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Motivation

* main objective for GlueX:
Search and study of hybrid mesons

* need to measure a variety of charged and
neutral final states

* requires very good understanding of all
involved physics processes

* first step: understand production
mechanism




* CLAS12 in Hall B
* GlueX in Hall D

CEBAF at Jetterson Lab

* up to 12 GeV electron beam

“ high luminosities for Hall A/C
(high resolution spectrometer)

* Focus on exotic hybrid
mesons
BUT:
Large data set available to
study wide range of
reactions
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tag electrons to
determine photon
energy

« produce photon beam via
coherent bremsstrahlung
on thin diamond

Forward Calorimeter
Time of Flight
Barrel Calorimeter

Start Counter

Target

Photon Beam

Tagging

Magnet Forward Drift

Chamber
Electron

Chamber

Radiator Solenoid



GlueX experiment

Forward Calorimeter
Time of Flight

Barrel Calorimeter

Start Counter

Target
Photon Beam
Tagging x _
Magnet =N El?lrwall;d Drift
v 2 amber

Electron .
Beam Central Drlﬁ:
Chamber
Solenoid

Radiator

Acceptance: |- — 1207 = & "Chaveed particless o /p = 1% = 37
Photons: ol E=6% /\/l_f D2 %

2



GlueX experiment
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Detection of internally reflected Cherenkov light

Improved z/K separation up to 3-4 GeV — important for strangeness physics
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A(1520)
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+ Discovered in 1962 (K~ beam)
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A(1520)

* One of many initial !

K+
analyses to understand > N <

detector and important

P A(1520)
thSlCS processes, v K™ (a) s-channel production
especially production
processes Y

* Spin-density matrix , ACI520)
elements parameterise  ° A(1520
the angular distribution () t-channel production
B
of the decay and are
directly related to the
P K+

production process

3 (¢) u-channel production



A(1520)

Study yp —» K"A(1520) > K"K p




yp — KTA(1520) - KK p selection

“ detector timing and

dE/dx for PID

“ use kinematic fitting to
ensure four-momentum
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A(1520) with sideband ™

subtraction (sPlot)
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Spin-Density Matrix Elements

* parameterise angular distribution

of A(1520) decay

« 3 variables: two angles of K~ and
photon polarisation

« 9 fit parameters: three unpolarised,
six polarised p‘

« gives access to production mechanism
For3/2= - 1/27 + 07 :

1 T 1

Wo = |3 (5 _ p(1)1> sin2(8) + p’; (1 n 3cos2(9)) —2V3 (Re(pgl)cos(go) sin(20) + Re(pJ_,) cos(2c,o)sin2(0))]
1 _

W= — 3033 5in%(60) + p11 (1 + 3cos(9)) — 2V/3 (Re(p§1)cos(go) sin(20) + Re(ps_ ;) cos(2¢) sin2(9))]
1 _

Wy = — 2v3 (Im(pgl)sin(cp) sin(26) + |m(p§_1)sin(2¢)sin2(9))]

W = Wy — P~ cos(2®)W; — P, sin(29)W,
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+ use Markov Chain Monte Carlo for parameter

Spin-Density Matrix Elements

Y K+
estimation to extract SDMEs
+ sample likelihood distribution, excellent for N
multidimensional problems
- : , P A(1520)
= do this in 8 bins of 4-momentum transfer ¢t = ( D=0
—t=0.3-0.5 GeV?/c?
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Spin-Density Matrix Elements

GL% .0

Preliminary 2
e
-(t-t ) (GeV?/c?)
+ red and blue show

model predictions in

Reggeized framework
(priv. comm. based on

[1])

+ these measurements
constrain models in the
future

[1] Byung-Geel Yu and Kook-Jin Kong, Phys. Rev. C 96, 025208 (2017)
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SDME Interpretation

X is exchange particle with

! © spin-parity quantum number J*
. and naturality n = P(—1)’
* 10 help Wlth Natural: e.g. K*(892), K§(1430)

g : p A(1520) Unnatural: e.g. K(492), K,(1270)
interpretation form
combinations of Pl +pi1 = ]%, (INo|* + |N1[?) Re (p3; +p31) = I%Re (N_1N§ — NaN7)
SDMEs which ph—phi = (TP +UIP)  Re(phi—ph) = yRe(U-1U5 ~U:7)
correspond to purely fh+ei= Z(NAP+NP)  Re(pdy+pir) = wRe(N N} +NoNg)
natural (N) and purely P — P33 = 1%, ( U_1]°+ |U2|2) Re (Pg—l —Pg—l) = I%RG(U—lUT +U,Uj)

unnatural (U)

2
' Imp?, = —Im (MU} +N_Ug — UoN} —U_1Ng)
exchange amphtUdeS =y LUp 1Uy — UV 1Ny

2 k % % %
Imp3 | = M (UaNG +N_1Ug = NoUg —U-1NY)

N =2(IN_1* + [No|* + |N1|* + [N2|* + [U_1)* + |Uo|* + U1 |* + |U2|?)
14 work by V. Mathieu (JPAC)



SDME Interpretation

* red and blue show combinations previous model [1

* natural amplitudes dominate G LUEX
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More strangeness related physics in GlueX

Hao Li and Reinhard Schumacher [GlueX Collaboration],

ZO b D — AIP Conference Proceedings 2249, 030037 (2020).
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+ Expect more strangeness related
physics from GlueX over the e
coming months and years
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