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Meson Spectroscopy
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The objective is to understand the properties of the mesons which
includes mass, width, quantum numbers and decay mechanisms.
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Channel

The channel of interest is ep—epX—e’pK*K and is shown below.

Resonances |Mass (MeV) Width (MeV) Spin
$(1020) 1019.5 4.3 1
a,(1320) 1318.2 107.8 2
f,(1500) 1522 108 0
f',(1525) 1517.3 84.4 2
a,(1700) 1706 380 2




Channel
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Formalism
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Moments:

Explains the production of resonance

P
D

Partial waves:
S = spin 0 resonance

spin 1 resonance
spin 2 resonance

\

Spherical Harmonics:
Explains the decay of resonance
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Formalism
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Jefferson Lab
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Events/40 MeV

Events/40 MeV
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CLAS12

e 10.2 GeV electron beam
e Liquid hydrogen target

e Electron detected in FT (low Q?)

e Hadrons detected in range 5°-125°

e NMeasures energy, momentum
and time-of-flight of particles
for identification

NIM A Volume 959, 11 April 2020, 163419

FTOF: 85-125 ps
DC Ap/p: 0.003-0.011
EC 6/E: 0.04-0.1/E



Event Selection

To select epK” K, the following criteria

is chosen: =
e Time-of-flight difference < 0.3 ns

e Deletected electron energy <5 GeV

e Missing mass of the event near zero

T
Mass K*K™ (GeV)

® Remove baryon resonances via LPS *

® CLAS12 fiducial cuts | eresrort e |

3 35
Mass pK* (GeV)
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Extracting Moments

7000~

Simulations: il oreliminary

e MC event generator
e tdistribution: e

4000; J
b t sooo;
2000;

® |nvariant mass KK, Kp

2 ‘ l245I - 3 l
Mass K*K™ (GeV)

Fitting—brufit:

e EMLL fitting

e MCMC procedure
e Error control
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Cross-section
do Nz
de+K— FezAmZ TBRZ
Nl. Yield
I Photon flux
Aml. Mass bin 0.0375 GeV
€,  Acceptance & efficiency
T  Target density
B Branching ratio
Rl. Radiative correction

Nl SOOOE

5000

3000
2000

1000

o) UNIVERSITY

@

e

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\




Results
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Only spin 2
resonance
contributions

Spin 1 and spin

2 resonance
interference
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Outlook &Y o Yok

Next steps:

® convert moments to partial waves
e Successful input/output tests
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The channel of interest is ep—e’nX—e’nKK™ and is shown below.

KK Channel and Formalism
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KK Event Selection

To select semi-inclusive e(n) K"K,

e |dentify particles using time of
flight

® (Constrain missing mass to
obtain neutron

® Limittto ensure meson
production
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Summary

Large CLAS12 K+K- dataset

Reliable extraction of moments
Calculation of differential cross-section
Preliminary analysis of KK* channel

Next, partial waves will be obtained from moments
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Thank you for listening
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Formalism

Z(Q, ®) = I°(Q) — PLT(Q) cos(2d)

¢ — P T%(Q) sin(2®) — PoZ3(Q)
re) =3 <2L4;: 1) (M)H(LM)d%,, (6) cos M L=2I1
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* ForL=0,1and 2 T "
I° = ﬁHO(OO) - %HO(IO) cos(6)

HADRON PRODUCTION PLANE

_ %HO(H) sin(0) cos(¢) + 83}[0(20)(3 COS2(9) _ ) |
5\/7(T6) ;ﬂ(ﬁ) s ll @A) 0]
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Polarization vector: P and «
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0 _ WLINE om  am a.el , ) )
HADM,) = %: <2£+ 1) CroroCemrn Pmms [ and I for calculating interference

s of partial waves
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Cross-section
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What we want/measure Flux factor

Model-informed acceptance
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What happens

1.2 Application to RG-A
an be applied to the RG-A target by us

sing the following inputs:

3): 0.0708 g.cm™* (Density of liquid di-}

ts): 2, the number of "target” proto
number (6.02 x 10%mol 1)

o Ny [in mol~']: the Avogadro
n factor from cm—2 to ph=1 (10-36)
(1.602 x 10°1°C)

o M, [in g.mol="]: 2.016 g.mol=* Molar

Replacing the mumerical values in the g

LT = 1316.875 x Q[in mC] pb~" (3)
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L. Van Hove, 1969
E; = (m?+7r2+q¢)'? Tp = prta

Longitudinal Phase-Space Plots

Centre-of-mass frame
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Each collision has

\ 7 point with coordinates: | A ?

L Geve:

11 ngitudinal phase-space plot for 7*70p at lab momentum
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Partial Wave Amplitudes
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Moments of angular distribution can be inverted to obtain partial
wave amplitudes.

Test case

S =0.75
P 1 =0.382
Py = 0.382
P, =0.382

Choose partial
waves

2.00000000

0.821757 £ 0.0270511
0.630915 £ 0.0086324
0.621838 4 0.0124991

Of
0f

e : —0.636404 £ 0.0094553
(a) CosTh (b) Phi

0.222228 + 0.00860747
0.00361232 4 0.00399061
0.00711858 4 0.00561573
—0.204686 + 0.00646113
—0.137779 £ 0.00443019
0.13809 £ 0.00726249
0.00640009 =+ 0.00739138

(c) Pol (d) PolPhi

Generate angular
distributions
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1
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1
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2
2
2
2
2
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2
2

(¢) Pol Fit  (d) PolPhi Fit

Fit angular distributions
and extract moments

—0.00208425 =+ 0.00670298
—0.000998724 + 0.00892955

0) =
0) =
0) =
0) =
1)=
1)=
1)=
0) = —0.000261266 + 0.00612211 —>
0) =
1=
1) =
1=
2) =
2) =
2) =

S = 0.751258
P_; =0.382561
Py =0.37632
P; =0.384241

Invert moments
to obtain partial
waves
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Moments Equations &y o York
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