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Introduction to Hadrons

Hadrons are composite particles made of quarks
that are held together by the strong nuclear force.

There are currently two ways quarks can combine
IN a bound state to make a hadron: mesons or
baryons.

A meson Is a bound state comprised of a quark-
antiquark pair, and a baryon is comprised of three
guarks or three antiguarks.

Hadrons are organized into groups of identical
JPC quantum states. These groups are referred to
as ‘multiplets’ due to the large amount of states
for a given J°.




Introduction to Hadrons

* (Given that quarks are spin half fermions, it is easy
to derive the allowed guantum numbers for mesons

* Constraints: H-sI < J < {+sl1, P=(-1)¢+1, C=(-1)+s

e Table of allowed J¢ meson states:
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Motivation

* The ultimate goal of the GlueX experiment is to unambiguously
map all light quark exotic meson states.

* There are only 7 probable sS resonances out of the 22 expected
to exist below 2.2 GeV. Furthermore, 3/7 resonances are

considered pure ss: @(1020), f2(1525), @3(1386) [1]

e |f we consider the quantum states of ¢(1-7) and n(0*), we can
derive the allowed parent JF° states:
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n2stlg,  JPC | =1 | = % | =0 | =0 Oquad Orin

ud, Td, ==(dd — uT) us, ds; ds, —us f! f [°] [°]
V2

118, 0 7 K 7 7' (958) —11.4 24.5

138 1 p(770) K~ (892) &(1020) w(782) 39.1 36.4

11p 11 b1(1235) Kip! h1(1380) h1(1170)

13P, 0t ao(1450) K;(1430) fo(1710) fo0(1370)

13pP, 11 a1(1260) K14 f1(1420) f1(1285)

13P, 2t a2(1320) K3(1430) f4(1525) f2(1270) 32.1 30.5

11D 2 72 (1670) K2(1770)° n2(1870) n2(1645)

13D, 1 p(1700) K*(1680) w(1650)

13D, K2(1820) ? ? ?

13D; 3 p3(1690) K3(1780) ¢3(1850) w3 (1670) 31.8 30.8

13F, 4+ a4(2040) K;(2045) £4(2050)

13Cs 5 ps(2350) K:(2380)

13Hyg 6t ag(2450) fe(2510)

218, 0 w(1300) K(1460) n(1475) n(1295)

238 1 p(1450) K*(1410) d(1680) w(1420)

I The 1** and 2% isospin ,— states mix. In particular, the K14 and Kip are nearly equal (45°) mixtures of the K1(1270) and K;(1400).
The physical vector mesons lxbted under 13Dy and 235; may be mixtures of 13Dy and 235;.




 J.J. Dudek et al. [Hadron Spectrum Collab.],
Phys. Rev. D88, 094505 (2013)[arXiv:1309.2608]
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Motivation

Other states of interest are the ¢(1680), X(1750), and Y(2175).

»(1680): 0

nserved in ete” =@ K'K cross section enhancement.

Interpretec
observed |

to be the radially excited version of ¢(1020). Not
n photoproduction[4].

X(1/750): observed in yp = pK™K™ invariant mass distribution. Not

clear if this

IS a unique state or simply a shifted peak due to a p tail.

Not observed in e"e” annihilation [5].

Y(21/5): observed in ete” = ¢f,(980) = K™K invariant mass
distribution [6]. It has been suggested that this is a four quark

hybrid stra

ngeonia state [7].

- It is unclear what the quark composition of these states are

since kaon production does not guarantee a parent ss state.



Proposed Analysis

e VYO—pP@N IS an important channel to study since it is
dominated by an ss parent state.

* This comes about because of OZ| suppression and
because of the fact that the @ meson is dominated by sS,

and that the n meson has some sS content.

(Parent Meson) S . (Parent Meson)
_ (& Mcson)

; (1 Mecson) g (1 Meson)

» A state that had a significant bracing fraction to ¢n will

unambiguously be sS. Conversely, any state that is
missing from @n will have little to no sS content.



Overview of the GlueX Experiment at Jlab

 The GlueX experiment
receives beam via the CEBAF
(Continuous Electron Beam add new hal )
Accelerator Facility) at JLab 8 naw \

yOomoGiuies

* [he electron beam comes In
bunches every four nano
seconds and can now reach
a maximum energy of 12 GeV

‘ v upgrade magnets

} , arg ‘l.'o\".‘f ﬁl.;.';:‘".‘\

 The beam will eventually
collide with a diamond
radiator which will produce
coherent Bremsstrahlung
radiation to be used In the
experiment.
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Overview of the GlueX Experiment at Jlab
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Generating Monte Carlo (MC)

« MC is divided into two sets: yp—=pen and yp—=[plen.

The purpose of this is to study how acceptance
changes as a function of proton detection inside GlueX.

e 100k yp—pepn MC events were generated with:

1. An incident photon beam of 9 GeV

2. A target proton at rest

3. A final state proton

4. X—=pn
5. p—=K'K

6. N2y
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Selecting ¢ and n Invariant Mass

* After generating 100k events, the events are then:
1. Converted into a data file which converts the 4 vectors into physical sub detector hits

2. That file is then ‘'smeared’ in order to represent the acceptance of each sub detector,
creating the final event file

3. This file is then passes into event reconstruction software which outputs several
measurements in order to perform a physics analysis

e The first step in analyzing the Monte Carlo data is to select the ¢ from K™ K and n from v;y.

Yp—[pl¢n YP—pin
; 22000 ' Entries 136652
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Missing Mass / Energy Cut

e For the missing proton analysis, a cut must be made
on the missing invariant mass. Whereas, for the
detected proton analysis a cut is made on the missing
energy.

e YP—pPen: Missing Energy (-1,1) GeV

¢ YP[p]en: Missing Invariant Mass (0.5-1.4) GeV

Yp—[pl¢n
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Low g+ Momenta Cut

* Since there are two positively charged particles in my final state,
it Is Imperative make PID cuts on charged tracks

 One cut that we use to differentiate between low momenta K*
and p is the amount of energy lost in the CDC per distance

» Since the proton is much heavier than the K*, it will lose more of
its energy in the CDC, resulting in the behavior depicted below

B v pfor yp—pd

Entries 15402 - ' Entries 12502
Mean x 2331 £ 0.007481 - Mean x 0.7345 £ 0.002756
Meany 1.067¢-06 + 8.638¢-09 8 Meany 4 466e-06 + 2.853¢-08
RMS x 0.9021 +£0.00529 - - RMS x 0.3066 + 0.001949
RMSy 1.042¢-06 +6,108e-09 - RMSy 3. 174¢-06 + 2.018¢-08
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High g+ Momenta Cut

* Another charged particle PID technique between K* and p is cutting on {3
vs. |P)|

* At high momenta, it is difficult to differentiate between protons and kaons

 Since K" and p have different masses, imposing a B vs. |P| cut allows
separation at higher momenta
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Acceptance Results

« After imposing all of the previous cuts, a study of X—=¢n invariant mass is done.

e | have found that a detected proton has an acceptance of ~4.3%, and a
missing proton has an acceptance of ~9.8%

e |tis Important to note that the missing proton acceptance is much more

promising In the invariant mass region where we expect to see new sS
resonances.
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Future Analysis

* [nvestigation of GlueX background (Monte Carlo
and Data)
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