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n p —»nn pat 18 GeV/c, n,(1400)
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Breit—Wigner Parameterization

Masz—dependent FWA with Breit—Wigner
parameterized production amplimides
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Ambiguous solutions

Three methods :
1. Average of eight solutions (E852)
2. Follow to BW of a, and a, famous resonances (E852 IU)

3. Selection of one solution according to Regge model
prediction of the ratio R=(D,+D )/D, (GAMS)
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For a,(1320)

D, ~p-1,
D09D—~p

-2

R=(Dy+D_)/D, , R(p) ~p ~!

D, Regge | GAMS | E852-1U
GeV/c | model n—> 2y n— 2y
38. 0.4 0.38
+0.015
18. 0.84 0.72
+0.12




GAMS ,

TP >N "Nat38 GeVic, GAMS

o
. Regge model
f extrapolation
; R~p -1
R=Dy*D YD, I At 38 GeV/c
"’ R~0.4
'":l'-'E IR N T T AU T I RN B MO AN 1

2
L T 1)
P de'u’ﬁ:

GAMS:
1.R=0.38 =+ 0.15 for one solution among eight
2. For this solution R is maximum !!! — Rule of selection



2,(1320) 2! After selection of the physical solution:
TP >N "Nat38 GeVic, GAMS
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If we see a3(980) , why we don’t see a, (1320) in E852 data?



GAMS,
©p—nn ’n
n,(1400), J¥¢=1-"
GAMS claims

M=1370 MeV (fixed from BNL data 7t;—>nn")

['=300x125 MeV
S.A.Sadovsky, Nucl. Phys. A655(1999) 131c¢



©p—nn papu 18 I'1B/c

Experimental data and analysis are published in

S.U. Chung et al (E852), Phys. Rev. D60(2001)092001

Lets calculate
R=(D,+D_)/D,
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R=(D,+D_)/D,

Large scale Small scale
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V.L. Korotkikh, BNL note , 1998 “t-dependence of a, production ...”

ga /dt, ub/(Gev/c) , EBS2 data of arbitrary units

10

Regge Model Predictions, 18 GeV dola 1994 of EBS2
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nn’,
n—> 2y
(39.4%

A.R.Dzierba et al. —p—>nn0n, n—2y, Phys. Rev. D67(2003))094015
45000 events
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Table of the P+ bump parameters
A.R.Dzierba et al. —p—>nn’n, n—2y, Phys.Rev. D67(2003))094015

all [t| low-|t| medium-|t| high-|t|
M., 1.326 1.316 1.329 1.326
+0.0023 +0.0049 +0.0029 +0.0036
a2 0.169 0.127 0.154 0.166
+0.0069 +0.014 +0.0082 +0.01
My 1.272 1.301 1.268 1.356
+0.017 +0.014 +0.023 +0.021
I' 0.66 0.19 0.67 0.629
+0.048 +0.032 +0.087 +0.064

Y2 3.23 2.13 1.51 1.60
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It is obvious that R=(D,+D_)/D, depends on t’ cuts by the acceptance



For a,(1320)

D, ~p-1,
D09D—~p

-2

R=(Dy+D_)/D, , R(p) ~p ~!

D, Regge | GAMS | E852-1U
GeV/c | model n—> 2y n— 2y
38. 0.4 0.38
+0.015
18. 0.84 0.72
+0.12




Leakage study

including acceptance
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Mine criticism on IU results of nr?

1. There 1s not the point of interaction in analysis
2. Selection of physical solution 1s not complete
3. Leakage study 1s made without the beam smearing



Comment on the nr’ Analysis

S. U. Chung
BNL

I want to comment on three aspects of the IU analysis.

First, a short comment on the production characteristics of exotic mesons seen in our
data. We have seen from our 777 7, p7~ and n/7~ analyses that an exotic meson can have
very different production properties depending on the naturality of the exchanged Reggeon.
Our 7 (1600) is produced entirely through natural parity exchange. (It may, of course, be
also produced by unnatural parity exchange but at a level too small to be detectable with
our statistics.) In any event there is one inescapable fact: the 1~ " waves are very different
in the two sectors.

O Comment One:

I assume that the mass-dependent fit to the observed moments in the n7® analysis resulted
from putting in a same resonance in the P-waves in both natural- and unnatural-parity
exchange. As we have seen in our previous analyses, this may not be the case at all for
exotic mesons.

Our npm~ analysis relied only on the exotic waves produced in the natural-parity sector.
If we assume that only S-, P- and D-waves are present below 1.6 GeV, then there are only
three quantities in the natural-parity sector, |D, |2, |P,|? and the phase difference. So our
mass-dependent fit to pm~ in this sector is complete—nothing left out.

Assume p exchange for the natural-parity sector in the n7® channel and b, (1235) exchange
for the unnatural-parity sector. We know that a5(1320) is produced in both sectors, but this
may not be so for 7(1400). It is possible, for instance, that m;(1400) does not couple to
b1 (1235)7 at all.

e We need to quote two sets of M and I', obtained from fits to the partial wave amplitudes
in each sector. Then the results from the natural-parity sector can be compared directly to
those of nm—.




+

O Comment Two:

e In order to understand the results of the fit to the moments, we also need to see the
plots of all the amplitudes (magnitudes and phase differences) as determined by the mass-
dependent fit to the moments. We can then compare directly with the amplitudes determined
from the PWA.

O Comment Three:

Since Pomeron exchange can be present in one production mode only, the production
characteristics could be quite different in the two channels n7° and n7~. Our mass-dependent
fit to nm~ may not directly apply to n7°. In particular, we may need a more elaborate mass-
dependence in the formula used. It is quite possible that the ‘Watson’s phase’ may no longer
be mass-independent.

e A fit to |D, %, |P,|? and the phase difference in the n7° channel should be performed

with the mass and the width fixed to those of the nm~ channel but incorporating a more

elaborate mass-dependence to the Watson’s phase and the backgrounds under P- and D-
waves.
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Onn-line selection

Trigger: 0-2-2-(4)

* Interaction beam Mo

* Two downstream tracks
* No recoil trac
* LGD trigger processor mass > m0 mass

Off-line selection

* Reconstructed beam

* No recoil

*CsI <160 MeV

* Two forward reconstructed tracks

* Vertex 1n target

* Exactly 4 photons

* Kinematical fit selecting events consistent with (n, n, 70)



Statistics. Data cuts.

Trigger: 0-2-2-(4)

Total 0-2-2-X triggers analyzed 108,000,000 nm 0

After skimming data 0-2-2-4Photons 6,000,000
LI Hypothesis EaPi0c>001) 41,108 (36.475)

1.1.1. Hypothesis EtaPi0,(ellips cut+cl>0.01) 26,871
12 Hypothesis EaPi0c1>0.10) 41,108 (20.674)

1.2.1. Hypothesis EtaPi0,(ellips cut, ¢1>0.10) 18,712 — PWA
| LIMC. Et@Pi0, Raw Monte Carlo Events 000424 >  PWA
*1LLMC. EtaPi0, Ace MC Events (after SQUAW) 265972

1.1.MC. EtaPi0, Acc MC Events,(ellips cut) 196,560

1.1.1.MC. EtaPi0, Acc MC Events,(ellips cut, c[>0.01) 192,302

1.2.1.MC. EtaPi0, Acc MC Events,(ellips cut, cI>0.10) 180,294 — PWA



Set waves

., Allowed waves:

Vo
Notation
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G, 4 + + 1 +
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Comparison of nr— and 70

nr— PWA 4+ MDF
Mass (a2) = (1317 £1 £2)
Width{ag) = (127 £2 £2)
Mass (m) = (1370 +£16 120)

Width(m) = (385 +40 12 105

m? PWA + MDF

M — (1326 L4 +19'+24
ass (az) = (1326 24 57 Zes V.L.Korotkikh et al.(E852)
Width(ap) = (119 £5 13,1149 HADRON 99,

Mass (m) = (1280 24 132 470 Nucl.Phys. A675(2000)413c¢

Width(m) = (526 +81 5 ., 33

min, max of amb solutions
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1. D.R. Thompson et al. 1 p—o>nn p, Phys. Rev. nn— 7-51(1400)
Lett. 79(1997)1630, S.U. Chung et al,n ' po>nn p, 47200
Phys. Rev. D60(1999)092001
2. G.S..Adams .et al. “Obser.vatiOP of a+N_evi' J C=1- TC+TC_TC_ 7'51(1600)
+ Exotic State in the Reaction n"p—o>n n n p at 18 9
GeV/c”, Phys. Rev. Lett. 81(1998)5760 50000
363.0{)‘12;;;"777“ al. 1 p—>nn'n p, Phys. Rev. Lett. n,TC— 7-51(1600)
6040
42106]3 Kuhn et al. npo>nn ' n n p Phys. Lett. B., f17’~'_ 7-51(1600)
68900 [7:(2000)
5. M. Lu et. al. n poon’'n p. Phys. Rev. Lett. 2004. b1717_ 7-51(1600)
To be published
145148 | m:(2000)
6. V.L.Korotkikh et al. x p—>na’n, n»> n'n =’ nn“ M=1280+ 24
T HADRON99, Nucl.Phys. A675(2000)413¢ =526+ 81
Y (2000) 18712
. - 0 _
]7).61'?(.;{(52));)1;({;)430?5211. n p—nn n, n—>2y, Phys.Rev. nno 1124_—61620735817
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Leakage study
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Mass dependent A) Leakage = 0 and fixed
PWA of nn0

D+ and P+ wave 8 solutions of qn” system

%DGD
1. Simultaneous 2
g nac
fit of angular
o
and mass
distributions o000 F
2. Free BW el
200
parameters and £ 500 |
leakage oo
"g 2 r Phaze(P+.0+)
red — BW of P+ wave 8 °F
v ~2 F
= R LY T P B
E 0.8 1 1.2 1.4 1.6
M:1250 i 7 mima’), Gev /ot

['=386 £ 10



Mass dependent B) Leakage is free 777!
PWA of nn0

D+ and P+ wave & solutions of an” system

1. Simultaneous
fit of angular
and mass

diStribU.tiOnS 000 F
2. Free BW 1500 1

Evignts /440, Mev
a
o o

ooo -

C

oo | M=1118 £ 21
parameters ani 4, ['=477 + 32

leakage o L
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red — BW contribution

Cl b T 1 1 1 1 1 I 1 1 1 T 1 1 " 1
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I

We can’t make the free leakage, but there is problem !!!



Lets calculate
R=(D%+D")/D+
for

mn?,
n— ntmn- 7’

The source of ambiguous solutions is UNP waves.

So we need to work with them 1n order to select the physical solution



For a,(1320)

D+~p—1,

Do,D_Np_Z

R=(Dy+D_)/D; , R(p) ~p -

p, Regge GAMS | ES52-IU | ER52
GeV/c model n— 2y n— 2y | n— ntnno
38. 0.4 0.38
+0.015
18. 0.84 0.72 ?
+0.12
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nn-, One solution




Aodel

nm© Ambiguous solution
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nn o, Ambiguous solution
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Why
1. R1s small ?

— It depends on t— acceptance cut
2. R jumps up and down ?
— Small statistic.



=

Why

1 (1400)—>nm and not > n'n

; (1600)—n"r and not > N



S.U. Chung, E.Klempt, J.G.Korner, Eur.Phys.J.A15(2002)539

In the limit of flavor SU(3) conservation and by the requirement
of Bose symmetrization

w, N = {Octet},

It {X}g—>{njs tin}s, then X =mm + nn
X=mn, (1400)>[n=r]_, L=1, X=nn - n
So 1; (1400) 1s not {Octet}g , not Hybnid !!

©(1600) may be {Octet}g , {X}3 —>{n’}; +H{n}g



Experimental results and interpretation

1 -+ X—->nm | X—>n =© | Interpretation
m, (1400) + — Decuplet {4q}
m, (1600) — + Hybrid




S.U. Chung, E.Klempt, J.G.Korner, Eur.Phys.J.A15(2002)539
S.U. Chung , E.Klempt, Phys.Lett. B563(2003)83

SU(3) Decomposition

§X8=27TRQ 10RX10¥08,®¥8,X¥1

Multiplet JPC Composition
Singlet (1) even ** (_1q , Hybrid, 4q
Symm.Octet(8,) even ** | qq, Hybrid, 4q
Antisym.QOctet(8,) even-- | qq, Hybrid, 4q
Multiplet 17(10+ 10) odd -+ |4q, X({=+1), X°(C=-1)
Multiplet 17(10-10) odd-- |4q.X({=*1), X’({=-1)
Multiplet 27 even *+ |4q




S.U. Chung , E.Klempt, Phys.Lett. B563(2003)83

Nonstrange decays of multiplets X and X’

Jrc

[1a},1b}]

Decays

—+

—+

X(C=+1) — [{a},{b}],
X°(G=-1) — [{a},{b}]-

[nlsm, plo] s
pm, by

m, (1400)
m,’(1400)




If 1-" bump (nm©0 ) is a true resonant state,
then how to understand the different resonant masses
in (nm— ) and (n©0 ) systems ?

JPC Production Exchange | Mass, Question
by MeV
1-+ Tp —> NP f, 1370 | Mass difference
- fXand X°?
1-+ n-p — N0 n p, by 1280 | ot Xan




N

0
My comments on s 0
N— Mtm- T

We have the good selection events

There 1s coincidence of IU and V.L. results for all t
There is the leakage problem

Selection of the physical solution

Watson phase for UNP wave and new PWA



Comments

Continuation of nm0 analysis

» Estimation of leakage with beam smearing
 Why don’t we see ay(1320) in E852 as in GAMS
» Selection of the physical solution

* Exotic JPC=1-+ in nno : ©;(1400) or w,’(1400)



Outside slides
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Goodness
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