? M ) :-
"!'Eei'fatlngthehgtpeo!TJQtE OLD DOM'NION GLUE |

UNIVERSITY

K3 Photoproduction at Backward Angle at

GlueX Experiment

Nilanga Wickramaarachchi

Backward-Angle (u-channel) Physics Workshop 09/23/2020

1



Introduction

K™ — psuedoscalar meson with quark content u3s

>V — hyperon with quark content uds

vp— KTYY
« Mandelstam variables are defined as
s = (py + pp)2
t = (py — PK +)2
u=(pp —pr+)°
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Regge Model

4l K,'(2045)

K,"(1780)
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77 K,(2320)
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' : t) = ' (t — m?
K892 1 ax(t) =axo+ax(t—mx)

1r A wK,(1270) 5
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Phys. Rev. C 75, 045204 (2007)

t (GeV?)

« Scattering amplitude = exchange of Regge trajectories at high energies

e« Regge trajectory =» resonances with identical internal quantum numbers

but different total angular momenta J

» Have relation J; = a(m?) for different masses
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Physics Motivation

for vp - KXY

1
+ _ 4+
helicity amplitudes Ji = §(f 1% fa)
_ 1
fl—fl—l—,()—l— f2:|::§(f2 :fg)
Jo = fi+.0—
f3 = fi-0+ ¥, f,7 = natural parity
fa=J1—0- L
fi , fo = unnatural parity
Nucl. Phys. B53, 197 (1973)
do, doyy /rdo, | doj
beam asymmetry > = { /{ | }
y y a at )/ Uar T a
_ (A P = 1A P =11
(11 P+ PP

o difference between cross sections for photon polarized perpendicular and parallel

to reaction plane

e direct measure of type of parity exchange



Previous u-channel measurements
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Data Analysis

e Spring 2017 data set - 20% of GlueX phase 1 data
. Luminosity - 20.8 pb~ ' in 8.2 GeV < E., < 8.8 GeV

vp — KT%°(1193)
¥V — Ay

e Select combinations of particles matching the topology of
v — KTAy (A — 77 p)
e —0.08 GeV* < Missing mass squared of all particles < 0.08 GeV?

e Kinematic fit satisfying the conservation of energy and momentum
(confidence level > 107%)

e Kaon is constrained to be in the target region

e Shower quality > 0.5 to remove extra showers from hadronic split-offs in

forward calorimeter



Invariant masses
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Invariant mass of A~y

» Events within 1.107 GeV/c* < M-, < 1.125GeV /¢’
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-t distribution

o Events within 1.169 GeV/c* < My, < 1.217 GeV /¢’

5000

4000

3000

Counts / 0.2 (GeV/c)

2000

1000

e

8 4

>

*

I.

¢

t-channel
/

U-channel

o

t = (pbeam — pK+)2

e Observe both t- and u-channel contributions
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Counts / 0.05 GeV?/¢2

Counts / 0.05 GeV?/¢?
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p . (GeVlic)

(GeV/c)

pproton

Kinematics (p vs theta) : data
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Kinematics for u-channel

thrown K*
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reconstructed K*

35 p_vs_theta_KPlus_recon
- Entries 2207402
3 Mean x 98.18
— Meany 0.6266
25:_ Std Dev x 18.1
VE . StdDevy 0.2102
2
E reconstructed
1= !
0.5 e o
: =T,
— 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1
o20 40 60 80 100 120 140 160 180
6, (deg)

p vs. 0
K—I—

—u < 2.0 GeV?

10*

10

10

10

1



p . (GeV/c)

p,. (GeV/c)

thrown =

p_vs_theta_l5iMinus I

3
Entries 9995130
Mean x 5.033
o5 Mean y 1.252
Std Devx 2.467
Std Devy 0.4299
2
1.5
1
0.5
0 I 3 3 3 3 3 3 3 3
0 5 10 15 20 25
0, (deg)
data
3 _vs_theta_PiMinus L
= Entries 13163
~ Mean x 6.407
2.5 Meany 1.219
— Std Dev x 2.65
~ Std Devy 0.3976
'l I 'l 'l 'l 'l
20 25
en' (deg)

10*

10

10

10

10

10~

reconstructed v

_vs_theta_PiMinus_recon |

Entries 2221283
Mean x 5.646
Meany 1.241

Std Dev x 2.584
Std Devy 0.3993

1.5
1 T
0.5
0 N N N N N N ] N
0 5 10 15 20 25
0, (deg)

14

10



(GeVlc)

pproton

(GeV/ic)

I:)proton

thrown proton

p_vs_theta_Proton

Entries 9995130
9 Mean x 3.258
Mean y 6.849
Std Dev x 1.764
8 Std Devy  0.5404
7
6
5
4
3 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 2 4 6 8 10 12 14 16 18 20
eproton (deg)
data
10 p_vs_theta_Proton
— Entries 13092
— Mean x 4.708
9 :— Mean y 6.711
= Std Dev x 1.586
8 — ? Std Dev y 0.5116
- ——
7 - .
— — e
- =— ——
=== _—=—  Data
5 T
4
3 : I Il I Il I I Il I Il Il Il I Il Il Il I Il Il Il I Il Il Il I Il Il Il
0 2 4 6 8 10 12 14 16 18 20
proton (deg)

MC

&)
~
. >
10 )
S
5
<]
Q_Q.
10°
10
10
]
10
]
107

15

reconstructed proton
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M C reconstructed y

thrown vy
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Beam asymmetry method

Recoil
Baryon

Photon Opol — Uunpol[l _ Pfyz COS(Q(¢ o ¢lzn))]

Direction

¢lin

Photon l
Polarization ~ use 2 orientation sets 0/90 and -45/45

T

Meson
Direction

Opol — Cross section for a linearly polarized photon beam

Ounpol — unpolarized cross section

¢ — angle between plane parallel to the lab floor and K production plane

¢1in — angle between photon polarization plane and lab floor

P, — magnitude of photon beam polarization
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Beam asymmetry method

cross sections for two orthogonal polarization orientations

0| (®) = opol(P; Prin = 0) = Tunpor(1 — P2 cos 2¢)
01 (P) = 0pot (@, Prin. = 90) = Ounpot (1 + P13 cos 2¢)

event yields

Y]| (¢) ™~ N|| [O-unpolA(¢)(1 o P||Z COS 2¢)] A(gb) - adfgeegi(;:me
YJ-(¢) ~ NJ_ [O-unpolA(¢)(1 + PJ_Z COS 2¢)]

Yield Asymmetry

Y (o)L — FrY (9)) _ (P + Py)Xcos2(¢ — ¢o)
Y(¢)L + FrY(¢)) 2+ (PL— P))Scos2(¢ — ¢o)

>, = beam asymmetry
Fr = Ny m photon flux ratio

Nj ®o =» phase offset



Yield Asymmetry

Yield Asymmetry

Yield asymmetry for u-channel
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Systematics summary for u-channel

Study 0/90 Systematic Error | -45/45 Systematic Error
Event selection 0.050 0.040
Phase dependence 0.022 0.021
Flux normalization dependence 0.006 0.002
Background 0.004 0.004
Non-uniform acceptance 0.015 0.015
Total 0.057 0.048

e Main contribution is due to event selection
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Beam asymmetry for t-channel
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Phys. Rev. C 75, 045204 (2007)

N 10|

Guidal et al.
Nucl. Phys. A627, 645 (1997)
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« Average ¥ = 1.00 £0.05 in the —t = (0.1 — 1.4) (GeV/c)? range

e Y ~ 1 = mnatural parity exchange with K™ (892) Regge trajectory

e Results consistent with theoretical predictions

e First measurement of ¥ for vp — KXY beyond baryon resonance region
21



Beam asymmetry for u-channel

—u bin ((GeV/c)?) ) Stat. uncert. | Syst. uncert. | Total uncert.
—u < 2.0 0.410 0.070 0.057 0.090

 u-channel result suggests exchange of both Y (J =1/2) and Y*(J = 3/2)

trajectories contribute

e There is no prediction for beam asymmetry as a function of u
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Summary

First measurement of ¥ in the exclusive reaction yp — K3
beyond baryon resonance region

. as a function of ¢ is consistent with unity and model predictions

>: = 0.41 £ 0.09 extracted for the u-channel production

Results will provide important information on strangeness-exchange
in photoproduction
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Thank You !!
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