A Spin-Parity Analysis of the wm® Enhancement Photoproduced at GlueX
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ABSTRACT

The wm? system is studied in the reaction yp —» wtm w7 . A preliminary
spin-parity analysis 1s able to qualitatively describe the uncorrected data, and
indicates that the main contribution to the enhancement is consistent with a
JP = 17" axial vector state, with J® = 1~ vector background. This analysis
provides an important stepping stone to analysis of the wm* 7~ system, which

1s implicated in exotic meson decay.

EXOTIC MESONS

A meson has been traditionally understood as a quark-antiquark pair. Such an
object has quantum numbers J¢ that must obey certain patterns. Lattice QCD
calculations (Ref. [2]) predict the existence of manifestly exotic meson states,
which have quantum numbers that do not follow this pattern. One of the main
goals of GlueX 1s to search for exotic meson signals.
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THE GLUEX EXPERIMENT

GlueX 1s a photoproduction experiment performed at Jefferson Lab’s newly
upgraded 12 GeV accelerator. A 12 GeV electron beam 1s incident on a
diamond wafer, which produces a linearly polarized photon beam through
coherent bremsstrahlung. The photon beam 1s incident on a liquid hydrogen
target, and the decay products are detected by the various detector
components. The detector has nearly 47 coverage, which gives a full
reconstruction of the final state.
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GlueX will allow for

mapping of the light meson
spectrum, and will play a key
role 1n the search for exotic
meson states. Current studies
include investigation of
polarization observables 1n
an effort to understand
meson photoproduction
mechanisms, which proceed
through t-channel quasi-
particle exchange as seen in
the figure at left.
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EVENT SELECTION AND WEIGHTING

00

combinations are considered. A kinematic fit 1s
performed, and cuts are made on the beam energy and 7° mass. The 37 events
are plotted 1n a histogram, and a sideband subtraction is performed around the w
) are shown on the right for comparison.

80000 TTTTTTTTT

2570000

o', IIIIIIIIII]III|IIII|IIII|II]I|IIII|IIII+

IIIIIII|IIII|IIIIIII
v (U
"
Nl

.-‘_IIIIIIIIIIIIIlIIIIIlIIlI|II]I|IlII|IIII+

065 07 075 08 085 09 095

M+ -0 (GeV)

Combinations/0 01 GeV

700
600
500
400
300

200

100

»

oy
L)
* .n 1 1 1 1 1 1 i 1

b M

0
06

075 09 105
Mpon-n0 GeV

ANGULAR DISTRIBUTION

In order to determine the quantum numbers of the wm" system, an analysis of its
decay angles 1s needed. A two-step decay process such as this one can be
described in terms of four angles, 0, ¢, 6y, and ¢.
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The events in the 4w mass plot are then weighted according to the 3 mass,

with the w mass range receiving a weight of +1 and the side-bands receiving a

The angles 0 and ¢ describe the direction of the w particle in the wm® rest frame,

weight of -1. while Oy and ¢y describe the direction of the normal vector to the w — 3w decay
— plane in the w rest frame.
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The 41 mass plot 1s then weighted with 25 moment functions of the angular I N i
variables, defined in terms of the Wigner D-functions: 1 Cui’
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In order to extract information about the contributions
to the wm® channel and compare to the results of Ref.
[1], we fit the data with a function involving a sum
over the Breit-Wigner amplitudes of the J¥ states 1*

and 17,

where i and j stand for the different J states. These
complex sums can be related to the production density

H*(ImLM) = ¥; RH; (ImLM)

{4 H*(0000)

. 1. 16 718 1.
Moment -umH|0000| a functio n of OmegaPi Mass

H*(2020)"

Omeg Pi Mass

15000~

* H*(0022)

M FETE PRI T
5 16 1.7 18 19

m AT TP YT
X T 1.1 1.2 1.3 1.4 1. .
Moment sum H"(0022) as a function of OmegaPi Mass

H=(ImLM) = 2 Y.,

08 1 |1|131A115|5| 1.8 1.
Moment sum H" {0020} as a function of Om gPMss

H*(2120)

1 slaig
8 l 11 | 13 1‘1 15 15 | 1.8 1.
MumﬂnsumH[1 | as a funy of Om gPMgs

T T T T T T T T T T T

H*(2022) ]

YUTY FTTTN ITE1 PRTTY FYEWE FRNTI FRTTE FATR FRTTI AT
08 T 11 12 13 14 15 16 1.7 18 1
Moment sum H" {2022} as a function of OmegaPi Mass

RH;;(ImLM )’

LN B L RN R N RN LR RN AR LR RRN RAR)

H*(2000)

1
09 1 1,1 1,2 1,3 1.4 I,Ev 1.5 1.7 I.

I.B

Moment sum H'(2000) as a function of OmegaPi Mass

. 1.1 12 1.3 1.4 1.
Moment sum H'{2220] as a function

H*(2220)

16 1.7 18 18
of OmegaPi Mass

,1(xm-_

AT I T T T T T T
T T T T T T T T T

sonof- H*(2222) -

m ....|.... ...|....
1 1 IEI E 17 IE
M ment 5 H|z222| 1 nction of OmegaPi Mass

“a

The function ti

matrix by

LM —

tij* _ (2]]+1
2];i+1

im = 2 FAF

S R LR MR AR RN ARRN AR R

H*(2122) 1

h T R A
w

f\; is related to the production density F,{ = D;(m)G; ),; (2]_+ ) (]JIIOl/l)C B , with
l
Breit-Wigner shapes parameterized as
e D (] N LM | ) dfY is D;(m) = il where
AN’ ’DAA’ j ]l an lem 1S L - (mz—miz)—imir‘i(m)’
related to the dec?ly amplitudes by Lm) =T, ( q ) [ B, (m) 12
7] Lm|J:A)(12 Im|12). ‘ “\ai/ 1By(m)
RESULTS OF FIT
: H+(0021)E m_ H™(2111) _ m_ H‘(2122)§
: s i é o ’z
I T T 2

H*(2221)

—6000 | -

FETINTETa N I slaseslss .."
09 1 1 |3 1'1 15 IS 17 1E 19
Moment 5 mH (Z&I] a function of OmegaPi Mass

T6 1.7 18 148
of OmegaPi Mass

08 1 1.1 12 13 1.4 1.
Moment sum H {0010} as a function

FIT EQUATION

matrix (pXA,) and the decay amplitudes (F,{ ) using

Hy;(ImLM) =t £") (1010]10).

The decay amplitudes can be expanded as functions
of mass using the partial wave amplitudes Cj:
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The extracted moments are not acceptance corrected and the results presented here are very preliminary.
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OUTLOOK

The GlueX data are described qualitatively by this model, which could be
improved by performing a full acceptance correction, including more /¥ states
and accounting for additional background contributions. Performing the fit in
separate bins of —t will also enhance the interpretation of the b; production
mechanism.

Currently transitioning to an analysis of wm ™. The E852 collaboration
reported an exotic signal in 2005 (Ref. [3]), in the reaction T~ p —

ntn %%, but a similar channel has not been analyzed in
photoproduction. Below are shown some very preliminary plots of the 37
mass and the “bachelor” 2m mass, along with the corresponding E852 plots.

The w and 7 enhancements can both be seen in the 3 mass distribution.
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The 37 mass 1s plotted versus the 2 mass below.
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Below are the results from a partial wave analysis done by E852 (Ref. [3]),
where a pair of
were reported.

JP¢ = 1= by enhancements and a pair of wp enhancements

E852 PWA Results
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