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Goal: Understanding the photoproduction of light hybrid meson

m1(1600) is a 57 resonance

(m1 — bim — (wm)7m — ((37)7)7)

m1(1600) production cross section is larger when produced
with A compared to proton [1].

Single m-photoproduction is well understood (Gloria’s talk,
Tue)
7A and b; A production
e 7 exchange process is to be understood (gauge invariance).
o What is the physics behind the photoproduction of 7(b;)A?
o Understand the lower vertex and absorption processes.
°

To what extent do the two vertices influence the SDMEs of the
resonances? (A-SDMEs from 7A vs by A) P

Available observables: ‘ZT‘:, >, po’lvz.
SDMEs can be used to model the production amplitude.
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The Yp — A — 7w(pm) amplitude is given by,
3/2%
Axs (@) =37 T, aaa (s DY (Q) (1)
A

The intensity is given by,
K ~ *
1(Q,¢,Py) = 5 Z AM,Al,Az(Q) Py AL A,\/W,,\lxz(Q) ()
A A
where k is the phase space factor. Q = (6, ¢) are the A-decay angles.
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where the SDMEs are defined as,
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Large-s scattering:

{04

o Large-s — exponential fall-off

o Residual (polynomial) behavior [2] % \ %W

do

= BR(r)steen=2 (6)
dt ¢
85 3 scev R
ool N < 8Gey
) ) ) é:i:vv \\\ Y
o Residual interaction can be modeled U I RN |
using Regge theory. — yp—wn Ty
. . . . _— 2t
@ Two distinct trajectories (small-t and 0.0001 : :
0O 02 04 06 08 10 12 14 16 18 20 22 24

large-t). “toev?
@ Similar cross-section as single pion Figure: wA photoproduction cross section as

photoproduction at large-t reported in Ref. [3].

GlueX operates at E, ~ 9 GeV
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Simple model; exchange of m, p, b1, a2

Upper and lower vertices factorize

The phases of the amplitudes are fixed
by the Regge theory.

@ Poor man’s absorption (PMA) model Figure: The t-channel photoproduction

for m-exchange [4]. process of 7A. U and L are the upper and
lower vertices.

General form of the helicity amplitude is [5]
TM,Al,AA(SJ):Z[ﬁxﬂ,xleT;ﬂ“,\l,xA(% t)] ; x € {m, p, b1, a2} (M)
X

TZ, g (5 8) = Vo PITE MRl 3 XL () PR (s, 1) Si(t)  (8)

o Like exchanges take the same form of the vertex (exchange degeneracy):

BAl (1) = ;711’)\A(t) '8)\1 )\A( )= B;f’)\A( )

o Overall (exponential + polynomial) suppression factors for each exchange (also
removes wrong signature poles)

@ Residues are polynomials in t, coupling constants fitted+fixed.

(Irving & Worden model [2] has constant residues, all fixed phenomenologically.)
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Figure: SDMEs in the helicity frame compared to the GlueX data [8].

Sign 1: Bfé‘ and BT’L as given in [5] Sign 2: Signs of Bfé‘ and BT’L flipped
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Reflectivity basis

o Reflectivity operation involves 180° rotation about the "“y-axis” + parity
inversion = inversion of the “y-axis" [6, 7].

@ The amplitude in the reflectivity basis can be defined as (valid for yp — wA):

e 1
T)(\l),)\A(S t) = > (T a2 (5 0) +eT_1 a0, (5, 1)) 9)

@ The SDMEs take the form,

0 _ )" 7 (=)
pAA/\/A - Z [ A1,AA /\1 )\’ +T A1, AA T)\l bV i| (10)
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1 * _
1 _ (+) (+) (=) (=)*
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1

@ The ¢ = (—)+ amplitudes are dominated by (un)natural parity meson exchange.
Natural and Unnatural amplitudes
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Figure: Natural and unnatural cominations of SDMEs in the helicity frame.
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The non-zero vaule of ;)3’.\’3 at small-t indicates the presence of absorption corrections.

Vanamali Shastry

SDMEs of resonances

QNP2024



RePAC

04

02|

Re.PAC
im_seac
—— e

Uy

04f

02|

04 06 08 10

Vanamali Shastry

02 04 06 08

SDMEs of resonances

Figure: Natural and Unnatural amplitudes from the JPAC model compared with IWM.

QNP2024



Ro.IPAC
- mpac
Ro.w

ny

Ro.IPAC
- mPAC

Ro.w

-

Re_IPAC
im_spAc
Re.tw

02 04 06 08 10 12

04f N

ReJPAC
- mpac
w

Ny

Re.PAC
im_spac
Fe

02 04 06 08 10

Figure: The natural exchange amplitudes and their p and a, components from

compared with IWM.

the JPAC model

QNP2024



| Conclusions

@ A simplistic model that assumes Regge exchange and factorization

o Explains the general features the SDMEs of mA photoproduction; needs fine
tuning to match the data.

o Diagonal elements of p®! can be interpreted as sum /difference of production
probabilities

o A is produced dominantly in the helicity +1/2 (+3/2) configuration at small-t
(large-t)
@ (Some of the) relative phases of helicity amplitudes can be fixed from SDMEs

o All amplitudes except the natural spin-nonflip amplitude experience absorption
corrections

@ Absorption is evident in the SDMEs and the BSA
o m-exchange dominates small-t region; ay exchange dominates the large-t region.

@ Work in progress!
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| Conclusions

@ A simplistic model that assumes Regge exchange and factorization

o Explains the general features the SDMEs of mA photoproduction; needs fine
tuning to match the data.

o Diagonal elements of p®! can be interpreted as sum /difference of production
probabilities

o A is produced dominantly in the helicity +1/2 (+3/2) configuration at small-t
(large-t)
@ (Some of the) relative phases of helicity amplitudes can be fixed from SDMEs

o All amplitudes except the natural spin-nonflip amplitude experience absorption
corrections

@ Absorption is evident in the SDMEs and the BSA
o m-exchange dominates small-t region; ay exchange dominates the large-t region.

@ Work in progress!

Thank you!
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Residues from the JPAC model.
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JPAC model

GlueX -
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BSA from the JPAC model compared to the GlueX data [8].
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Absorption

o Additional corrections to Regge exchange
@ Experimental evidences in the form of

o Non-zero polarization of #N — 7N scattering

o Forward scattering cross section of m-photoproduction (Gloria's talk on Tue)),
np — pn, etc

o Peripheriality of m-exchange reactions

o SDMEs and BSA of wA photoproduction (more later)

o “Effective” way of taking care of multiple exchanges (FSI, etc).

Try A an(s:t) = Z [E/\,Y,\l/\A T;,YAL)\A(S, t)] ; x € {m, p, b1, a2} (22)
X

TX g (5 8) = V£ I/Ze MmRal g0 B8 (8) PR (s, 6) Sx (1) (23)

o The y/—t factors arise from angular mometum and the model

o The model factors for unnatural exchange are evaluated at t = m2 — PMA.
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Natural and Unnatural amplitudes

N_{ = Tig) No = Tit) Ny = Tyr_)l N, = Tfr_)é (24)
22 22 2 2 2 2
U= T8 U =T{, U =T, Uy =T, (25)
22 22 272 272
A1 = f% amplitudes are related via parity.
Eg:
Ng = (,stppp - fz 5327)32)\/ *tﬂil (26)
22
Ny = (BYSpPp — B> Sa,Pay)(—1)BY 4
2 2
1 t
SIS P+ BV S Pa)md) (1= )87, (@)
Us = (=B SxPr + V= Sty Py )V =187, (28)
1 t
U = (BT Pr+ A V=ESa Po)-m2) (14 5 ) 5T, (29)

o Absorption correction to natural exchanges — No pole contributions

o Negative reflectivity amplitudes are purely 7 and b; exchanges
o Positive reflectivity amplitudes are p and a; exchanges, and get absorption corrections
from 7 and b; exchanges.
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The suppression factors are,
Sr = crel®9(ay(t) +2)/2
. = crel?9(ay(t) +1)
Sp = e (apn(t) +1)/2
Sz, = elPay(t)(an(t) +2)/3,

wn
T
|
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JPAC model [5]

Residues are polynomials in t

Residues constructed phenomenologically using covariant Lagrangians (possible
sign ambiguity)
Upper vertex coupling constants fixed using decay widths

Lower vertex is the same for all exchanges of a given naturality because of
exchange degeneracy

Lower vertex: wpA coupling constant is fixed from the A — pr decay width,
ppA coupling constants fitted to the scattering data

Irving & Worden Model (IWM) [2]

Residues are constants

All vertices fixed phenomenologically
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Cross sections for 7A photoproduction from JPAC model compared to data (from [5]).
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