIL72 D TY. Don’t give up so easily.

[Slide 47-49] ZiUIb &b EDERLRDTT. bbhAA, WOIDITICNOLRNVDOTY. AY
VDD, RNEWNISIITHRAERLT, KETHRLALBE LRV EWIT RV, EBRIX
BT TOVET. FT 2L, i negative 72 evidence 2\ o XV HTL 2RTICR o 2 EERZ2 D T,
2003 4ED 6 AL TLEL2TVNEDTT TN E S, D(dueteron) target ZfE->T, AL LD
Y —FZLELEL FLLIICyn TmissingmassRD5L, TIHVHSSICE—7RHTL
DENHETAHETF =y I LTINS,

e, ZHERER H o T, BERICIIRIEL V SERBIZ VO TTITE, 5fFE 1 T{HELEN
DTEHR, bLIDOE—I2, {hrartificial R & THTER LTI L, BRPBRHPBFETER
DTY. ObiL? detector i3 B — 8% 0N L CEARHZDO T, KT ® missing mass, K~
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? missing mass 23ME & A EF L & ZAIZ, artificial RS DOREN D 20T LY, OF D mass &,
A(1520) ® mass BAFHEFIZIETVDT, ZZITMAAT-TWZE LTH, A(1520) BwR7 Ehbe
DLWV BEBIREZARH D ET

First evidence from LEPS LEPS LD, runs

« Collected Data (LH, and LD, runs)
Dec.2000.¢ June 2001 LH, 50 mm ~5 X 102 photons
published data
May 2002 - Apr 2003 LH, 150 mm ~1.4 x 102 photons
Oct. 2002 - June 2003 LD, 150 mm ~2x 10'2 photons

Phys.Rev.Lett. 91 (2003) 012002

e
Y n->K*Kn hep-ex/0301020

ow les: S =4 S_ .
L.ow statigtics: b7 a6 butm 32

Tight cut: 85% of events are rejected %
by the ¢ exclusion cut.
+ #neutrons X #photons in K*K~ detection mode

LD, runs = Smm-thick STC in short LH, runs x ~5

Events/(0.02 GeV/

Unknown background: BG shape Is
not well understood. Events from a
LH2 target were used to estimate it.
Possible kinematical reflections.

{ Loleeiieclonl ik
1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8

e 2y
Correction: Fermi motion correction MMy (Gevic’)
Is necessary. 47 ' 48

[Slide 47] [Slide 48]

Search for ®* in y n—>K*K'n

*A proton is a spectator (undetected).

®+search in yd - A(1520) KN reaction

» Fermi motion is corrected to get the missing mass spectra. O+ is identified by K~p missing mass from deuteron.
-Tight ¢ exclusion cut is essential, = No Fermi correction is needed.
*Background is estimated by mixed events. K- n and pn final state interactions are suppressed.
y poKKp 7 n-KKn If s8(1=0) component of a y is dominant in the reaction,
3 =F T 3 =R the final state KN has 1=0. (Lipkin)
i 1(1520) S
ot o
2 5 -
S™F Y e o+
i e
" ., ‘nB‘f‘i -
» ‘\‘u » P K-
R e Y e~ " } detected
MMz, (GeV) MM,;_(GeV) © P %

[Slide 49] [Slide 50]

[Slide 50] = DE— K [Slide49] XV, 4 B#5ET 501, ZE— F [Slide 50] T, dueteron
Iy 52T, A(15200K~0T L) 2HBRISERANET. THWV) DIRMBFENLE VWS &, B
EHIZE S neutron @ fermi mortion I 2MREEINAR. EHICZ I TLipkinO7 A 74 7 2EX
ELZTNES, WANWARERFEDOHEICLD L, A1520) 2HE252LI2k-T, Ot 7
m &7 ¥ a Vit enhance TARREMENRHD. —0, TITh»5DIE, HZIZK™ & proton &>
%3, final state interaction 295 &, A(1520) DE—27 L5 DIZTEX EHA. Zh 5 final state
interaction T, Ot # 2 W/ ARNE S BE— K%, BOTLES L WIHIBERHD £

[Slide 51] FLID detector 1%, FEFITWVWNE ZAHIZH-T, A(1520) ZEEHEZTNBED
T, YBROZFILF—F, 1F&AE A(1520) i transfer SNET. E0bREICHEICH D20 %E
FZ5. v ' -

K-on?2%, ZZTR#ENFZETHE, FEFICY 7 T, formation momentum % BB - TWVE
.29V, EFILY T MeK-on, Thidreal ® K-on RRBATEXBZLNWHI ORI VARDTT
THED, real DK-on 2| TEB LWy b7 v 7L, #HRPTHbhbNZITTF.

~ [Slide 52] Background process [T h, ZDHAIIIERICHE T, 12L A LD background
i¥ quasi free T, -2 Y K-on 7% neutron & interaction L7272 WH D TEENTWS L Eb

{1
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[ B OBUR & KK — MR - B - §IkE )17 T—]

NBOT, hydrogen DF—F %o C, simulate $5 2 L 38 TEFF

A possible reaction mechanism
Background process
* O can be produced by re-scattering of K*. ) ) )
* K momentum spectrum is soft for forward going ) S:fg;ﬁﬁﬂ (1520) production must be the major
A(1520). missing momentum + The effect can be estimated from the LH2 data.
v A(520)  wf : " L A(1520)
p/n : P
nip Wb n n
*LEPS acceptance has little “E{ et e
overtap with CLAS acceptance. *h | ]
*t-channel K exchanged is R * The other background processes which do not have a
possible and a kaon can be on- P, GeVic strong pK- invariant mass dependence can be removed
shell. by sideband subtraction.
- Theoretical calculation by A. 51 52
Titov Is in progress.
[Slide 51] [Slide 52]
K~p missing mass for A(1520) and Sideband subtraction to remove non-
non-resonant events in MC resonant background
- T TTTTELE -E ' .z AI520) LHBl 2L LD2
. E ] i
“E non-resonant KKp « ;E A(1520) § 3
us b - E. ::
wb - .4 §
ol - M(K-p) GoVic? M(K~p) Govic? My Kop) GoVieE
L AR Ea B T BIE eraam :ig :;:i::;: ;;; or Fluctuations in the sideband
MMd(7 Kp) GeVict MMd(7,Kp) GeVict 1584 <M(Kp) < 1.59 :&ﬁrﬂi}m;ﬁ’s&e&%ﬁgg (nearly
equal to the resolution).
Energy dependences are set to be the same. S = - - 04 -
No angut has been d in the both reactions. = o
[Slide 53] [Slide 54]

[Slide 53] & HAAELT AN THL D detector T, £H VI bDEERZL o1z & XiZ B—
7TERODEN D, —BEIIHEID TBLERH-T, Zhudyp TKKp £\ >T, vyp T,
A(1520) BTETHHL K pEWHDE, EVFHLTTHLERSOTTR, ENEZA3TE—2
o TWABDE, FIFOK pEBEZRLTWVEWNI LI ANLETVET. 7295 momentum
transfer i, 1$& A LRV, 7226 4 #RD momentum IFIE & A E K p il o b ooz L 9 72 event
B3, {EV> missing mass 12725 TWTC, HEIFHENKREL RBIT LMo T, acceptance 23/ &
BRoTELELEHEDL TV, .

[Slide 54] B, A(1520) BT RTCLXRVOTTITNRE S, 0o background {(Z-2VNTid
sideband method 8\ E9. DFY A(1520) ZIFHD L B L FHARB I LITE-T, A(1520) L
A0 background b5 ZENRTES. ZDFEAIE, 145035 1.59GeV T TER-TEX T, =
D 40MeV %, ¥ 7F /v region, £A b Z DRV E Z A% background region & LT, background
region ?® missing mass % 04 L CEI\TRB I EIZL-T, YA RA3DITTT.

TN T, MEHRELOERHBDT, 5 smoothing # LTWET. Zhikv@RoOx
FIVF—% resolution DHPFATLH - TRD LN Z T, RA—RIZLTWET. 2505 L%
THZ &Ko T, background DENNRA—TEHT I ENTE B,

[Slide 55] &5 5A, £ 54 ) smoothing 255 £ Vo TWB LW D DI, FENDBLEL
&»->T, background region # " DIZ53T T, FHENLAT, 1FEALERRNE VD Z L TF.
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BG estimation with two independent L
sideband regions K~p missing mass spectrum

are seen at 1.53

GeV and at 1.6 GeV above
the background level.

Counts/5 MeV
.

1.53-GeV peak:
(in the 5 bin = 25 MeV) ,S+B

0s

Counts/5 MeVC

* ¢ g correction for,

prefninsry

No vigible signal in sidebandst

. [J ¢ contribution, .
uuuuuuuu OITRICY n Tee TR | > w o
L T R ) i -1
M(K"p) GeVic? MMd( 7,Kp) GeV/e? = © . =
-Valldity of the sideband method withEy [ g 1 | | N e k. 2
smearing was checkedbyusingtwo ~ {} K B | | | wmesTRTLATEwtneT 3 &
Indi d gl of the sid MMd( 7 ,K~p) GeV/c2
*Channel-to-ch gives sideband
mean=-0.04 and RMS=2.0. A .
- . sum MM 7 K-p) GeV/ct s
MMd( K-p) GeVict
Normati of A* is obtained by fit in the region of MMd < 1.52 GeV.
[Slide 55] [Slide 56]

[Slide 56] =5\ 5 & &THE, E—IRHT Z0TT. =iz ©F(1530) B—2 8% -T,
ZZIZONDOIT SN0 5720 excess 235> T, 1EFFHETE S, vp TA(1520) B TET
WBEWS DT, FEFITIE.

Z @ Background @ estimation Z1E U572 5 50 T3 . HANC preliminary RFERZ R & &
DERBORKGTTINE, KEK D IT#EHRL, [BEANE—7 2K LWLV EEI mHHTK
DA EWVD DHBRIGT.

bO—A, BROY &5 B#ERIT, [TEFEA, RXLKRTT. Rubbia ThoiXWiEEZ DT
WELEZE]. EobbHbAEVINLIRNaX T, FELLTUL £50928H 0 Lol
NIZTE, BOLNTZDOPRAPEILS DGRV OTTITE, iRV EETT.

BHR ZFobD2FEEHD, ZobHOIED D excess AT Lo

FE DPRLRVDTYT, brbRVOTTITE, A(1520) ZiRSE EZDITHTLS A2DTY. #h
D, sideband TIXERRZRVWDTY. HEThrol, energy dependence & R E§ i} &,
threshold (T & T AZZITHTL % excess TY, REDPLLLRVOTT. by
iE, 2oL 20XV THDOTTITNED, WEDEZADNLAR.

Photon energy dependence Fluctuation or Reality?

1.53 GeV peak:

*No change in the peak
position.”> not ltkely due to
kinematical reflections.

Counts/5 MeV
s 3
Tt

Counts/5 MeV
1 ]
s

L%m 1.60 GeV bump:

*Only seen in the iow energy »r 7"t

g T R ersvwss W 4 region. - threshold effects?

- +Not seen in LH2 data

MM Kp) Gevret ~Associated with A(1520). -

+Different reaction mechanism MMd(r K~p) GeVic? MMd(7 K™p) GeV/c?

Ey<2.1GeV from that of the 1.53 peak.
Ey> 2.1 GeV

The clear structure is only seen in the A* region. Therefore, we
assume it s associated with A* production. But even in the A*
region A” events are less than half.

[Slide 57] [Slide 58]

[Slide 57) b HAAE—IBRALETTIEEDRDITT, WANLEF 2y 7 LTS, T
IZEV D < DX phase space D H BFEITIC OF LiIFL<E B T event BEF TS, #HN K-
p missing mass (Z reflection TE'—7 Z{E5 L9 FIREME T, kinematical reflection % F = 7
9 %IZ1% energy dependence % R.E£7". reflection IZ—f%IZ energy dependence SKEL T, H%5
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[ BB EOBUIR & Rk —FROREE - B - Bkz )3T

TRVF=TITERNIZY, mRAF—LEI - BN EboY LET. bhvbiud 1.75 2
5 2.4GeV &\ IRV energy region ZEFo TWADT, ZNRDHHNRNNEND T & 2T
5, 72VHITTY. reflection Uodg&.

RIZ1.6GeV O bump 2D TTFNES, ZIUIEWEI TLATERY. REETT. b
DHRODTTIFNES, 727, L LTEL, ZOVIEERDHL L VD ZERITTT.

Is the peak really associated with A* M, dependence

o=
- 1.50 < M(K—p) < 1.54 BG level > 1/10
Il 1518 <M(K—p)<1.522 A*>15
Total # of events > 1/7 0
[Slide 59] [Slide 60]

[Slide 58,59] bHAA, ZDFER, TiLAED spectrum 5 background %5V T, background
I RoTVWBATTITE, THAARED, Ze b fluctuation 2> & V5 DI, MIEEIC2-TL
L0 T, background &b ro b Ay —NEEXTCTry M5 E, V7 F 75 R background
EVDRTNERDIZ, BRVEITLSE0ITTT. Zhbb o, £HEbbilhbho acceptance %
HROTWDEDTENL., AEE, ZINIESBESRBRRALRRONE., ZHEEERE, 20
Dexcess & 30 Ddip THA, TAYITRIBDIERDL, BATRI-THEMLEDLRNEWND Z
ET, EONDZERRISTLESTDDBALRRNNE NS O, —FD criticism TT.

ZTHCEZ DI, EREZBVRTLOZVENI DI, brosTHEDTTiITRES, =0
T—HTh, PLITRNDEZERBHD. [ABLNEEND L, bhbilUd I ® excess &) DI,
A(1520) ITIREL TWET. HAFEDFELL, WEETHLIEFATLETNE D, A(1520) DL X
LAy, B—Zido& Y R 20O TY. £ LTsideband TIER 2720 . A(1520) 721H8A TX
TEEIL, TOVHIHDIEHDIETTTRENION, bbhOERBERETY. Zhud A(1520)
O purity £ 55, S/N & EFTRNE, F=y 2 TEBbIFTE. EhbIEEcsk,, A(1520)
DE— DL BEHSTL 5L, background TS ITHE D, HIHIC A(1520) DRRSTITHE X
2DT, TNBEINVIE—IDEIAETRM-TEREEIL, 72EEIZZNS, fluctuation idH
DETTNES, BHICTICTR 200, TR bIDOE—7 OMER, Liioxh
BOMEND ZEIZE-T, A(1520) IKAHBELTOBNRE S 7 E NS & & mbis bt TF,

[Slide 60] H-o&FxIE, EREESLHTTLEST, BEECRTWFIEVWDITTE. 0
LI, O ITHIBT =27 L5 2> T2 EN) T L& R TWFIENWDIT T,

[Slide 61-67] Z#id£4y, AKX TBRAETADEIFMHDTROTTITE, —FIENEZ 5, S/N
BHEYBRIRNEZALTIE, ZARDOE, EAEAFLTESTTOIZLERST, Z0~AL
TPRYVIFZ-ZD LTNT, ZINR—FBEAFTTINES, HTET, Z2TELTET, Rz
RLIRoTLBEVNISHITRY ET.

ZHE, WHhSETARDD L XL, BRIZTDLPoTHWADITTT. RiZoMnVH53 L5 72174
BodE. RiZoMVHD LI RERSHEL 2L, bhvbiiIsnid, PRV A S ET4H
BEOTWELRLLEEST, TNBEREUNE I, FzyZ LTWBE L RbDTT. Fhitlk
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MRS

72O fluctuation 72 o726, EDsequence WS TETH, HFWEWRIL LS bZLTWD
T E, bhbhidERSHDZOREZTEPoDTREBOLK DT, F0F =y 7 % Lizbit
T

INEL-T, BEZ THB] LWIIDIFIRVLRVARETNEYL, BZoTNWAZLEERS
&, A(1520) & FEHICHL correlate LTWA L DICRADLWHIDR, E2x5HZ L TY.

M, dependence M, dependence

M(K—p) GeV/e2 MMd( 7 K~p) GeV/ic? M(K—p) GeV/c? MMd( 7 ,K—p) GeVic?
61 62
[Slide 61] [Slide 62]
M, dependence M, dependence

T Le i Lm o as % Lw

M(K—p) GeV/c? MMd( 7 ,K~p) GeV/c? M(K~p) GeVic2 MMd( 7 ,K—p) GeV/c?
63 64
[Slide 63] [Slide 64]
M, dependence M, dependence

32 I
e 1% s ‘IAMLILHHI.HLVLEUII\J

M(K~p) GeV/c? MMd(7,K~p) GeVie2 M(K~p) GeVic? MMd(7,K—p) GeVic?

'u:puwuu‘uuﬂum

[Slide 65] [Slide 66]
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[ZEBREWEZOTR L KR —FHOREE - H - FkE ) FT—]

M, dependence M,« dependence

W 1% s

M(K~p) GeVic? MMd( 7 ,K~p) GeV/c? M(K~p) GeV/c? MMd( 7 K—p) GeV/c?

67 ) 68

[Slide 67] [Slide 68]

HO—DOi, THINIERETDHELEXIZ, cut W) ORFEFILERATZITNE LAERT, event
% select 75 & X2, Z @ selection D cut point &5 DI, EBRMNOLWDEDITTT. £ HAA
E—7 2 RRBORDTIINTRVWATZTNE D, BRHo )07 TY. hvigd Z AT cut point
ERObe L, FANER, C—2LLTV=RL—FENETOT. —BOWTANME, $95
—EIEBREREVIETENI I EROTTIINE S, FALSMNIL, ZHEEART Yy FLTW o
b &S50

[Slide 68] ZiLixE o7-< cut ®912, £E8D event % plot LTWET. bEbE I oRDAE
b, BRLRVEFATNE D, bI—DFX5DIMAMENI L, VI HAORETTR, T2
WWEENTWA YT FTAOBEIL, cat T2Z28ICE2T, S/INIFEL RoTWETITAE S, #
ZCUWET.

M, dependence

If the ®* peak is due to
fluctuations, we are unlucky
enough to repeat the experiment.

.LAIAULUMLHIJL?!HLELO

MMd{ 7 ,K~p) GeVic?

[Slide 69] [Slide 70]

[Slide 69] Z5WH & ZABHDET. S OITIEFLES, excess B SARZZFLES
ZEOERWTS, A(1520) D LHIUTHTL 2. b cutizE»>T, £b%b flat b 0%
anti-phase [Z L TWA & WD DI TIERY, £50WH ZERbhro/zdTY.

[Slide 70] WEDLNONDIHEEED &, OT OE—7 L5 D7 fluctuation 7Z& L b
F4y unlucky 72DT, b O —EEREZBVIETZ IR0, FHOWS ZEROTYT. FRTER
ZEBOBEL TS LN OR, BURTT.

[Slide 71] WWZ IRV EZE > THRDLLIDITIZNPRVDT, —2bhbrALRAETEL L,
A(1520) 721 L2722 T, A(1116) E WS EED A TH, FILH—FRTEET. ZThbeoTW
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B admE

9. BRI, BESLRLMbHEIEEA. E»BE L L I deuteron T T hyperon &5 % D
TFIRED, A(LLLE) TIERZ A

Search for yd > A(1116) 6+ Near-Future Prospects on ®* study at LEPS
o+

o

« Just started new data taking with LD, target and forward
spectrometer (same as the previous setup).

+ Photon beam intensity will be twice by injecting two lasers.

Basic test was succeeded.

~10 times more statistics will be obtained by next Summer.

A blind analysis will be carried nit

+Normalization factor for
LH2 data (green line) is 2.6.
- No large p/n asymmetry.

-~ +Quasi-free process can be
reproduced by free pr
- small effect from Fermi
motion.

«Large cross-section
compared with A(1520).

*Missing Mass resolution is
worse. :

Counts/5 MeV

« No excess at 1.53 GeV nor
at 1.6 GeV.

*Consistent with the CLAS
MMd( ¥ x~p) GeV/c? result 7

[Slide 71} [Slide 72]

Bx ORI TIERL, WAWARRRERZ L EIZ, ARESRoTVELnd L, O
X, bLHBE LD, HTEEZYVHTIRPS7D LT3, energy range iCLTHEIEL,
reaction IZLTHZEH TH D, FARBDIIT U BUVARENRS, ELADIEXRLHRENEV D DI,
— DD TY. O —oDMEHELTIE, b LALELINE, (2% LV hadron DRFED
FZEIELTOBE00E LRV, WEE T hadron DFFFE E VD DX, mass 2 T width 2
Dleh, ENEWENTEBLENT, £50IFREZET L2 >TEBWT, BREICHITT, Hig
BIIThZ2HRTELELENTRDY EofzAZ T EL, b LAALEZD hadron DHEEE VD B
DiE, EOWVIRIGETHEL EATET, HBAWNEEIWV) decay T DHDNENDITEERBZ &I
XoT, AEEY HER2W quark 23, FTEI RoTWNBNENHI T ENLYbMD, KIEDER
HETTR, TOVIHDTHRNDIENTELO0E LRV, EE, N*(1535)idn x4/ LE
FHIERZRNWEWNWI ZERHBDITT, TIWVWHZER, bLLELEL EAFESILH LN
20,

[Slide 72] W&, LNHOIILEIWVWIZELELTVEDE WS &, 2RO laser Vo XA
NBHZZEICE-T, ERENEZZ D2 brute 27 & TTH, effective ICEERIFMZ LT, K
FEDRETIZI0EDOHEZITOHLI L LTWET. 10O EITOT, FEIIfMELLI &L
TWA22E 9 &, blind analysis. fHEIZE D &, T2 T 5, F0056 cut £H%2H 655
COHWRDTENWT, T—ENREEL, FNERITAL apply TH LS. EIXEZL, Hid rare decay
ERLoTVWELT, ZHiE-oNDRoTWEDTYT. FRREKICAR > T, hadronic&zE ) &
ITALHDZOTTITNE S, TobRoTNADERRPREPEFETTOT. SEIENVIIIESR
BRVWELE I B0 D72E B o TWT, blind analysis %595 L B> TWVWET.

[Slide 73] RDVZRDPEZKDVWVEEIXRWVDOTTITILE S, pentaquark IZDOWTiE, OT 22OV T
L, EOVORIMTT. WEDLIAFRNEZE>TNDABEZN. bIlbDEZIATE—I R
RATWBL, RAERFEREIZHVBRNE I 72 correlation BH B DT, HHALRRVNE
LULONIE>TWT, 107 =220 L5 LTVEY

pentaquark, ©F ZiF B3 H 2LV 5 Z LEHVERLS T, ENCHRVENWTRVATTITNRE
b, EORGIL, boliRME LTWD, —KhH D & BEbi T, strangeness 7% 2 ? pentaquark
EWVIDIE, WEITEAZTHET.

% 5 —->, Diakonov ® prediction Téh -7z X 512, N* @ pentaquark 2372V EVNTRVOTY
T EY, FHUIZOWVWTE, HbLLELEI DS LILRWEWVIRENRHZ D> TET. TR,
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[EBEMHEFEOBUR &Kk — M OREE - B - Bikz )T T—]

ET7BIORRA R H o T, u-spin DFBRAPBH- T, yn S TIETER TN E S, v p KETIE
TE2W, 1675 £V ), FEFICmass & LTIHHEWTT LR, £50WH N*RETT. Zhid YKIS
TY, EIERENSEERDHV ETOT, FORBELZRTWEEERZ.

Other pentaquarks Summary

*Recent null resuits restrict the possibility that a
pentaquark exists severely.

For ®* any theoretical model or experimental
results which requires large K* exchange
contribution are rejected.

*There are still some positive evidences which
cannot be excluded completely.

*Experiments with positive results, especially
where t-channel K exchange is possible, should
be repeated with higher statistics.

There are still on-going activities. Let’s see the
results. They will hopefully conclude the case.

Existence of the &,,(1862) and the ®2 is questionable. For
the both cases, only one experiment has observed the positive
evidence, while other experiments claim that their null
results are incompatible with them.

GRAAL observed a narrow resonance in the missing mass of
1 -> nX reaction (later confirmed by ELSA). It may be
P,1(1675) but can be interpreted as D,;(1675).

[Slide 73] [Slide 74]

[Slide 74] Summary & LTI, hR2hE LWRRIZRSTHWBE0IBNTHS. 72, 7=
EILFHATZDIT L2722, K-on exchange &) b OB FREARET— FTREZ & &IIX, 57
pentaquark & BT B FEEMED - T, RBEBPOFEIIXIVOER TIIEETERVE ) RFER
BEEHVET. SBRBVANSER activity BHDDT, bIDLFESTIEINLENI DR R v
N G

Particle Data Group

NOTEONTHE S = + 1 BARYON SYSTEM
(PDG 1986; Phys. Lett. B170, 289)

The evidence for strangeness +1 baryon resonances was reviewed
in our 1976 edition,” and more recently by Kelly? and by Oades.?
Two new partial-wave analyses* have appeared since our 1984
edition. Both claim that the P,; and perhaps other waves resonate.

However, the results permit no definite conclusion- the same story
heard for 15 years. The standards of proof must simply be much
more severe here than in a channel in which many resonances are
already known to exist. The general prejudice against baryons not
made of three quarks and the lack of any experimental activity in
this area make it likely that it will be another 15 years before the
issue is decided.

75

[Slide 75]

[Slide 75] ##&iZ Particle Data Group @/ —ha2 b ) —EBRELET. EOANIBE»oZD
T [The standards of proof must simply be much more severe here than in a channel in which
many resonances are already known to exist| . 727*D, pentaquark &723% 3 L\ 2D,
evidence DL~ &I DL, To&ToLEmIRNEWTRY., RZ U F— Kb, boddELR

— 361 —



i Rae )

WEWTFRNENDS ZET, WEDERTIE, bhbhDTF—F T, bolttilExERA TN

E%)’

bLbBL I RO, THE-HI VB LI AL TEROMESL EFCOERN L)

ZETT. EX3LHNRESITINELE.

B
RIR

REF

R
FEF

e

Rakig

e

FNTIET A Ay a VEBEOWELET.
Zo XD ANRRIRVDONE, REBRATTUNED, EH)LTEAR, BEOLDOMNA

ZIRNA T DA,

ZILCRLRLT, ADEY—=JIFRADATT. TN TAZEAT, %O missing mass TO+
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