Pentaquarks | A2
Status and recent results from A2 and other collaborations

Abstract

Some years ago, a lighter pentaquark was found in photoproduction, called ®+ (1540) inspired by
the beautiful theoretical speculation in a chiral soliton model predicting an (anti-) decuplet of
narrow baryons , following, in turn, a number of earlier papers. The ®+ (1540) was confirmed in a
series of low-statistics experiments. The evidence for a pentaquark interpretation also came from of

observed in photoproduction of n-mesons off neutrons in a deuteron but the data are not really in
conflict with standard properties of N1/2— (1535) and N1/2— (1650) and interference between

them . The existance of a pentaquark or resonance in 1 -neutron system with mass 1680 MeV
(R1680) and its nature is one of the most exiting problem of medium energy physics and resonance
is still under the question. This problem initiated the reprocessing of experimental date
(JLab,CLAS,MAINZ) for study of possible pentaquark or “neutron anomaly”. The results

of such reprocessing and last results of MAINZ experiments are presented.
The new method of searching R1680 and preliminary results from processing of experimen-
tal data of A2collaboration(MAINZ) from deuteron target are presented
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Introduction
The first stage of experimental program of A2 collaboration on hydrogen, deutron and light nuclear is over. The second stage --

experiments on polarized trget is in progress now. The aim of program is a classic baryon spectroscopy. Especiallit is worse to
point out N-N' physics with Upgraded tagger. The obtained new precision experimental data initiated new problems wich was not
Included in experimental program One ot such problem or, in common, exotic states in barions(myltiquarks, states. Quarks moleclas

gluon component)). Pentaquarks problem exist from2007 and up to now attracts both — theoretical and experimental attention.

Now the experimental program of A2 collaboration(MAINZ) is aimed
on spin observable experiments in framework of classic hadron
spectrosc_opY — determination of resonance parameters. This
|orogram is closely related with programs of well-known world
aboratory(JLab, BONN.COSY,ITEP) and include both — theoretical
and experimental study.

eneray DAt G2 oM Row and Stady of T -egeh B Comaansbn
with T]-meson) with high statistics and good beam energy resolution is
very attractive experimental task. ) .

Theé aim of this talk to review the exotic physics (pentaquarks, cusps,
super nernarrow resonances? obtained from existing

experimental data. Ths problems was not included in official Program

due to unpredictable results but new experimental progress allow to find

unusial physics so the majority of me

their experimental data. . * —
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Now the experimental program of A2 collaboration Classic pictures of resonances(baryon spectroscopy)
under a strong influence of EU Hadron Physics n and n' — mesons with hidden strangness change interaction
Project | k In had 25%) and
June 17th to 19th , 2013, are presented — recent workshop multyguarks states In hadrons(25%) and narrow resonances
MesonNet is a research network within EU Hadron- (glueballs, quarks moleculas) — the most exiting problem of

Physics3 project (1/2012 — 12/2014).

The obtained results from hydrogen target and EU
Hadron Physics Project — fwo reason to revise the The experimental program of A2 collaboration was aimed on
experimental program of A2 collaboration.

modern medium energy physics.

classic Baryon Spectroscopy
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Pentaqugide@r{(1548) alive

The first observed multyquarks state ?

enta arks roblem exist from 1997(Theoretical s eculatég) Eg P akonov
rst qurlm nta n&ﬁ}c%tbor&o existing narrow reso ance O+( 05 up to
recent articles appeared in 201 )(n

Some years ago, allghter entaquark was found in pho
topro %Ctl n, ca led OF (15 0? Nakano et al., 2003), in-
s |re e eautlful theoret Ispeculatlon in a chi-

| sol |ton mode Ere Icting an (Slntl- cuplet of nar-
row bar on onoveta 8) ollowing, In turn,
?num ero earler apers. [he O+ (1540) was con-
rmed in a series o Iow statlstlcs experiments.

yD -> KP + KN -> KP + (us+udd) pentaquark 1540 MeV inclusive experiments
@"—> Kn K— 1 (CLAS)

Pentaquark:

quark content uudds

mass around 1540 MeV

narrow width less then 15 MeV

decays into Kp or Kn

strangeness:

Isospin: probably 0 due to absence of g =2

Spin 1/2, 3/2,5/2 ..

uudds
J!K-l_{)l'pKU . O (1530)
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1540 + 10 + 5 <25 19+£28 ~270 A0 — CKTK™ LEPS & F ] Sl
1539 4+ 2 + 2 =9 29 ~ 3.00 ~4p — nK+tK? DIANA oY PR AR SRR RS ML sE
° i ) 1.5 1.6 1.7 1.8
1542 4+ 2 + 5 = 21 43 ~ 350  4d — pnKtTK~ CLAS MMS, - (GeV/c?) o T
1540 4+ 4{+3) <25 63+ 13 1.80 ~p — nK+TKY SAPHIR MK [ GeVic]
1533 & 5(43) < 20 27 ~ 4.0 v induced CERN, FNAL
1555 4+ 1 = 10 = 26 11 ~ 400 ~p — nK+tK-—a+ CLAS <0
1528 + 4 < 19 ~ 60 ~ der ~*~indnced HERMES T
1526+ 3 + 3 < 24 50 3.50 p-p reaction SVD-2 ser -
1530 £ 5 < 18 3.7c p-p reaction COSY 2 b t b
1545 + 12 < 35 ~ 100 ~ dg p-A reaction YEREVAN = i DIANA: The calculated
1521.5 + l.-.'}t]_? < 6 221 4.60 Fragmentation ZEUS 10 ] (SO“d ||ne) mKN
=(1862) distribu-
1862 < 21 4.6 v induced NA49 o, s 5 5 s tion 182 Compared
- - MnK') [Gevre'] Wlth h
©.(3099)
3099+ 3+ 5 5.de ~* - indneed HERA data 166 .

The table includ data before 2007
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Pentaquark 0%(1540)

uudds
To understand the whole set of positive and null data on the ©+ (1530)-production, we sug- 1K+ or pk® . O+ (1530) 1+
gest the h pothesrs that multrquark hadrons are mainly generated from many- quark states, f VI JP .
hich erIF tge either as short-term h uctugtlons r as hadron re}m nts in hard pro- -
cesses I[:])g)roac allows us to escr e both non-observation of +1n current' null 2
errmentsa peculiar features of its production in positive experiments. Further, we are \ N{1710
e to propose new experiments that m| ht be decrsrve for the problem of the O+ existence.
tudres of properties and distributions of the ©+ in such experiments can give important -===

information on the structure of both conventional and multiquark hadrons. Tt would provide
better insight into how QCD works.

’————’————.E[ISHE

r’ ".
.____._ ___..___. Ts/2(2070

ddssT uussd
27 orz K EmorL K-
0 - - - DIANA: The calculated
(solid line) mKN distribu- »E , Integ = 834 »E Integ = 959
30 | : ; F(a) 8, 6,<100 Chi2 / ndf = 45.79 / 61 F (b) p, >120 MeV Chi2 | ndf = 48.62/ 61
tion 182 ! ComparEd with the sof- n Mass = 1538 +0.8472 s Mass = 1538 £ 09184
Sigma =3.431 +0.6885 c Sigma =3.563 +0.7349
20 data 166 . s 9F Signal =67.49 +1438 | > = Signal =68.08 +15.14
2 oE g‘u:_ scale = 0.9208 4 0.03379
o "
10 ,g %—mf—
D DIANA Collaboration g 3
1.4 1? I E . 8 E
Mok Teevie ITEP ArXivJuly 2013 8 E
D Iﬂ-l IﬂE ' Idﬂ 15 |5! 1.54 1.56 158 156 ; 162 -t‘-il; D |l1d 1.15I ; |48I ' I15I ; I|5!I I1 54 I155I 155I ; I|.6 ; IE?I 1-{.2-;{-
pK mass, GeV pK mass, GeV
Reprocessing of CLAS data
Sammury:

The experimental confirmation of existance of ©+(1540) pentaquark is still uder the quastion
Recently no special experiments devoted to seaching for ©+(1540)
The results od different experiments have a positive and negative results and is out of stetistics

/An explanation why the O+ is seen
in some experiments and not in others Azimov arXiv

2007 - 2012
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©+ formation in inclusive yD — pK - X arXiv:nucl-th/0607054v1 26 Jul 2006 Titov
Resanoble explanation of the peak absence

- We anal%ze the)J)ossibiIity to Broduce an intermediate O+ via a KN — O+ formation process

inyD - pK - X (X=nK+ pK 0 ) reactions at some specific kinematical conditions, in which a

pK - pair is knocked out in the forward direction and its invariant mass is close to the mass of Ax

(Ax = A\(1520)). The O+ signal may appear in the [yD, pK - ] missing mass distribution. The ratio

of the signal (cross section at the ©+ peak position) to the smooth background processes varies
from 0.7to 2.5 depending on the spin and parity of ©+ , and it decreases correspondlngsly if the
PK - invariant mass is outside of the Ax -resonance region. We analyze the recent CLAS search
or

the O+ in the yD — pK - nK + reaction and show that the conditions of this experiment greatly
reduce the ©+ formation process making it difficult to extract a ©+ peak from the data.

E=17-23GeV M,=1.52 GeV E=1.7-3.5 GeV
0.4 L B L B 0.15 R B B B T
yD—=pK X . [ 1D—=pK nK ]
> > ]
ik} @ D
G | S 0.10
i 0o ! S./N=0.5 El
% EED.DE
“o @'(3/2) o= ) D
° b [ c
0.0 N - © 0.00 — -
1.45 150 155 160 1.65 1.45 150 155 160 1.65
M, (GeV) M.+ (GeV)

Left panel: Missing mass distribution in inclusive yD — pK - X atEy = 1.7 - 2.3 GeV
and the pK — photoproduction angular cut (BpK - < 220 (c.m.s.z) and (11)-meson cut. Right panel:
nK + invariant mass distribution it exclusive YD — pK - nK+ at’Ey = 1.7 — 3.5 GeV and for

CLAS experimental conditions(i)-(v). Experimental data ffom Ref. [7]. In both cases, JO = 3/2-
and the ©+ signal is folded with a Gaussian resolution function with a width of 3 MeV.
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arXiv:1210.7316v1 [hep-ph] 27 Oct 2012
INTERFERENCE OF RESONANCES AND _ _
OB%E’%}(AA_AQM %a-ﬁlll'ggs@f"ﬂig ENT&&U&W r‘\%&&%’ aﬁglﬁwg dglﬁanstrated

b%/ the CLAS analysis of the reaction yp. — K Kp [8]. The @+ was not observed, and

rict bound was rowde%for its production cross s?ctlon This stimulated both'the
suggestion [4] and searches for an enhanced signal in rearrangement interference, which
resulted in thé paper [6

150

100

Counts/5 MeV

50

V™ 15 16 1a
My (K ) [GeV]

The new analr¥3|s of reaction yp — KS KL p [6] used the same data set as the earlier
analysis 81 d was, to some extent, similar to it. In both analyses one kaon was
reconstruc ed m/ the peak in the mass of 11 + 11 — pairs, the other by the peak in the
missing mass ptr + 11 — ). But the anaIyS|s [6] |n dlfference with Ref. [8], applied some
additional requwements to |mprove |dent| |cat|on o In both analyses the KS KL
spectrum shows a very ronounce (!8 |t was traditionally cut out, by
applylng the condltlon (p)>1 04 V AnaIyS|s f Ref. [6 , just opposite, used events
under the @-peak, with MX p) = 1.02 £ 0.01 GeV, where interference Is most efficient.
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Observation of a narrow structure in 1 H(y, KS )X arXiv:1110.3325v3 [hep-ex] 21 Mar 2012
via interference with ¢-me$§bn production

h 12 (PR A PR R DR AR PP B RE Y- 24 R YA PRHSEIRRMRY e ab eV
to the lgléelr(flt_erenﬁe betw(tjaenla s}rar:jge (or ahnt|-strange) tl)aryon [Igzsonanpe.ln Ithe p!?L systerrf1 %nd
OES e CrdeRa P RS Cimated h e S8 TIaIRB0R Fatio ol 16 rea0hant Lk Al A ckarund
hypothesis and the @-production based background-only hypothesis correspondsto 5.30.

i

KyK) 7 a—=—- KdK) = F ' ' '

L~ K(K) + mn.P L K, (K,) = 150p
P P70 E 100F
(Color online). Twa different subprocesses in the _ “ sop
reaction yp - pKS KL th?t can lead to the same final state: -

O+ (pKO S)productlon (left) and @-meson production (rlgh'S. oE Y AL

4 1.5 1.6 1.7
M, (K ) [GeV]
: . Missing mass of KS with a cut —-t@ < 0.45GeV?2 .

In our anal%/sls we looked for a possible resonance The daghecj line is a result of @ MC simulation, the dashed-
structure that interferes with @-production in the final dotted line is a modified MC distribution, and the solid line is
state KS KL p. We looked for deviation of the missing a result of the fit with modified MC distribution plus Gaussian
mass spectra of KS in the experimental data from the function.

missing mass of KS for pure @-production. =
Our ¢ photoproduction Monte-Carlo simulation is
based on the Titov-Lee model [28]. The angular de-

The looking for pentaquarks is based on
producing of strange final states so the

/An explanation Why the O+ is seen _ _ high bean energy is needed but in this
in some experiments and not in others Azimov arXiv case we have a multy particle final state

2007 - 2012 and as wos showned in numerous

analysis the FSI of known resonances
Thre are several groups (ITEP, PNPI, Jlab, JINR) mayyproduce an additional irreguiatity
devoted to explanation of experiments results in IM distribution.

Exotic - quark dynamic( like etain intermadiate states) quarks moleculas
eta ->uu +dd + ss -> (uu + dd + s) + s virtual pentaguark + s

pi + D -> etaN(1540) + p (threshold 680 MeV/c, Trecoil proton 30 MeV)
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Status of «neutron anomaly» NN in different reactions

Problem of Fermi motion -two apgroaches
Neutron anomaly came from p |onerengt:; work
theoretical and éxperimental = efforts

What is seen for d(ynn) ?

V. Kuznetsov et al., arXiv:0807.2316 [hep-ex] I. Jaegle et al., Phys.Rev.Leit.100:252002,2008.
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Kuznetsov background subtracted “peak” has width ¢ ~ 20 MeV

Integrated Strength of background subtracted structure ~ 10 ph/sr away from
backward angles.

S, background ~ 0.5 pb/sr in bump region.

If the bump is intrinsically narrow ¢ ~ 1 MeV then with suitably high E_resolution, then
one should “easily see” a structure with a factor 20 lower cross section.
MAMI has much higher intensity than GRAAL or ELSA...aim to determine p(y,pn)
upper limit < 0.1 pbfsr (still needs to be quantified)

H(ynp) @MAMI-C, §.R.M. Annand, Mainz, March 2009

New high statistics measurement at MAMI-C

PhD of L. Witthauer Preliminary PhD of D. Werthmueller
with Fermi motion with out Fermi motion

- & Ap—nn i
L) i
B - mh & AP—+T 1h & YP-ET
T ., v

— ) —
-: t e, - : o a ';.__L.....,...,l o
deild gy, - q'l‘\"I --I..
' e = 1678 Moy
" = {30 = 10} MaV
eyl e er-rri Ty
L) W, e
with out Fermi motion AZ

B very preliminary analysis on

f‘\ -hﬁi:-“"‘ « LI} (no efficiency corrections)

W~ 1675 MeV, ' ~ 30 MeV

"'. \u‘\k | =L'He
| - ey W~ 1690 MeV, [' ~ 83 MeV £ 18 MeV

B structure not due to a nuclens effect

Problem — defoldlng of E&rmi motion(W reconstruction from final-state)

3{ Kuznetsov and initiated both -- v
o study this effect and its origin.

Yn—+yn GRAAL (Kuznetsov et al.)
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Fig. 12. Beam azymnwlry for Lhe reaclion «yp — s [17]. The
PWA descriplion iz shown as zolid line {zolulion 1) and dolled
line {=olulion 3).
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Status of R(1680)
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i H i N I -« I K I %.‘ —sl

reléec?r%féasr?s .anq on (coincident neutrons, solid _ M M % ﬁﬂ—u-n
a%functlon of incident photon energy Ey . Left-hand [ Ty, et i s,

eri e e ] PR R e |
éﬁ&gg'um target. Open blue squares and open red G To06 1700 TH00 - 1W0G 1408 170G TH06 ~ 400 THO0TTORTHOn ~ I830 1400 700 9001400
AL op ?nd gn from Ref. [6]. Right-hand side:

efium target. , .

Bottom: same for cross sections as function of o .
reconstructed FIG. 3; Excitation functions for yn
nN invariant mass W . Black stars: results for free — nn for different ranges

roton - of cos(®n ) (from -1t -0.9 in
E%lb]frggt?o%pen red circles are present data after upperﬁ_efrt] O(mer t00.91tg 1IN
of the fitted S11 and background components. lower right corner). The fit curves
Curves: fit are as in Fig. 1.

st IE]sr éarn ]E& ort?ggpance (dash-dotted),

narrow structure (dashed), and full fit (solid).

Inserts: gn /g R
ratio rTrom pregent work (red solid circles) and from

&8lidYlack triangles). Recent result from A2 - - no angle dependencies
of «neutron anomaly»

/Desktop/SeminarHEPD/SemHEPD27 9



R a.ea&:) f
Precision measurment of eta photopgro uc}t)ion from proton by A2 collaboration

gw %u o - T T T T T T T [ T T T T[T T T [ Cross Section - Theta 0 - 180 Deg CM |
R i 1. I i 101
1 8
: o
1 4_—
L r i {
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_3 L L L :
1470 167k 1874 1770 1&E+D 500950 1000 1050 1100 1150 1200 1250
w {uﬂ‘ir:l Beam Energy (MeV)
mp in high ener resolutlon
FIC:. B: Tkanbinrg Logoede cedhclnts fran II.-' Sis booour eama({qwe% /&)ISO % I'%{
Aformiml crms weties . The mofcimis s pottod ne s total CS in high statistics 4 MeV experlment
Binetan of the con. merg; Ao s sl I la --'_| chrodis, i
Iy sgrems irbraapgles , manid Ay Dy egremn e ol .

On Narrow Nucleon Excitation Nx (1685)

&TE

G2E

&7F

S25

@7E

REF

0= 43 deqg, b T 0.—65 deg
C ++++ ++¢+¢+*_' +‘,+*¢¢¢¢¢
i + —1-”-‘”' +*+
TE'L —85 :deg ' T 6= 103 dag
= s et -
L wpatbpt Fopd T4t $i4¢
f"’l t + +.+++ . ++.++
, _ o ' o5 |- ! - ' ' .
;e =14Cd oms 7_""‘ AL .‘_,..
;T+¢++++++++ o — ;'.
‘ Dt

Lo 165 1.6 155 i7

Photon beam asymmetry m¥p — np
extracted from the GRAAL data,

The low right figure shows the ratio of
Legendre coefficient A1 /A0 (5)

extracted from data.

V. Kuznetsovl,2 , M.V. Polyakov3,4 and MJ Th” rmann4

AifAy

! . Our analysis showed that the data of [26] may indicate

! an existence of new
; narrow Nx (1685) resonance with l'tot < 50 MeV and
g & small resgnance photocoupling in the
1600 fﬁmﬁ‘ﬂlm P e e range of BrnN Ap ~ (0.3 -3) -"10-3 GeV 1/2 .
; ™ f%fn{iilﬁlljﬁ iy i 1 These parameters are in agreement with
o "y ;%ﬁgz“*f“m“ the analysis of the photon beam asymmetry in
W g

Yp — np process ..

Coefficients Ai of the Legendre expansion
normalized to the total cross

section (to A0 ). The coefficients Ai are

calculated using the data.
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R(aBsoOpf
Search for Narrow Nucleon Resonance in yp — np

A.V. Anisovicha,b, E. Klemptb , V. Kuznetsovc,d, V.A. Nikonova,b, M.V. Polyakova,d,*, A.V.
Sarantseva,b, U. Thomab

We conclude that the n]g&/ I?i 121 recision data on — — . S
YpP — np cross section o e_.(‘i ﬂrevea an interest- | Fae- s | ee
|n<1; structure in the mass region of 1660-1750 MeV. The aal e i
relatively smooth angular distributions suggest that this
%tﬁu%t#re <r:]<';1r|1dbef |tr|]]terpret%d Wlthlln the Pffor St Wa(\j/ets. ] I

reshold of the wp channe effec ata o g T eaeeE : FEaire :

ang my contribute by a coupling 5??% two %tﬁ reso- - =
nanceshto wp andf. byfahnon—respnang_yp G) pw traﬂsmon = i /A
Shengendignads ol medata s achigved, wisn huer L . . . .
cide which of the two mechaniSms is more important. = [ o9ee0-F TooeTiT
Assigning the effect to the P-wave, the data can be ex- o T ;‘/’;——r“ -
plained only with introduction of a narrow resonance, in I g LT

articular when the data [23, 24] on the beam asymme- o . . . . .

ry 2 are included. A narrow P11 resonance - intérfering el | e | reeeETT
destructively within the P11 wave - would be preferred Mﬂ% [
in this case. [ b I F - 5

High statistic polarization data on target asymmetry ol g s S —— S
and on the double polarization variable”F should pro- . ' ' s
vide the necessary constraints to define which partial o= I C * 2 i .
wave is ](els 600n?L|$5€0 fI(\)/Ir t\r}e_ stl[]ucture observed in mass ol r i 7—?"‘\—\,,3
region - in the pn.cross section. |n .
tﬁg ené)”: may prOVIde the |n}0rn§)ar{|0n nee&e 1 to (JECIde o= 7600 17'n0+ 1600 TFoa 00 o0
whether or not a narrow baryon resonance exists in this M(vp), MeV

The desc_rirﬁ)tion of the beam asgmmetry data (shown at fixed
angles) with our solutions. The open circles represent the data from

[23, 24] and full circles the data from [36]. The center values of an-
gular bins for [36] depend on the energy and are given as intervals

(from the lowest energy to highest one). The full curve corresponds

to the solution BG2010-02M, dashed curve to the P11 (+) solution and
dashed-dotted curve to the P11 (-) solution.

L L 01 L L
1800 1700 1600 1700

Prediction for the F-observable in the n photoproduction.

LEF
3 545‘:1*\ The full curves correspond to the solution with wp channel
pasf y: ey included
oaf / X to the S 11 partial wave, dashed curves to the P11 (+) solution,
"o j : dushed-dotted
e [0 Mtyp), MV Icijuti(z)rr\:es to the P11 (-) solution and dotted curves to the P13 so-
Sammury;

R(1680) really exist that confirmed by several collaborations _ _
The precision mearsument of eta photoproduction of protonshows a new details of reaction.

The obtained data were analised by main PWA geoups(Bj-Ga, SAID, Phenomenological analysis
but the only result is that existance of P11(1680) is preferable. Spin observables may help to solve

problem.
/Desktop/SeminarHEPD/SemHEPD27 11



Possible explanation of existance
from world theoretical groups(ITE

(c) (d)
@ o
H,\{K.l] ¥ H 'ﬁ".':.l:’*‘;.}
. K(K) + &P K (K
o o

b AL

Fig. 1. Feynman dizgrams ke Lhe 4d — ' reaction consid-
single-scallering amplitude M. (b) dowble-
scallering amplitude Afy. [L was shown in [24] thal (b} domi-

ered in [M4]: {a)

nates over {a) al backward angles for B ~ 700 bleV.

e(or nol{)) ofl\Penta%arks
, JINR, PNPI, JLAB)
E =1.7-2.3 GeV MD:‘I 52 GeV
0.4 —~ T T .
= YD—=pK X
3
[G]
i; o2 ! S./N=0.5
z
“g @(3/27)
© 0.0 /\
145 150 155 1.60 1.65
M, (GeV)

E=1.7-3.5 GeV

0.1 . ——

. YD—=pK nK

=

@

(:g 0.10 +

2 SHN017H+ H+++ 1' .
.§0-05 Wy TItOV
=

2

‘o ®'(32)

© 0.00

145 150 155 1.60 1.65
M"K+ (GeV)

150

100

Counts/s MeV

S0

G [TTITTITTITII 1T

Aziimov Interference

ounts0.005 GeVie?
1:1_

ﬂ b
ny

0

B b
29
8

a

>

do/p (s Mer'e)

Sibirtsev FSI

P (Mewv, c

Eta in intermedia state
Coherent production piD

e | i peak due to eta production

£ In intermadiate state at

1 o % M E =0.7 GeV(W = 1500)
%5708 07 e o5 T 95755 07 LR
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MesonNet 2013 International Workshop arXiv:1308.2575v1 [hep-ph] 12 Aug 2013
Mini-proceedings

The mini-proceedings of the MesonNet 2013 International Workshop held in Prague from

June 17th to 19th, 2013, are presented. MesonNet is a research network within EU Hadron-
Physics3 project (1/2012 — 12/2014).

MesonNet is a research network within EU HadronPhysics3 project (1/2012 — 12/2014).
The main objective is the coordination of light meson studies at different European acceléra-

tor research facilitiesy COSY (J’lich), DAPHNE (Frascati), ELSA (Bonn), GSI (Darmstadt)
and MAMI (Mainz). . .
The network includes also EU researchers carrying out experiments at VEPP-2000

BINP), CEBAF (JLAB) and heavy flavor-factories (Babar, Belle 1I, BESIII experiments).
he scope are processes involving lightest neutral mesons: m 0, n, w, r]I ép and the lightest
scalar resonances. The emphasis is on meson decay studies but we include also meson pro-

A2(MAINZ) involved in EU physics program andmicrotron and experimental set will be upgraded
N-N' physics as a sepreted branch:

mass origin — gluon component

decays

amplituad(potential), vbound states
invisible deceys(dark matter) -MM (TC?) technique

No experiments with pion beam !
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N' physics
N-N' physics — big gluon component?

Problem -precision study of ' meson in comparison with I meson

The precision study of [[-meson demonstrated a new unknown feature of N-meson
but good experimental data onl]' — meson is absent. Ths program is included in
future experiments of upgraded world fasilities as Jlab, KLOE and other.

£ 10’ |
% ?‘m'.. total l Tagger energy range: 4.7 to 93% of E
i "MMMM;S&“M% - - o v nn — R(1680)
s0il ; Fl t Maximum energy tagged ' 7Y i .
= i 10 I for E =1604 MeV is 1491 MeV n n-- R( ) IS resonance exist and
| its origin
. B But:
e f ity *1|'is an interesting field
Pl n cow ""('*h'i 1'is an interesting fie
F - . L B * Studies of n' decays at high rates
1 "il{l— ]'mgsib]c with the CB
aasy
. L n't 1
L L L
o 05 1 15
E 1447 Mev EfGRY

High energy tagger 4m detectors and 4m trigger : ~ 1000 crystals + CPCs

Magnet P E_"‘—- beam durmp

Focal plane laddar delaclor . = = I
-__ — . main & beam measure: E}' - Eg E’E
.E..!—r P P incident photon beam
Hodoscope —~ I h‘,
LI targat FIl
- H-
b
s P proton
5 GeV Pt 1
p IS = - F P neutron
Desmnaivabhr
E:ﬁ\\ " P deuteron
Cu Radiator Collimator
Tagger Crystal Ball TAPE
L9l
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Status of -meason physics

Eta- meson Eroduction in the resonance energy region. arXiv:1206.5414v2 [nucl-th] 22 Feb 2013

Shklyar,t H. Lenske, and U. Mosel

pROTOPIO Jc”ﬂo%”déﬁgac}ﬁ‘%'hcé’“ led-channg S OB el iR he SRR Eraar Sfogs SSciong & (5™ v, shiiyart H. Lenske, and U. Mosel

energies W=1.68 GeV is explained by destructlve interference between the S11 (1535) and Sll

gtates The effect from P11 (1710)t is found to be small but still important to reproduce the correct
shape of the differential cross section. For the 1 = N — nN scattering we suggest a reaction

e
msrgrlréterms of the S11 (1535), S11 (1560), and P11 (1710) states. Our conclusion on the
R he S11 (1535), S11 (1560), and P11 (1710) resonances in the eta-production reactions is in line
WI
our previous results. No strong indication for a narrow state with a width of 15 MeV and the mass

of 1680 MeV is found in the analysis. NN scattering length is extracted and discussed. 'IE'hre h (588 E
D092 EY a8
0Si +1.05-1.7
0.4 mega 2 £
— Eta' 1.45— 1.9
— -
%;. 0.3 E Eambdaféﬁ% 802.0
ER R(Eta' n) .80 -
C}“-Q Cusp in eta photoproduction
= due to eta' threshold or gluon
k. : 2
'_lg(].l [ e 6= 075 . MAMI2010 | | Component.
s 2 = . : * CB-ELSA09 :
Y IS @ fa craso (®) | cos 0 =0.95 (c)
1.6].71.81.922.1161?18]922]161?181922122 MAMI
(GeV) 0 0.5 1 1.5  EpGev
Differential np cross section as a function of c.m. energy at fixed forward [ T T T T T TTTTTTTTT T
angles. Data are taken from 1 1.5 2

CLAS 2009:[43], CB-ELSA:[20], and MAMI2010:[35].

UL ———

du

Sammury:
The high-presision MAINZ data provide a new step in understanding of reaction dynamics
and in the search for a signal from the weak resonances states

New resonance Eta'n W=2 GeV?
The new precision data from pion induced production are extrimly needed

N' — mesons problem (similar to I -meson)
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of effets of n-meson rescattering L

0S
ro
easurements n : :
%e ﬁllgulat?grqns energy resolution permits to see tﬁe sharp changes in shapes of energy spectra predicted

by ca

(L]

E,=6&0 Mav

E,=BEBS— 705 Mew

:

3
;

do/dp {nb MeV' e}

) =) Tia 560
E.=627— 665 MoV

do/dp (b wev™' )

. Ny
T

50
P (Mev o)

o

Experimental data — more accurate data - more problems in explanation

T, ~»= 1, PR [[Em=T v= Proton® projection |} [EfeT v= ProtonT projection |}

p (Mev o)

soopF

ngwow@mé‘ i @ E‘

L L ' L L L 1 L s
o TESTVGE TES BoS T Bet 8od 2eh Hod He5 foo

n

[[E=T v= Protont projecstion | [[Ei=T v= Protont projection |

TITEIEIEE

Ho TS RS B ERG Bos BaG NG HeS F oo

Sammury:

Good beam energy resolution is extreemly needed

A2 data confirm the feature of eta production from deutron butnew data with beam
energy resolution 1 MeV are needed.
Majority of results came from deutron target

Necessary and suffisient condition for using bound neutron fro deutron as a free neutron
Hight precision data — more complicatd theoretical analysis

Sibirtsev PRC 65 044047
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Recent results from reaction with strangness

Or}vlelstllgat %ra l?ér h(%géz%lon pp — pK Ot +A in search

Thgcri?c?r%t A pa% C I|ch ataaf’bbee Sk Stum%%w'th t eV{ in I(%raer to sea
oss eS| naI o n a ﬁ {1?’ deca1¥|ng Into h
mg our ¢ ar e eS| 2} eflnal da rotoB
axe ons ruce to 8 sran nelsénﬁgl d S|gna 3 D teeé oun
ol fetoatens laden ol %du%fgoﬁc R
|n erme IXVS' ?aqe 388 {n provide a SI n%can contr a UtISOI’IE e reactlon.

events
g 8
L.
o
——

N,
g
|

g
T

w 1 1 1 1 1 1 I
1000 1100 12040 !DD -iEH] -iEll] 15¢I]CI 550 GCII) SS’I] ‘I?CID

m,,wr (" p}, Mev,"c m,, (n A, MeV/c”
| t mass of 'IT+ stem Th dot[te area ?btalggr(]j from tr}i soI| lineis
i, ?ﬁn%masﬁ" BT R e
'|:rr1&‘m per Isszﬁ &l?feor% d|a f{{\]ﬂaﬂ? ‘?1 éj)?ﬂ rt]3ac K region co

Search for the ©+ pentaquark in the yd — AnK + reaction measured with CLAS

W’w Wty s

M No cuts
f"‘ Y
& *,
e ,

Counts/0.005 GeVic?

b p() Ko 3
FIG. 1: A possible reaction mechanism for the photoproduc Tl D]
tion of A©+ on the deuteron. i) (@i
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R@w distributions of the invariant mass of the

system after channel selection. Top plot: no
E'ﬁ%@?ﬁaﬁﬂtﬁfe applied. Bottom plot: the Ey

%ﬁsﬁceo}(}gpéﬁ@ematlcal cuts are applied. No

P rﬁUHﬁt'E"Lrgéis visible in the mass
GeV/c2 , indicated by the arrows.
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Recent results from reaction with strangness

Measurement of K+ A photoproduction with fine center-of-mass energy resolution at MAMI-C

A precision measurement of the cross section for y(ﬁ) K + )A has been obtained using the real
photon taggln% facility at MAMI-C and the Crystal Ba canrlmeter The measurement iS made

ossib ew K + ca% ta Rlng tech nlque in which the weak decay roducts are characterised

n the canrlmeter react |on IS one of the most promisingreactions to |mprove our
knovyledge of the exata}ﬂon spectrum o th e _nucleon. The new data at backward Kaon an?e

rovid es evi| ence for the exi tence of the disputed P11 (1710 resonance an |n icates Its lifetime is

onger than indicated in recent studies. No urrent artial wave ana t\,(Sls can accurately reproduce
the narrow features in the cross section in the region of the speculative Nx (1685).

The process yp — K + A has the lowest energy thresh-
old for photoproduction reactions with flnal state ar-
ticles conta nlngnstran eva ence uarks. This |sa] h
cial channe as odels ct oor establis
or ‘mis resonances couple trorﬁ % 8e decay
channes 2]. Isospin conservatlonl |est nly N
?nd not A resonances con}]rl Hte to_the reactlo S|m %
|n% e Interpretation of t ata, weak decay
allows access to its polarlsatlon rom the disffibu-
tlon of its decay articles and ensures that yp — K + /\
will be e first p oto roductlon reaction measured with
g ﬁto exP erimental observables, providing a
enc annel for PWA studies.

drid{l sl

deidil| phivr|

dmhE] [jilse]

LAE

Measurement of the yp — K 0 Z+ reaction with the Crystal &
Ball/TAPS detectors at the Mainz Microtro £10

5 I M — 5 o vewew FIG. 5: CoIor onI e) leferentlal yp — K + /\ cross sections
209 , cacisams Z0.9|-—soauns Z209] o xeran, s versus ack |I ed circles |s the current data with sys-
© 08| o corsamss © g — 802 © g.g| = Ko sezns tematlc errors aﬁ tte re ont abscissa. Red open Circles
0.7] o swmemaos 4+ 07| e | , reen filled circles and blue open dla-
o6 are da a of Mc racken et al. %and Brfa ford
eta 15 res ectlvely Dashed red ‘nes sh w its o
05 APHIR data an blue dashed s oWsS

straine KM f|t ba ed on JL m2891) ck dashed
line is the current Bn-Ga so utlon 30:Lra | includ-
j"ﬂ © Ing new data Is thic é(MbIack line [3 he SAPHIR data has
I T angle bins centered at cos 6K backwards by 0.05 than the
T E (G bins on the figure)

| |
11 12 13 14
E, [GeV]

CRﬁgg%Ehr‘éssnga%Eé%b'em - /Desktop/SeminarHEPD/SemHEPD27 18

R(1680) — magic W?



B B0 e
z et <10 L st
g -4 . ~ 40
= 4 iy b i i
n n
N8 2l
il i
" B ! R
4 " 8 e i s | )
z. P oh wecn | C -85t 070 o W
4 ‘ 40
; ] \E g Fig. 1. Feynman diagraniz for Lhe 4d = °d veaclion consid-
3 Uy : ered in [M]: (a) single-scallering amplitude Me: (b double-
= 4 2 scallering amplitude M. D1 wes shown in (4] thal (b) domi-
5 nales over () al backward angles for B, ~ 100 hleV.
b %.5 B8 07 08 09 10 11 12 %.5 B8 07 08 09 10 11 12
F {GeV)  {GeV)

Example of intermadiare state with eta-meson

The nature of bump at 1680 MeV

1. Resonance 1680 Mew.
The 'formation' type of experiment and the hidden strangness(like eta-meson)
as atidecuplet member maifested.

2. Cusp effect due to Ksigma

3. ewta in intermadiate state

SAMMURY:
Another channel and magic W= 1680. What is a nature?
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o/ ubarn

Quantum interference of particles and resonances

The study of sharp peaks must be understanded from theoretical and experimentals
points of views.

Theory:

Cusps effect (region of analyticl continuation, multy-channel cusps)

MAMI

1 1.5 Ey/GeV

IIIIIIIIlI
2
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Experiment:
Cusp indoi-p elastic — onlé/ one isolated inelastic channel -eta
Amplitude is reconstructed w/o R and A observables
£ 0% |
% ?“".’ total |
B e
B 102;_ fl TEU ' |
E i |
= — .
,é-..,f np : i, |
10 |- £ L R ESE!
RN c.. 7P @p epi o et
- ) 5 !I : |
L T
-~ et ‘:ﬁ‘g‘;‘_l‘h 1= n -
» =lf-i.11'z 0:||||0|5||||‘|‘||||-!I5 I
I T { aI 3 )
— i E = 1447 Mev  EfGeV
1Lk i [] 5
- g I [1 Iy
i YP—=NP
MR B! PRI T N T ST S NN S S R N I )
1.4 15 1.6 1.7 1.8 1.9 2 2.1

]
=
R=]

="

f+

= =
= b =]
R=]

! **' | wicev
= £ 3
- Ao
]

Tagger energy range: 4.7 to 93% of E|

Maximum energy tagged

for E.- 1604 MeV is 1491 MeV

But:

* 1" is an interesting field

* Studies of 1" decays at high rates
possible with the CB



Cusp in pi p elastic scattering due to eta-prodaction threshold

Loz

cos=—o.ao

o 0
W W
0 a
T T
¢

o]

[}

)
L

; - threshold »
- | -
i» * X D26 */
.26 ;
dg i
<d51 ‘L ' 2ab—
b/sr * H\HTLL )
o022 i = i
s
& I 1 el
o8 L
cose=-0.49 PP I
ola 1 L] ] 1 1 N 1 3
——T\-threshold (SR E=} .
b S

cose=-o.59

t ;" condose R .'pﬂr S LM
R Yo o7 Sea o.ég 5325) o o.;z sz%'n o7a - FrG. 7. By Gusn i b elastie soattering jcro,;s Etf n.:::h,[i:;l i‘?’?\’/’: 7e
s e Awl R etalbe
T Reange
e AR D.Binnie et. al. Nucl.Phys.B161(1979) 1-13
Advantages:
No other thresholds
Neutral finalstate
Cusp in charge-exchange and comparison of
o e two channels

¥IG. 7.6 Comparision of non-spin flip amplitude for T p eladtic scattering - -
at v -threshold from this experiment with different phase shift solutions. Del ' I I n ar H E P D/Se m H E P D2 7 2 1



Examples of «cusp» effects
EISA — cusp from Eta EPECUR BONN-cusp?

E,/MeV 1.5 1.7 1.9 2.1 WI[GeV]
1200 1400 1600 1800 2000 2200 T T T T T
1 02— T T T

=
o
[

++ ® G, /o, this work
Weiss et al.

TS v N AN ; L
RRR ! *N* A h N m
00af- \ ) g r } N L e T
. ;_ - II. \‘\{{ /%’ 80.04:— // [ ' ,‘ E : + + +

P

doid {2, mbisr
/o

ooz _ | r ! ! )

BEE \/ '%ﬁ{ Mg:—% # =2 A

O Dbt ot ot stk TR g, e B om0 08 e

7@/»_ P g, MeWic e E [GeV]
ot Icro ectlon for K
8 ction as a funcqlon of the centre- ¢ | Comparlson of

rt'p—rK“Z” ~ M, =1690.2 M5B P,.._= 1033 M>B/c e”ef%sf?rﬁnctg gﬁggﬂttgx e”me”t g“” A ﬁg n and neutron excita-
tp—KZT — M, =1691.1 MaB P, = 1035 MsB/c ystal arrel (open s Uare Ii SAPHIR
tp—on — M, =1722.3 MaB P,... = 1092 MaB/c (triangles) 122 [22 ata. The vertical lines

3 * Aand K * >+ threst’\oldshat W =
2007.4 an 2085 5 MeV, respective

Different thresholds and particle charges

yn(p) = K°A°(p) = =°n°n’n(p)

The «cusp» effect is clearly seen : : _
Rutherford Lab -p at eta-production threshold P coupled mode channelexplal;ls the neutron annmal} GRAAL results
clean cuspnoo her channels 1 I |
EPECUR — pi- p at R(1680) 0 JIme 1 Iniciesoyl ...ttt
ELSA gp->pi p at eta-production threshold .-r\i-'--_ B e e R,
MAMI gp->eta p at R(1680) production threshold = l.f A Z | = | sy
«Cusp» should be in S-state but gp->etap Al “ s \/\H L] w:: T
Other AO r A EE i » | il
EPECUR -cusp or R(1680)7? i 4] ) YRR T
& | - .

1500 1600 1700
WM 0 % I ke A7 18 .-p'
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Quantum interference of particles and resonances
Azimov 2010

It is a frequent opinion that in the energy representa-
tion a resonance reveals itself in the energy distributions
only as a Breit-Wigner (BW) peak of the form

(1)

| i iz_ u|-':
|E—Eg+il/2]  (E—Ey)?+(I/4)?

u’f_ﬁ B e’f_ﬁ B k_l ff_ﬁ % o((kal) % sin(24p — a) E > Ey
oy \dao), 2w\, : cos(26,—a)  E < E,
The new analysis of reaction yp —
KS K

L p [6] uSed the same data set
as the earlier
analysis [8] and was, to some
extent, similar to it. In both analyses
one kaon was

INTERFERENCE OF RESONANCES AND

OBSERVATION OF THE ©+ -PENTAQUARK But even now one can rephrase Mark Twain’s letter to

arXiv:hep-
ph/0904.1376

Let us return to the interference of resonances. If the
energy dependence of an amplitude contains not only a
resonance BW term, but also some additional contribu-
tions, which provide a background B with respect to
the resonance, equation (I} for the energy distribution
changes and takes the form

2

|2
il
|

|a|

B 5 Y T
(E — Ep)*+ (I'/4)°

= |B|*+

T E-—Ey+ir)z|

N 2|Balcosg - (E — Ey) + |Balsing - I’
(E — Eo)? + (T/4) ‘

(2)

where ¢ is the relative phase between a and B. On the
right-hand side of equation (2}, the first two terms pro-
vide the non-coherent sum of the background and BW
contributions, while the third term describes just their
interference. Let us consider properties of the interfer-
ence in more detail.

Azimov 2012 say: “The report of O+ ’s death was an exaggeration”.
2 5 ' ' ' ] InterfOfResPentaquark.pdf arXiv hep-ph 1210.7316 2012
= 150p -
v - . Sammury:
E 100 - Interference in pi-p is clearly seen

= C ] Interference resonance-background should be tested
S 50;_ E CLAS Multy-cnannef effects?

P 1.5 1.6 1.7 sktop/SeminarHEPD/SemHEPD27



Experimental problems
I-F())W tonnmprove rgtlro el?fectW)ackgrounnd?

What is seen for d(ynmn ?

V.Kucsnetsov el al., arXivi0807.2316 [hep-ex] I. Jaegle et al., Phys.Rev.Lett.100:252002,2008.
@ F @0 ,
ao- I . R truct W
5 L 5 r a , , +[{;\{ econstruc .
S r S &0 % ’tf,‘* - 7 & ij irom mn & recoil N
Do o [ = DonH L
- - ot t ‘++ o 7 #
= N = 60 r E n .
4o [ amp Ll v
i 10 = nn/(2/3) N ~ ]
o v P 1500 1600 1700 1800 1500 1600 1700 1800
3 i WlMeV1 W, IMeV1
20
L 20 .
n + Kuznetsov background subtracted “peak” has width ¢ - 20 MeV
o [ " Integrated Strength of background subtracted structure — 10 pb/sr away from
backward angles.
C 1 1 kL 1 1 1 1 1 1 . .
1000 1100 1200 1300 1400 1400 1450 1500 1550 1600 1650 1700 S,, background ~ 0.5 pb/sr in bump region.

m,,, (t'p), MeV/c’ m, (1°A), MeV/c’

If the bump is intrinsically narrow ¢ ~ 1 MeV then with suitably high E_resolution, then
one should “easily see” a structure with a factor 20 lower cross section.

MAMI has much higher intensity than GRAAL or ELSA...aim to determine p(y,pmn)
upper limit < 0.1 upb/sr {still needs to be quantified)

H{ynp) @MAMI-C, . R.M. Annand, Mainz, March 2009

'IEZIXP I&%_eRgatfﬁ{lb‘[)?ehgosy PP(left) AND Kuznetcov(right)

bne rt%??gtlsg Signs background =
etter mass resolution =— mainly determined by eta mass(50 Mev) =
Pion beam -much better ratio signal/background e

1+2->3+4 2 DOF
1+2->3+4+5 5 DOF

-, g i,
(= ® beam} {Gev)

Pentaquark came from «production' experiment Expected ratio signal/background
Majority of exp. data(etaN) from «formation' experiments for TC technigue

Problem: experimental progress(beam energy rsolution and statistics display a much more complicated picture -
a lot of sharp bumps in energy and angle dependencieses. The reason is a consecvences of better resolution (like cusp

or spetial reaction mechanizm(eta in intermadiate state, FSI) or new narrow missing resonances. So we have got two
problem — to obtaine a new peaks abd find reason of suth peaks

«»FORMATION» experiment — much more complicated picture in comparison with «PRODUCTION» experiment ?7?
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Experimental methods of resonances study

A+B ->R ->C+ D formation experiments (EPECUR) -extation function

Main features: reaction identification, good beam energy resolution
for measurment of resonances width good ratig sll_:gmall ackground
A+B->R+D production experiments (PENTAQUARK) — MM IM
Main fetures: good energy resolution for resonances decay particles.
Really resolution is limiteéd by30-40 MeV — ener%y resolution of n-mesons
A+B"->R+D Threshold — crossing technique

Main features: good beam energy resolution, good energy and angle
resolution for recoll particle.
The results of R(1680) study . _ _
The neutron “bump?” width is limited by energy resolution of experimental set
“mainly by shower detector
Problem wijth neuteron targiet . Gatchina-Bonn analysis, Teoretical calculation
and presision experimental data
Interpritation of “heuteron anomaly”, Interference , resonance or cusp?
gn->gn — hudge background from’pi0
Standard way: DCS and polarization

The increasing,of experimental accuracy open a new problems
The problem of “neutron anomaI)( is one of the most interesting problem
in medium energy physycs from theoretical and experimental point of view.

The independing methods for study of nature of “neutron anomaly”
are very important.

«Neutron anomaly» is published only by ELSA group, A2 published only in arXiv

The stright way is to obtaine Dalitz Ila_lot in production experiment but usually the final state
he Dalitz plot reflect a lot of reaction nmehanizm as

particles are measured only partly.

FSI, rescattering so it is very easP/ to get kinematic bump due to not full solid angle or
misidentification final state particles(example — DIANA experiment)

The Evidence for a Pentaquark Signal and Kinematic Reflections arXiv 2003

Several recent experiments have reported evidence for a
narrow baryon resonance with positi 40

Strangeness (O+ ) at a mass of 1.54 GeV/c2 . Baryons with
+1 cannot be conventional qqq

states a |

and the reports have thus generated much theoretical
speculation about the nature of possible S =

+1 baryons, including a 5-quark, or pentaquark, £
interpretation. &

We show that narrow enhancements

in the K + n effective mass spectrum can be generated as /Desktop/SeminarH EPD/SemHEPD27 10+

kinematic reflections resulting from the
decay of mesons, such as the f2 (1275), the a2 (1320)

and the p3 (1690). 0

.
16
MKy [GeVe’]

1
1.7



Sammury and outlook
1. The existance of pentaquarks and nature of “neutron anomaly” is a challenging task of medium
energy physics both from theoretical and experimental point of view. The one of theoretical
pictures is the hadron is a mixture of three and five quarks components and it is a way to describe
thr resonances spectrum. Up to now threr is not real confirmation on existance of pentaquarks and
spetial experiments devoted to looking for pentaquarks

2. The numerous indicatio ns on existance of R1680 is still need confirmation
. The width of R1680 is resolution dominated. The are indication on existance Eta' n resonance
W (2070) or .pronounced structure is observed between K* L and K* Sigma thresholds

3. LMP — cusp problem elsstic and charge-exchange reaction. Now the program «Meson» for
simulation of pion channel was modified for channel resolution study. Goal — to modify channel to
rach r esolution ~ 1 MeV

4. R1540 — possible systematic? Negative and positive results out of statistics. No devoted experiments.
5. “Thereport of ©+'s death was an exaggeration” (Azimov — Mark Twain)

6. The main problem — is the observed narrow bumps really belong to antidecupret members(pentaquarks)
or it is another nature of such narrow bums

7. The recent servays(2013) stress the lack of new high precision data from pion beams
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Threshold — crossing technique

Threshold-crossing technique(TC) is other way of resonances study
Quazi TC method - -- limitedet number of kinematics vars

|__Recoll Proton Energy vs Beam Energy |
— 0.3

. _inthresheld
.......gl(fnmmshgld.........

01

0.05

i.H_HH‘HH‘\HI|IIII|IIII|IIII

Idea and advantages
1. The resolution is mainly determined by beam energy resolution
2.The MAX Jacobian peak is a best ratio signal/backgroung
3. The method permits to study narrow resonances
4. The “low” branch is sutable for resonances search for at high
energy like ELSA or CLAS xperiments(poor beam energy and
good recoil proton resolution

1.1 GeV — energy of R and w- meson production threshold
Influence of w and p — mesons productions.
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Threshold — crossing technique

Experimental confirmation from N-meson photoproduction
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The experimental test of TC
technique confirmed the prospects

of its using for study of narrow
resonances. The accuracy of

method depends on beam energy
resolution.

Accuracy: width — 4 MeV
cross-section 5% from eta
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Problem of deutron as neutron target

Deuteron target strong differences — not only Fermi, final results on cross-section
strongly depends on applied %uts

IM and’"MM spectra fron H and D

TCforHandD

[ ProtonMM w/o cut |
=10

=
200

150

100

50

Main digrams for n - production

o

P B A
900 1000
MM (MeV)

PSP I S S S S S S [T ST T U N [ S S SN S S S B
100 200 2300 400 EDD 600 TOoOD 800D

=}

Problems: Fermi defolding, rescattering and FSI, effects out of shell
Cuts should reject FSli

Strong influence of reaction mechanizm in deutron. TC removes rescattering
and effect of Fermi motion is clear seen
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Comparison of MM spectra for Comparison of TCspectra for
H(red) and D(Green) target H(recl?) nd D(Greenp) targets

TC permits to use main advantage of exp set — good beam energy resolution
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Pentaquark problem still exist. Experiments are planned in MAINZ
and PNPI-IHEP. The TC method may be applied for looking for
R(1680)(eta-neuteron system) on deuteron target in reaction:

The problems: indeg.e dent method . :
to a\g |§|r3f Iue]nce of Fermi motion
two-body final state

Reaction of interest:

vy+D - y+N+(P)—> n+N+ (P) - R(1680) +P

| Ebeam vs Tproton |

0.5
D

a5
0.4
0.35

03

0.251
0.2
0.15[

0.1

0.05

Kinematics of R(1680) production

Reaction y+D->R+P

Kinematics of recoil proton

m;l\‘\l\lll‘\l‘l

B-* L

TR R B R
1.3 1.4 1.5
Egamma GeV

I:‘%x%%[é@ﬁaﬁ@ag%%%g in ITEP(ITEP-PNPI collaboration on pion beam):

Threshold 0.88 GeV, nearest threshold 0.92 GeV — weak cusp influence
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Simulation of R production on pion nd gamma beams
R(1680) and R(1500) and Comp R-> eta+N for different energy ranges

Problem:

eta- production TC background accurasity 5% (Tagger problems)

omega production — 5% to eta production

Expected R production - 0.1 to omega productio
It is easy to simulate know process but problem with unknown physical
and experimental background(tagger problem for example)
So we need to choose cuts for good ststistics and good

ratio effect/background

Kinematcs of R(1500) and R(1700) production on gamma and pion beam
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WEtaN+Zbody
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Main info for counting rate of reaction yD — RP
Couting rate is based on Kuznetsov result — resonance + 3 body final stae
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V.Kuznetsov et al., arXiv:0807.2316 [hep-ex] 1. Jaegle et al., Phys.Rev.Lett.100:252002,2008.
500 — At nmns | g T .
RN oo ol 4 4  Reconstruct W
ol N {\ﬁm it 3 _ ,
a3 - N 5 N *‘ ‘\ & recoil N c 10 3 f
af o2 N 1) M S A total
g e "1'5- o Uzi_l‘f‘_f-ﬁ"‘z.“zh w2 oo ++* . ‘EL r y 1" Mﬂ_ . ! Tagger energy range: 4.7 to 93% of E|
g os| | h so- . ’ g |, o - [ it i
g Z: } :#)_,(\& ,: 3 H_ j{ R L 102 #: My ’ ""’"‘I“F"'Ji""u Maximum enerpy tagged
aspal Yy ";'_N “a= T , Coamp M Eoaf 0 for E = 1604 MeV is 1491 MeV
n,z . -’:: ¥ ".‘. : . “n,( ,/3) Jo E 5 | )
e T g S TS0 7600 1700 1800 1500 1600 1708 1600 L M
i i, Ge W,MeV] W, [MeV] [ : |
wk ¢} "HIHEIE Bufz- . .
Kuznetsov background subtracted “peak” has width ¢ ~ 20 MeV Eo ﬂ : _T'";'i}i‘] *1'is an interesting field
Integrated Strength of background subtracted structure ~ 10 pb/sr away from Lo 1Ry, { | ' SIIJd_lE]S ﬂml d;cag;at high rates
backward angles. Foa L 2ot possible with the
S, background ~ 0.5 pbfsr in bump region. ! E * ﬂ'-l
Evvv o b s by il 1
If the bump is intrinsically narrow ¢ ~ 1 MeV then with suitably high E_resolution, then o 05 1 15
one should “casily see” a structure with a factor 20 lower cross section. E =147 Mev  EfGEY

MAMI has much higher intensity than GRAAL or ELSA...aim to determine p(y,pn)
upper limit < 0.1 pb/sr (still needs to be quantified)

Hi{ynp) @MAMI-C, J.R.M. Annand, Mainz, March 2009
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Events reconstruction

Common cuts .
3 clusters.in CB and 1 cluster in TAPS
normin CB w

coplanarity

n or 1 in CB and third cluster in CB
3 clusters in CB and cluster in TAPS

PID 1(charged) or O(neutral)
Veto 1(charged) O(neutral)

TA2PhotoPhysics TA2PhotoPhysics
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200F
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ng 140
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TC for R(1680) production
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Experimental data for
deutron(green) and

Simulation of R(1680) hydrogen targets

| R yield P-R D |

N events
I|IIII|IIII

R threshold
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The width

of R peaks mainly is resolution
dominated
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Reconstruction of yD—R(nNN)P
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Reconstruction of yD—R(nP)N The difference of R(1680) yields from
Ratio(branching) R ->n/p =4 hydrogen and deutron targets

Really it is a cheking of reconstruction algorithm,
we expect kinematics fitting
from Kulbardis
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Comparison of counting rate s of reaction yD — RP and yP — wP
y|:|)=—> wP CSw 1021 6 =10 ub

F =10 6|nel d‘_> n) = 10 pb
r w >1'rlj rw = Rp & H
wyield =
atio 6inel (M1700)I6|neI 0.04 neff=0.4
Ryleld 6inel * Ratio neff
R’= Ryield/wyield = CSw * Brw / 6inel * Ratio * neff *BrR= 10 * 0.09*0.4 /10 * 0.04 * 0.4 =0.22
Rexp=22/66=0.3

So we have ot the reasonable agreement between expected and measured ratios of w
and R Kle Ids if the branching of decay R —In is 100%.

The other decay channel of R may change the expected ratio
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Thresh Id

KOSigma+ 1.05 - 1.7
11

Eta'1.45—1.9

Reaction tresholds

MAMI

Sammury of recent results

0 0.5 1 1.5  EpGev
IIIIIIIIIIIIIIIlI

1 1.5

T
uudds = 3 5 = 23%8s 5%
+ 0 At {15 + N
ik urph . ©7(1530) JP = 1 nK+ CLAS -no signal
) 9 Ks CLAS mterf S|?nal
N N(1710 RER C© ump .ROBEB(?VFA?N%
‘ - ‘ Klambda MAMI bump at W(1680)
Ksigma MAMI — no signal
168+ 2.0 peta — sharp changing in A1(MAINZ)
] e e ¥ (1890) pip EPECUR pip-sharp effect at W(1680)
1.80- 2.1 , ‘!‘ ‘ R(1890) 27
,,*' ‘ J," ‘*1 / '*,‘ R(2079) BONN CUSP from K* L K* Sigma
@ -0 @ ——-@:207)
ddssT uussd
2t orz K =T orX T KT

No dedicated experiments on searching of R(1680) were performed
All results from reprecessing of old experimental data

Main features of problem —the increasing of experriment accuracy
leads to new problems in phenomenology(like a cusp problem)
Reprocessing data(CLAS,Bonn) for looking for R(1890), R(2070)?
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The draw of experimental set for study of narrow resonances

Forward detector —.somethin eg like HANS
B/geso ex erlments are possi
am enerqgy res utlon—MAMI ITEP
0 eam energ resaolution, éieuteron target and W reconstruction
rom recoil particle in forward detector.

_ EPECUR
experiments on pion beam — much more clean

signal from eta

e P W I m+P -> m+ P formation experiment

m + D ->R + N production experiment

R ->nN
TN
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Pion Channel Status Main task is to improve momentum resolution

1. Program of Pion channel simulation is recovered on PCFARM(Kozlenko,Filimonov)

2, Method of experimental study of pion channel is developed(Preprint PNPI

Bekrenev et al NP -40-1994 1982)
3. Sumachev analysis -(resolution is limitedet by multiple scattering

The best pion channel (Rutherford Lab(180 kev energy resolution)

G KL
_ HJ
Beam : ‘Hyd.
a1l g2 Sm
M1 M2 v —

Fig. 1. The momentum spectrometer. The trajectory of a beam particle was registered in the five

multiwire proportional chambers, G, H, J,K,L.Gand H were at conjugfite points with .unit
magnification, so that to a first approximation the momentum of a particle vifas determu:ied by
its relat{vé-positions in these two chambers. Note the long lever arm to H which gave a high mo-

mentum dispersion.

Results of pion channel Study

2000

Physics tasks:
1. Cusp in charge-exchange

2 «Deep» in charge-exchange
3.Level' 4 MeV On12C

4.3He ->T

1000

100 200 300

HomMmep kawxana [I3K
Puc.Is. Amz{mrymmﬁ CICKTD, IIOJNYYOHHHN TIIDU TIOIAaXaHpmr
Ha COOprRYy nl'yqxa HacTnil ¢ UMIYJIALCOM 200 MsB/c.
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Outlook(PNPI)

1. Cusp problems

confirmation of cusp in elastic pi-p

cusp in charge-exchange _
cusps description in both reactions

2. FSI in eta-production on deutron

pi+ + D->eta+ p + p — etaP FSI
pi-+ D ->eta+n+ n—etaN FSI

What is to be done:
1. Resolution of pion channel(~ 1 MeV)
2. Forward proton(neutron) detector

Advantages
Clean signal from eta-production

No other thresholds
Simple amplitude

The pentaquark problem needs

a beam energy resolution ~ 1 MeV
(expeted width of resonance)

but thre are a lot of other reasons

that may course an irregularity
in cross sections. So the study of
of this reasons is the additional

task of experimental program.

The looking for pentaquarks is based on
producing of strange final states so the

high bean energy is needed but in this
case we have a multy particle final state
and as wos showned in numerous

analysis the FSI of known resonances
may produce an additional irregulatity
in IM distribution.

Exotic - quark dynamic( like eta in intermadiate states) quarks moleculas
eta -> uu +dd + ss -> (uu + dd + s) + s virtual pentaguark + s

pi + D -> etaN(1540) + p (threshold 680 MeV/c, Trecoil proton 30 MeV)
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Sammury and outlook
1. The existance of pentaquarks and nature of “neutron anomaly” is a challenging task of medium
energy physics both from theoretical and experimental point of view. The one of theoretical
pictures is the hadron is a mixture of three and five quarks components and it is a way to describe
the resonances spectrum. Up to now threr is not real confirmation on existance of pentaquarks and
spetial experiments devoted to looking for pentaquarks
2. The existance of 6*(1540) resonance is still under the question. The numerous theoretical and
phenomenological work (JINR, ITEP, PNPI) devoted to explanetion why resonance is seen in some
experiments and do not seen in other..
3. The numerous indicatio ns on existance of R1680 ( “neutron anomaly”) is still need confirmation
. The width of R1680 is resolution dominated. The are indication on existance Eta' n resonance
W(2070) or .pronounced structure is observed between K* L and K* Sigma thresholds
4. The new independent method for llooking for R1680 is needed.
Now the world loboratories re-analys data to understand the bump-like structures in various
reactions but increasing of quality experimental data opens the new problem.
5. The experiments on pion beam of ITEP is perspective to study pentaquark problems.
6. The improving of pion channel of PNPI is needed for experiments on eta-mesonproduction.
7.High beam energy resolution are nessesary. FNAL project(Sadler)

Recent results from MAMI-C
1. Np at W(1680) problem

2.Nn from light nuclei

3. Klambda at W(1680)
4.9gD->Rp or Rn — new results
5. New experiments with beam energy resolution 1 MeV

We must keep in mind progress in EU Hadron Physics Project
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Kinematics of R(1540) TC
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& * ] nr . to,-"'-—T.EEL}i.I
P proton E o T N
A18.Gey P neutron | e
Prsmsatrathing 1 e + n .
P deuteron ST
Cu Radiator Collimator 0 05 1 15
Tagger Crystal Ball TAPS E = 1447 MeV E{GE‘-‘V
s

/home/bekrenev/Macros/Sim/r1680/gDRX.C
/Desktop/SeminarHEPD/SemHEPD27

PV PRI I S
11 1.2 1.3 14
P, GeV/c

PiD->R(1540)L(1102)

Tagger energy range: 4.7 to 93% of E|

Maximum energy tagged
for E.- 1604 MeV is 1491 MeV

But:

+ 1" is an interesting field

* Studies of 1) decays at high rates
possible with the CB
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Sammury and outlook
1. The existance of pentaguarks and nature of “neutron anomaly” is a challenging task of medium
energy physics both from theoretical and experimental point of view. The one of theoretical
pictures is the hadron is a mixture of three and five quarks components and it is a way to describe
thr resonances spectrum. Up to now threr is not real confirmation on existance of pentaquarks and
spetial experiments devoted to looking for pentaquarks

2. The numerous indicatio ns on existance of R1680 is still need confirmation
. The width of R1680 is resolution dominated. The are indication on existance Eta' n resonance
W(2070) or .pronounced structure is observed between K* L and K* Sigma thresholds
3. The new independent method for llooking for R1680 is needed.
Now the world loboratories re-analys data to understand the bump-like structures in various
reactions but increasing of quality experimental data opens the new problem.
4. The threshold-crossing method was applied for searhing for R1680 in reaction yD->RP

5. The experimental data of A2 collaboration were processed for study of new method and
searching for R1680.

6. The independent indication on existance of R1680 was obtained.

. The decay channel R — np was founded

8. The independend processing of experimental data with kinematics fitting method is
needed for confirmation of obtained results.

9. This method may be used for searchin for R1680 in experiments on pion beam of ITEP.

10. The ex]erimenta in full kinematics (neutron energy measurement) are needed.
11.Signal from R(1680,20) is clearly seen

\‘

12.Increase statistics of A2 collaboration
13. EPECUR - advantades, prospects and modification

14. LMP — cusp problem elsstic and charge-exchange reaction. Now the program «Meson» for

simulation of pion channel was modified for channel resolution study. Goal — to modify channel to

rach r esolution ~ 1 MeV

15. R1540 — possible systematic? Negative and positive results out of statistics. No devoted experiments.

16  “Thereport of ©+'s death was an exaggeration” (Azimov — Mark Twain)

17. The main problem — is the observed narrow bumps really belong to antidecupret members(pentaquarks)
or it is another nature of such narrow bums
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Role of the Final State Interactions in Extraction of Inter-
action Parameters

Strakovskyl , W.J. Briscoel , D. Schottl , R.L. Workmanl , A.E. Kudryavtsevl,2 , and
V.E. Tarasov2

arxiv:1304.5896v1 [nucl-th] 22 Apr 2013
PWA tools in Hadronic Spectroscopy

test

/Desktop/SeminarHEPD/SemHEPD27 46



arXiv:nucl-th/0611036v2 12 Apr 2007

T
Fyn-=nn

@ (uh)
@ (ph)

@ iph)

i 1 1 1
L] L8] 1 1.2 14 Lo

E_ife¥)

yn — nn total (left) calculated using the parameter set The cross sections as in the left part
yn — nn total and partial wave cross sections. and with different choice of the neutron helicity amplitudes but smeared out over the Fermi motiol
The kinks at 1.61 GeV and 1.72 GeV are the  for the S11 (1650) and P11 (1710) inside the deuteron.
threshold effects coming resonances: An (S11 (1650))=-24
from KA and wN . (dashed), An (S11 (1650))=-16 (dashed-double-dotted), 1/2

An (S11 (1650))=+3 (dashed-dotted),

An (P11 (1710))=+17 (dotted),
where tHe helicity amlitudes are given #Rinits of 10-3 GeV-2 . 1/2

Res param were extracted from pion data
Now data from gamma obtained and.
Precise pion data are extremly nedded

Wdmat is to be
Cusp pics
Pion channel PNPI
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arXiv:1204.6433v1 [hep-ex] 28 Apr 2012

EPECUR

The nature of the irregularity could be either connected to a narrow resonance
with mass around 1690 MeV or to the threshold effect, caused by opening of the
channel mp — KX

arxiv:1304.5896v1 [nucl-th] 22 Apr 2013
st RMAdOnIeIRL IMadnonie e oLERSRoRNN o) s penbeatd e

unprecedented invariant mass resolutign. YWe plan to, measure ditterential cross s
re cﬁons T-p—->T-R andSTr -p— I%% / V\F/)lt igh statistics ano[ etter than a MeV Invariant

jution. If the 18 i Twill provide statistically significant
FR2R S eI MEastrs 1 Width o the. preciabn batter thart 0.7 ey >tcaly significan

The nature of the irreqularity could be either i
connected to a narrovég| resorYance wﬂﬁ mass around 1690 MeV and width of 5-10 MeV or to

R L S T S AN G
andJT—-p — -(s= . A Ny : . u
antl(}-er:coaplet, S oulo( be in %-W_ave, WP}lIet & Thres _oﬁg_eﬂ]ec Shadid manifest ifsRif I S-wave.
Tkr]le structure obser\t/_e? in the dltﬁerentlalhcros_s sectionis a re?tf)lt of an méerfvsrenlce ?f a flastt

ange in some partial wave slow cha non:resonan ound. We plan to collect .
Farge .tallﬂstPcs s nlarr\cl)vwvreg\;’}/cl)r] pbe\:’glm :rl%88—16]76 l@l%\?]c, w %(ﬁ Will 6w Gs 1o plot Jata in
more fine anﬁle and ener%/ bmmng_m order to find o&;t which wave is affe_cte?. Further analysis
of the data already collected, including data collected with positive pions, is also under way.

THE IRREGULARITIES ARE OBSERVED IN 1~ CHANNEL AND ABSENT IN 1" CHANNEL

Role of the Final State Interactions in Extraction of Inter-
action Parameters
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DAANTUIN O LI NvVoLuUIr 1 TUCORLUMPIMATUCITOS/IINITIHTTIU

The questiaon of the exjstence of multiquark hadrons

has been raised at the beginning of the quark model, and
Is regularly revisited, either due 1o fleeting experimen-

tal evidencCe or to theoretical speculations. In‘the late
60’s some analyses suggested a possible resonance with
baryon number’B = 1 and strangeness S = -1, opposite
to that of the A or Z hyperons.

2 a) b)
; M 7p total ! Hm p total
10?2 b ( : g8 (
10
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| y Opr+
EQ--.-I*
10_1_ i ¥ E+KU L} ¥
L 1 L 1 1 1 1 1 1 L c:'l 1 1 1 1 L L L 1 1 |d]|
M p total p total
| N
' :IE+T[ ' :.Tp.::'.b .[]!1 nuunﬂu o “unnpp
1w ¥ TnTT L Yo
"fp?;]:hﬂﬂﬂﬂ“ﬂ“ﬂﬂu“unnnu ‘i' AR P(‘U
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! [ .4“*:4;_.,“
-1 -
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Role of the Final State Interactions in Extraction of Inter-
action Parameters

AI/AIV.UJUVU L.LUJIJI VL |TILY M) &L UL LUUVUJY

2008b) from where we quote the final conclusion: The
whole stor%/ - the discoverjes themselves, the tidal wave
of papers ¥theorlsts and phenomenglogists that fol-
lowed, and the eventual undlscovehrg - IS a curious
episode in the history of science. The evidence for a
entaquark interpretation (Kuznetsov, 2008) of a nar-
g\vpeak in the nn invariant mass spectrum at 1680

Is weak; the peak Is observed in photoproduction of

Sibirtsev PRC 65 044047 /Desktop/SeminarHEPD/SemHEPD27
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O+ formation in inclusive yD — pK - X
arXiv:nucl-th/0607054v1 26 Jul 2006 Titov JINR

‘We analyze the &ossibility to}g
inyD — pK = X ( =nK+,E 0)
K - pair is knocked out in t

roduce an intermediate ©+ via a KN — O+ formation process
reactions at some specific kinematical conditions, in which a

e forward direction and its invariant mass is close to the mass of Ax

p
(Ax = /\(15202). The O+ signal may appear in the [yD, pK — ] missing mass distribution. The ratio
of the signal (cross section at the ©+ peak position) to the smooth background processes varies
from 0.7 to 2.5 depending on the spin and parity of ©+ , and it decreases correspondingly if the
K - invariant mass is outside of the Ax -resonance region. We analyze the recent CLAS search
he O+ in the yD — pK - nK + reaction and show that the conditions of this experiment greatly

Y p
reduce the ©+ formation process making it difficult to extract a ©+ peak from the data.

f AF L AF
P : K* n : K®
1 1
D n & D P at
(a) (b)

E=1.7-2.3 GeV M, =1.52 GaV

hi

0.3 .
1D->pk X
=
4]
@ 02
0
="
= 01}
= | 5,.MN-0.15-0.52
0.0

1.50 1.53
M, (GeV)

1.56

The pK - pair must be knocked out in the forward direction. In this case, the
momentum of the recoil kaon is small, and it can merge with the slowly moving spectator
nucleon to produce a ©+ .

The CLAS experiment [7] to search for ©+ was designed to study the direct yn —
©+ K- — nK + K - reaction and, in principle, it does not satisfy the above conditions.

Reaction yD — pN K - K.

E=1.7-2.3 GeV M_=1.52 GeV E=1.7-3.5 GeV
0.4 s e — 0.15 e
+D—=pK X yD—=pk nK’
> =
B o
) %U.H]
E} E!
% E"U.UE
|_-H' '_D
3
_SCI.EID
1.65 145 150 155 1.60 1.65

0.0 .
1.45 1.50 1.55 1.60

L M %39‘.-!] . : M {GEV.}
Left panel: Missing mass disfribution in inclusive yD — pK - X at By = 1.7 - 2.3 GeV
and the pK - photoproduction angular cut (BpK - < 220 (c.m.s.)) and @-meson cut. Right panel:
nK + invariant mass distribution in exclusive yD — pK - nK + atEy = 1.7 - 3.5 GeV and for
CLAS experimental conditions(i)-(v). Experimental datafom Ref. [7]. In both cases, JO = 3/2-
and the ©+ signal is folded with a Gaussian resolution function with a width of 3 MeV.
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The difference of R(1680) yields from hydrogen and deutron targets

WEtaNeutron D | Estancuiero) | [TWEtaNeutron H-D | [FtiztaNCMLHD |
00 1801
?m:_ '|Eﬂ:
s 140t
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400 a0k
30{]:_ Eﬂ:
- anf
200 C
s 20k
100 C
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Really it is a cheking of reconstruction algorithm, we expect kinematics fitting
from Kulbardis
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