POLARIZATION OBSERVABLES
FROM THE PHOTOPRODUCTION OF
w MESONS USING LINEARLY
POLARIZED PHOTONS

Danny Martinez
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Figure 1: ® J. Barth ef al, o F.J. Klein e al, x ABBHHM, and
0 H.R. Crouch ef al., A J.J. Manak (not used in the fitting procedure).
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Yp -> wp Total Cross Section.

There are many baryon resonances
that decay through vector meson
channel.

They overlap because of their
broad widths (~150 MeV).
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All models agree that:

n’ exchange (unnatural parity) in the t-channel plays a significant role in
the cross section of the electro- and photoproduction of w mesons.

Baryon resonances contribute significantly to both the total and differential
Cross section in w electro- and photoproduction.

We urgently need polarized observables to disentangle which resonances
and by how much these resonances contribute to the cross section.
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CEBAF Large Acceptance Spectrometer

Torus magnet

6 superconducting coils .
Large angle calorimeters

Lead/scintillator, 512 PMTs
Liquid D, (H,)target +
y start counter; e minitorus
Gas Cherenkov counters

Drift chambers e/rt separation, 216 PMTs
argon/CO, gas, 35,000 cells

Electromagnetic calorimeters

Lead/scintillator, 1296 PMTs

Time-of-flight counters
plastic scintillators, 684 PMTs




G8b RUN

Target type: Liquid H2
Electron end-point energy: 4.544 GeV

Eyat the coherent peak (GeV)

Events (billion)
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SELECTION PROCESS

\We start by requiring three particles in the final
state: proton, 1", and TT.

The PID process encompasses cuts on the
values for mass, beta, time, momentum and
TOF time to best identify good events.

A track in the drift chambers and a coincidence
In the TOF detector are required flags to accept
a candidate event.



| EncrgySpect PARA I

Cuts to the photon energy
range are established for
each data set.

lil]l:l' 1500 2000 2500 3000 3500 I The Inltlal CUtS for the data
FPhoton energy (Melf) SetS are:

x1000 EXAMPLE

[_EnergySpect PERP | 1.3 GeV —>1.11t01.325 GeV
1.7 GeV —> 1.3 to 1.525 GeV
1.7 GeV —> 1.5t0 1.725 GeV
1.9 GeV —>1.7t0 1.925 GeV
2.1 GeV —>1.810 2.125 GeV

1500 2000 2500 3500 4000
Photon eneray (MeaV)




At vs momentum

Entries 1059615
Meanx 0.4823

Meany 0.03871
RMSx  0.2759

RMSy 6932

Ge¥)

A loose cut between -1.5 and
1.5 ns is performed. The plot
shows At vs momentum.



Entries 1059615
Mean x 0.483
Meany -0.0006398
RMS x 0.279
RMS y 0.0262

AB vs momentum %y mom!
04

A cut for AB (as given by EVNT
bank - calculated B) is performed
between -0.05 and 0.05.
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PP O] ATOF (P) vs ATOF (i)

Entries 1059615
Meanx  0.175
Meany -0.07472
RMSx  4.073

. |[RMSy 4,051

To distinguish positively charged
particles, i.e proton and 1" a cut
from -1 to 1 ns is performed. The
clusters of events around (+-2,+-
2), (+-4,+-4) are due to photons
associated with the wrong RF
bucket.



1° RECONSTRUCTION

mass piz 0
Entries 13223
Mean 01237

RMS 0.03357
¥2 | ndf 10.7 /13
Prob 0.6357
Constant 220.7 + 6.1
Mean 0.126 + 0.001
Sigma  0.02416 + 0.00078

DATA SAMPL

1 1 I 1 1
0.2

MM(T1°)(GeV)
A rough fit (Gaussian) to the nm° mass peak, found by

using missing mass technique, from which the 3 to 5
sigma cut is made.




w RECONSTRUCTION

mass_ome

Entries 129305
Mean 0.8714

RMS 0.1243

] ] | ]
1.4
M{w)(GeV)

o
1

of

MI_

The mass of the w meson is obtained by using the 4-
momentum of the detected m™ and 1, and also from the
reconstructed 1°.




w RECONSTRUCTION

1¢ APPROACH e Fitting function:

Entries 129305
Mean 0.7831

RS widl * Voigtian function for

1 ndf 38.81/18

Prob 0.001158 the W Signal-

0.01795 + 0.00050
0.7795 + 0.0001

;
N wll - 4" degree polynomial
< S for the background.
pb 8.195e+05 + 142

Aowsidl < No constraints to the
parameters.

i 0.84
M(0)(GeV)




MMETRY EXTRACTION

s checked for three Ey values, for
a obtained by P. Collins.

e 27 MeV wide Ey bins. The Ey bin cuts are:

1.861 < Ey < 1.888
1.834 < Ey < 1.861
1.807 < Ey < 1.834



BEAM ASYMMETRY EXTRACTION

The Beam Asymmetry Is determined by fitting the ratio
PERP-PARA/PERP+PARA for each Cos © and Ey bin, to a cosine

2¢ like function.

J{_'I{].—I—_F __,.[_':l..‘ _..;'.1‘}']
oo(l + P X cos 2¢ + )
oo(l — P35 cos 2¢)

{' ‘~.” Pl + P|| }_J C []H[_ J{”H
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W beam asymmetry
20 cut

L vs cos 8 E_y 1820.45 MeV _
: : ; 2 B Red Collins
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w beam asymmetry
20 cut

Y vs cos 6 E_y 1847.25 MeV B Blue 1SU
B Red Collins




w beam asymmetry
20 cut

Y vs cos 6 E_v 1874.05 MeV —
/ T B Red Collins




Y vs cos 0 for 1820.45, 1847.25, 1874.05 MeV B Blue 1820.45 MeV

.1 0.6 5 5 5 5 5 5 : B Red 1847.25 MeV

B Green 1874.05 MeV




w beam asymmetry
30 cut

1 0.6

L vs cos 0 E_v 1820.45 MeV B Bive ISU
E E E E E B Red Collins




w beam asymmetry
30 cut

1 0.6

Y vs cos 6 E_y 1847.25 MeV B Blue 1SU
E E E E E B Red Collins




w beam asymmetry
30 cut

1 0.6

Y vs cos 6 E_y 1874.05 MeV B Blue 1SU
E E E E B Red Collins




Y vs cos 6 for 1820.45, 1847.25, 1874.05 MeV B Blue 1820.45 MeV
B Red 1847.25 MeV

B Green 1874.05 MeV




FORWARD

2 through one technique.
@ binning method

(P. Collins).
ney agree — we have a good handle on our
systematics.

* Studies on the binning for both Cos © and ¢ are to be done.

* Further studies have to be performed to reduce the background of the w meson and
thus clean up the signal.

* 1.3, 1.5, and 1.7 data sets are yet to be studied.

* 2.1 data setis currently being analyzed.



PATH FORWARD

The first goal IS to compare 2 with more mature analysis (Patrick
Collins).

Extraction of Spin Density Matrix Elements p"‘ij (SDME).

Wh(cosO,¢,®) = W (cos ), ¢p) — P, cos2®@W ' (cos b, ) — P, cos 20W*(cos 0, ¢)

with
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2 Wil be used as a constraint for this SDMEs, since:

s p Apnteig)
1= 08 + 200,

If Helicity is conserved in the s-channel, then only two of the nine SDMEs
are nonzero: pi_, = 0.5 and I'mpi_; = 0.5, hence ¥ = 1 when P, =1 (with
. determined in the helicity frame). Any deviation from this value is an
indication that nondiffractive processes are present. If we assume natural
parity as the production mechanism, then

F]i—l = 0.9, ﬂ%m =0

If unnatural-parity exchange dominates, then

,{]%_1 = —0.9, ,ﬂéﬂ = 0
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