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Introduction

Introduction

@ QCD demands that the physically observable states must be color
singlets.

e Mesons (gq), and baryons (gqq) are the most common combinations.
@ Are other combinations allowed? Yes!
o Hybrids (gqg), tetra/pentaquarks, glueballs, molecular states, etc.
@ Quark models, effective QFT models, sum rules, BSE/DSE, etc.
@ Quark model says one hybrid nonet (m < 2 GeV), Lattice shows one
hybrid isovector.
@ Experimental evidence?

e Two known states: m1(1600) (known since ~ 30 years) and the
recently observed 7:(1855) (BESIII).
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Introduction

Where are the hybrids?

@ The 71(1600):

First discovered light hybrid state.

Originally, two light resonances: 71(1600) and the lighter 71 (1400)
Same quantum numbers: J7¢ =177,

Complimentary decay channels.

JPAC analysis of COMPASS data shows only one pole [1].

Lattice simulations by HadSpec shows various decay channels [2].
Possible final state interactions

@ The 11(1855):

Recently seen by BESIII in the i’ channel; JP€ =177,

Mass (1855 4+ 97% MeV) and total width (188 4+ 1873) known; partial
width unknown [3].

Nature of the state is up for interpretation — various models (for
example, [4] and refs within).

@ Where are the remaining hybrids and other exotics?
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Introduction

GlueX Experiment

Photoproduction of mesons up to ~ 3 GeV.

Linearly polarised photon beam:
E,~82-8.8 GeV, P, ~ 0.35.
@ Probe the production mechanisms of the mesons via spin density
matrix elements (SDMEs).
o Photoproduction of 7A, biA, mA, a2/, etc
o Complexities: b1 A — (wm) + (p7), mA — (wnm) + (p7), etc.
o Complexities: Line shapes, decays, spin, etc.

Why use m A7
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Introduction

Why b A?
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Plot taken from [5].
e We start with 7A (simplest process involving A).

@ b A is the next level of complexity + important background for 7 p.
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Details

The biA photoproduction

o Intensity, beam spin asymmetry (BSA), SDMEs.
@ The process: vp — biA — (wr)(mp) — ((37)7)(7p).
o Decays at each stage model using line shapes and Wigner-D's.

3
1 2 1

2 ~ 3,
A= 30 D Viaa(s ) S ADIQ) QN GALDL L, (2)

A=—1xp=—3 A=—1
(1)

A's are the helicities of the various states, Q's are the decay angles,
F, G are the line shapes.
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Details

Some properties and relations: cross section

The intensity is proportional to

(o Qo ®) =K D Axannadagn (VAL s,
A0 Ap,
= 12(Qu, Qo) + (R, Q) - P(P) (2)
giving us the intensity for yp — b1 A as
8n3

"=k (3> Z Z Vi, Adaaa (S, f)Ui,A; Vf;,A';,\I,AA(S, t)

Ay A, An A AL
(3)
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Details

Some properties: SDMEs

The A-SDMEs are defined as,

0 1 *

Pxaxy = N § VM,/\;/\l,AA VAW,/\;AI,X’A (4)
Ay A AL

! =L > Vv Vs 5

Pxaay = oN = Ay AALAA VA A A, ( )
Ay A AL

3 — ! Y vy 6

Pxpxy = N Y V=2 AALAA VA AL AL (6)
AN AL

Shifting to the reflectivity basis, we get,

0 _ _
pAA7A£ N /g [ VAaLAa )VX?ALA/A + ( )VA»‘l’)‘A( )VIT:M,)\/A] (7)
1
1 A — -
'DAA)\,A = N XA: -1 [ V_n, )‘17>\A( )V/T;Al,)\’A - )V—/\;/\hAA( A% /\)\1 2\, ] (8)
A — —
piA,/\i\ = Z -1) [ v_ /\)‘11>‘A( )V/T;Al,/\/A - )V—/\:/\l,/\A My, /\>\ A’] 9
A AL
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Model

Theoretical model for photoproduction of b; A

Only t-channel process involved.
Upper and lower vertices factorize.

Number of interaction terms in a
vertex dependent on the number of
L values involved.

Simplified (preliminary) model

involves only two exchanges: m and _.
y & Figure: The t-channel

P photoproduction process of
Model can be expanded to include p;A. U and L are the upper
any or every JP state. and lower vertices.
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Model

Vertex factors

Lorentz, parity, and charge conjugation invariance.

@ Minimal number of terms.

@ The JP exchanges must couple to these L-channels:
L=|J-2|, J, J+2unnatural JP, and L= |J—1|, J+1 for
natural J”.

@ Same L-values are valid for the p — A vertex.

The general form of the upper vertex is,
(IP(M) 7 (M) by (N) = a3 adi n, - (w)-
@ The general form of the lower vertex is,
(JP(M)[p(A)A(Aa)) = b3 adix,—as (@)
@ The full amplitude is given by,
J
Viw),/\;,\l,,\A = 3f\7,/\bxj\m,\1 dir/\,xlf,\A(et)PJ(t)
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Vertex factors
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Figure: Vertex factors: Unnatural (left) and natural (right) exchanges
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| Some fun with bases

Reflectivity basis:

1
© V/E;JA)I,,\A = 2 [(ail,/\dlj—/\,)\l—AA(Gf) + 6(_1)A3J—1,—Adi1+/\,>\1—xA(et)> bil,xAPJ(t)] .
(13)

For (un)natural exchange,

J 1 JoogJ
© V/&;)L,AA =3 [dﬂ/\,xrh(et) F 6(—1)Ad11+/\,A17xA(9t)] aiy aba 2, Pu(t).

(14)
Further, making use of the s — oo property d”,,  ~ (=1)"di ,  we
get,
_ J S—00 1
( )V,S;)?W\A = 5 [dljf/\,Ar)\A(et)ail,/\bi,AAfPJ(t)]; J € Unnatural
(15)
J oS) 1
OV = 5 [ x—aa (02)atiabX, 2, Pu(t)]: J € Natural.
(16)
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Results

JP.AC
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@ Simple model: only 7 and p ‘i
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Results: Amplitudes
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Figure: Amplitudes: real (upper row) and imaginary parts (lower row).
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Results: Amplitudes
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Figure: Amplitudes: real (upper row) and imaginary parts (lower row).
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Figure: Amplitudes: real (upper row) and imaginary parts (lower row).
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Summing up. ..

@ Preliminary model has pion dominance
@ More sophistication is needed.

@ Experimental inputs.

Work in progress...
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Some properties: cross section

2
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_ EoR— ) A
+1-P)| Y FDE, ) ([, U - 0710, 04)
A AA
2
+a+ Py | 3 FDi L 0) (0715, 04+ 7)), UR)
A AA
2
_— " p )
+(1+Fy) Z FD3, 1. () ([JPL:AA Ui - [‘]Ph,xa UJJ\)
A AA
UL=GY_ F{ReZxx U4 =i@Y F{TnZy P = OV
A X

Vanamali Shastry Photoproduction of by A



Introduction
Details

Model

Preliminary results
Desserts!

Ambiguities in the cross section

The full intensity is,

_ o1
I= 2/{\F|ZZ(5 + 3c0s(26,))

{ >,

Aa=+3

}((1 P + (1+ P)[T3?)

Aa=+3

{ v ‘ 115, }(1+PN)|UIL|2+(1Pq,)IUfz)}

for a restricted case of e = &, A=1, A\ = j:%.
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Desserts!

Reflectivity basis - any J”

@ Reflectivity operation involves 180° rotation about the "y-axis" +
parity inversion = inversion of the “y-axis”.

@ The amplitude in the reflectivity basis is defined as:

€ 1
T>(\1?A7>\A(S, t) = 5 (7—15)\1’/\7)%(57 f) + 6P(—1)J+A T,L)\ly/\w\A(S, t))

(17)
@ The SDMEs take the form,
1 * _ _
0 _ (+) (+) (-) (—)*
Pxaxy, = W > [TMMA Taan, T A T,\l,/\,,\'J (18)
A1

1 * _ _

1 _ Al (+) (=) (=)=

Prxady = N Z(_l) [TAL/\,/\A Txl,/\,xA = T\ Aa TAl,A,,\'J (19)
A1

@ The € = (—)+ amplitudes are dominated by (un)natural parity
meson exchange.
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Vertex factors: Upper vertex

The general form of the vertex is,
(JP(M)[y(A)) by (N) = a3, adign,—a(w) (20)

The bnyP vertex with natural JP is,

IPI95) = iy 80P (7P in — P, ) + Pl el
—|—g3p‘jp§‘eff*er*] e ipl o p) (21)

We then move to the t-channel rest frame where p; = (V/t, 6) to get,
P + A Egl
(S k) = g [ M (D) W[
Mmp,
_(_F‘)Jil\ﬁ/\‘-‘J—2 CffX;]fm C1J/\113120}

\/f o0 IAy—A
_— ijlc v

Mb 1Ay —AJ—10

o0 Ay —A
J-1 5=
) (=p) i ClA,Y—/\;J—IO

+e () (-
RV P e e S S 2
+&3(—p) tAves2 G T A GoA S 0 | dina, (W) (22)
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Vertex factors: Upper vertex

The same for unnatural JF is,

(Phbt) = i (g1l — prel Ve Pl + g2{plen” — plex bpres] e pl, ..

+ilgs(pl el — Pl Ven i), + &alp el — plel et ply oyl
+ gs5(pp, €0 — el )er Pl palelt L, . Py, (23)

which gives us,

2 C Ay Cj—1 J
= (- P)J ¢y 2)\2 &ip #CJ—IO;IA 2J_15
+g2< = >6A’OE O mn, Szt dirx, -n(@)- (24)
V2ms, Y& I—1(=A)1A, SI—20i1(—N) -
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| Vertex factors: Lower vertex

For the unnatural J?,

(JPlpA) = b/\A,ANd/{J,AAfo(UJ) (25)

Sxn A~
J(A >\ En AN
— (=p)'56s ( Aot a2 ()

2
+& CJﬂp\/;é,\Z 1 (a+sgn(Aa)sgn(Ag)aa)dng ag

JOa—Ag)
+83 cJ— 17\[(;% 1(sgn()\A)aAa—sgn(/\N))C1)\ A(Aa—Ag ))CJ—lﬁ;l(AAA—/\,\-,)

2: JAa—Ag J—1X; ER 1(ha—X2)
CJ Zf |: J— 1/\21>\A Ag—A2)) CJ 201/\2C (Aa _’\2)1’\2C%’\/\7;1(>‘A_)‘2_’\I\7)

(sen(An) — acasgn(ha — A2) (fﬁA)]) dhngra(®).  (26)
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Vertex factors: Lower vertex

For natural JP,

(a—Ax)
(JPlpA) = (-p)’BBa (;q 1(sgn(/\N)+sgn(>\N)aaA)CJ IAOWNA )
EDWN Ea 6>‘A=>‘l\7 my 2
2 —_ — — -
C5 (a2 )(mA) +g2CJmAP 35)\2A7%(Sgn()‘N)+Sgn()‘A)O‘O¢A)5>\A,/\N

1
my N 32 JAa—2Ag)
+g3 CJ_17\/§§>\2A,%(Sgn(>\A)OtASgn(>\N) a)C%)‘N?l(/\A—/\N)) J-10:1(Aa—Ag)

3 1 _
7CJ 2\/’2[ JAa—2g) cl-1xe C]Q)‘A CZ(/\A A2)

=Xl (Aa—Ag—22)) TI=200A2 TL(AA = X2)ilhe  FAgI(Aa—A2—AR)

8x,,0
(san(rp)assen(a — 2a) o) (22 ) ]) iy 32 () (27)

ma
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