=)

e N ,
K au =3I
e 4% ¢ a
4 Ll !
) * )
\ - ‘, \ ) r "
| = A
)

\amboFgod { v
q R 4

Backward angle meson
photoproduction at GLue)’-

WILLIAM & MARY

CHARTERED 1693

Justin Stevens




Photon Beam and Tagger

North LINAC

Photon Tagger

Pair Spectrometer

Triplet Polarimeter | ---------------- ,

East ARC

Diamond Radiator Electron

Measured Flux

7000

6000

5000

4000

3000

Photon Flux (Arb. Units)

2000

1000

L L L I
— Diamond: PARA
— Diamond: PERP
— Aluminum

Tl b b B b e |
POttt

75 8

u-channel workshop

957005 AT '1'1’.23
Photon Beam Energy (GeV)

Beam Dump

Polarization

-E_I_ | Photon
R | Beam Dump

Collimator GlueX

select @ <25 ur  Spectrometer

polarized photons

0.5

0.4

0.3

0.2

0.1

Measured Polarization

|—|L|=b'|_|'||||||ll|llll|llll|ll
——
—-—
—l—
L ._.ﬂ—c
._ |—.'—_|._.
(8 | e _
L | e
-
-
Sy
-
Cem
—l—
e
I_IIIFIH‘-I'I|I||||||||||||||||II|III

ET T - T 1.5
Photon Beam Energy (GeV)

Filter on production mechanism

Justin Stevens, WILLIAM & MARY 2

N[ T
o
(o)
_CI)_
(¢
©
©
(63



GLue(w in Hall D

% Large acceptance detector for charged and neutral
particles (many final states)

% Orders of magnitude higher statistics than previous
photoproduction experiments

Forward Calorimeter
Time of Flight

Barrel Calorimeter

Start Counter
Target DIRC
Photon Beam
1I-Vlagg|i1ne?c X, Forward Drift

Chamber

Electron
Beam

\

Central Drift
Chamber

Radiator Solenoid
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Exotic JPC: t-channel photoproduction

. Meson X with
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Production through t-channel
meson exchange
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Conventional.
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t-channel photoproduction

Exchange JPC
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% Begin by understanding non-exotic

production mechanism

% Linear photon beam polarization
critical to filter out “naturality” of the

exchange particle

u-channel workshop
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Yp— 1% beam asymmetry 2

Y 0
* Beam asymmetry 2 provides -
oealtl asy Yy =P ol Exchange JPC
insight into dominant o
production mechanism L wp
17~ :b. h
¢ Y
E W+ p 2 h e b 2 p t P
w +pl|2 4 |h D2 S
> |
* From experimental
standpoint it’s easily ;
tended t R °-6_ Theory and SLAC :
extended 10 ¥p—np 04l data beam energies -
| — ¢ 4GeV ]
% No previous Ty
measurementS! 0'0:010' —02 04 06 08 10 12 1a £

JEXE Mathieu et al. PRD 92, 074013
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Y and n beam asymmetries
VP — PYY
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Plane Parallel to Lab Floor

(same as PARA polarization plane)
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o = 0y (1 P 72 COS 2(¢p ¢’y )) Phys. Rev. G 95, 042201 (R)
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0 and n beam asymmetries

% Dip in multiple theory
predictions not observed

%* Vector exchange (2=1)
dominance at this energy

% Additional asymmetry
measurements for eta,
eta’

* What about backward
angles (u-channel)?

Phys. Rev. G 95, 042201 (R)
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Previous backward 1% measurements
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t and u dependence of exclusive m°
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t-channel kinematics of exclusive 11°

Detected protons
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* For high energies Ey > 8 GeV

with -t < 2 GeV?

* GlueX well suited for slow recoil
protons and forward photons
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u-channel kinematics of exclusive 11°

Detected protons Detected photons
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* For high energies Ey > 8 GeV
with -u < 2 GeV?

% Fast forward protons and low
energy photons in barrel
calorimeter, still detectable
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t-channel 11°

Yield Efficiency
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* For high energies Ey > 8 GeV,
expected dip at -t = 0.5 GeV2 from
zero in vector meson trajectory

% Smooth efficiency over range
dominated by t-channel exchange

u-channel workshop
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u-channel m° Efficiency-corrected

Yield Efficiency yield
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- beam asymmetry: t-channel
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- ) 5 Charged pseudoscalars: more

+ ————————————— complicated -7 dependence

-2:421 :_E';x { ) —— Nys et al. JPAC), PLB 779, 77 (2018)

WENL/ Yu and Kong, PLB 769, 262 (2017) Mark suggested the

o investigation of u-channel:
R e beam asymmetry, do/du?

arXiv:2009.07326
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Xiv:1810.11645
Backward vector mesons 0o

L L L L wer——— 1 1 T T 1
E =35 GeV —- MM,

— .. t-ch. meson poles Mb.g.

[E

E =35GeV  __ ynsaturated trajectory - ol
1l — saturated trajectory i 10 3
S E N - =+ Nucleon Reggeon M

. 3

10 E
102 3

10'E
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do/du [nb/GeV’]

10"

10"

) [ DR DRI R RET AT S SR SR B 2L
1025

* Data on w from CLASG6 and CIifft et. al.

* Models from Laget, B.-G. Yu, et. al. (see
talk this morning’s talk)

* Interest in pushing to higher energies for
more complete s, t, u dependence?
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t-channel: Spin Density Matrix Elements

% Intensity expressed as function of production and
decay angles for vector mesons: yp — pp

3 1 1
Wo(cos 9, ) = . (5(1 — pgo) + 5(3,080 — 1)c:os2 9 — \/§Rep?0 sin 219 cos ¢ — p?_1 sin® 9 cos 2g0>
7T
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3
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Schilling [Nucl. Phy. B, 15 (1970) 397]
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t-channel: Spin Density Matrix Elements

% Intensity expressed as function of production and
decay angles for vector mesons: yp — pp
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Schilling [Nucl. Phy. B, 15 (1970) 397]
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acceptance distributions
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t-channel: Spin Density Matrix Elements

% Intensity expressed as function of production and
decay angles for vector mesons: yp — pp
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i1 (cos I, p) — Py sin(20) W2 (cos 9, )

* Good agreement with JPAC
model in the low -t regime

% Natural parity exchange is
dominant for p, ¢, and w
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t-channel: Spin Density Matrix Elements

% Intensity expressed as function of production and
decay angles for vector mesons: yp — pp
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t and u dependence:

exclusive w—= 1ot
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t-channel kinematics: exclusive w—1ort+1r

Detected protons Detected i+
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u-channel kinematics: exclusive w—= 1o+t
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u-channel w— 1o+t Efficiency-corrected

Yield Efficiency yield
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* For high energies Ey > 8 GeV, smooth
efficiency over range dominated by
u-channel exchange

% Low-u region needs further
iInvestigation of decreasing effic.

* Large u-channel exchange coverage o - |
Wl'th Clean r], ) peak Invariant Mass (GeV)
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Summary

* “Backward” angle peaks observed for 9, n, w mesons, next
talks show more interesting examples

% Large acceptance allows GlueX to fully reconstruct these
final states in u- and t-channel production

* Observables:

% do/du for 3 <Ey<11.5 GeV

% polarization (2 and SDMEs) for 8.2 < Ey < 8.8 GeV
* Questions:

* Which final states are most interesting from theoretical
perspective? And which are simplest to interpret/model?

* Which observables are most important?
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n/N’ beam asymmetry

Recently submitted to PRC
arXiv:1908.05563
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® These Results
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Neutral pseudoscalars: 2~1, dominated by vector exchange
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n/N’ beam asymmetry

Recently submitted to PRC
arXiv:1908.05563
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Neutral pseudoscalars: 2~1, dominated by vector exchange
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