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Measured: o(E,) forreaction ~+p— J/Y+p
at 8.22(threshold) < E, < 12 GeV

Existing data: two experiments from 1975at  E > 11 GeV
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Measured: o(E,) forreaction ~+p— J/Y+p
at 8.22(threshold) < E, < 12 GeV

Existing data: two experiments from 1975at  E > 11 GeV

@ Photoproduction dynamics
e o(E,) is sensitive to high-x gluons in the nucleon
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Measured: o(E,) forreaction ~+p— J/Y+p
at 8.22(threshold) < E, < 12 GeV

Existing data: two experiments from 1975at  E > 11 GeV

© Spectroscopy: search for the LHCb pentaquark

@ s-channel production v + p — P.(4450) — J/¢ + p at 10.1 GeV
e The P, production would manifest itself as a peak in o( E,)

The main topic of this presentation
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Exotic XYZ states: rich spectroscopy results

Belle, BaBar, CDF, DO, LHCb, BES have detected, mostly in B decays
many mesonic states in cc, (bb) + X final states, as:

Xc1(3872) 0H(1+H) T < 1.2 MeV — J/ymn(> 3%), D*°D%(> 30%) ... ¢cc?
Z;(3900) 1T (1+7) I =28 MeV — J/yxn*,D*D... exotic (not a cc)

The masses are close to the thresholds of some reactions (say, D*D)

The experimental evidence is very strong!

The interpretation is still uncertain:

@ Tetraquark: diquark-antidiquark 3. x 3, € 1,

@ Molecule: meson-antimeson loosely bound 1. x 1, € 1.
“hadrocharmonium”

@ Cusp - kinematical effect

More information about their properties should help the interpretation
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LHCb Pentaquark

LHCb PRL, 115, 072001 (2015) A — K~ (J/¥p)

}yw @ No indications of A* — K~ p reflections to J/yp

{d_’“\ } @ PWA leads to two states for P} — J/vp:

e M; = 4380+ 30, = 205 + 90 MeV/c?
(a}K o M, =4450+ 3, r2 = 39+ 20 MeV/c?

W
YL lg (3~ 5+ - + 3
A°{3—-——-—"*:}C ° U (3,8 or (3.3 )Or(§ 3)

@ P,(4450)3F ® P} (4380)3

P

-

8

g

=
o
= E
W ® P(4450) '
-.-E‘-B-.,m E re E I’_t;i,‘!!t))
015} =
L 300
i1} 03] E
200
025} =
100
3 LHCb  F |
o & i PN WP TOUPL FUVRL PYPIL PRV RPN FPPIN FPTPY FPTE PYUT: WL PRI PPN FPPIL FOITL FOTOL PP RO PPN |
6 -035 03 025 02 015 01 D05 005 01 015 01-005 0O 005 01 015 02 025 03 035
[G‘M M(J/d)p) Re A% Re AR

Threshold of ¥.(2455)D*(2007) = 4462 MeV/c?>. The only mode detected J/+p
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Photoproduction of the Pentaquark: Predictions
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http://cgl.soic.indiana.edu/jpac/PentaQ_JPsi.php
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In a Broad-band photon beam
v+ p— J/¥+p mayinclude
VP Pe— J/U+p

Addressed in a number of papers:

M. Voloshin et al PRD 92, 031502 (2015)

Q. Wang et al PRD 92, 034022 (2015)

M. Karliner et al PL 752, 329 (2016)

A. Hiller Blin et al PRD 94, 034002 (2016) JPAC

Pe—Jjvp Fyp—Pe
Interference of t- and s-channels
Using the measured I'(P.) the full

cross section is calculable with one
free parameter:

7 p—/up(Epea) < BR(Pe — J/1p)?
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CEBAF at 12 GeV

5 new
cryomodules

~ double cryo ,/4

upgrade
existing Halls

upgrade magnets
and power supplies

Beam runs

year Enax, GeV
A B C D
2016 | 10.9 - - 120

2017 | 106 10.6 85 117
2018 | 10.6 10.6 106 11.7

‘geffégon Lab

E.Chudakov SPIN 2018, Ferrara J/2)» photoproduction 6/13



Hall D/GlueX Meson Spectroscopy In Photoproduction
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Hall D/GlueX Meson Spectroscopy In Photoproduction

Photon Tagger Pair Spectrometer
_ & Tripiet, Polarimeter
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Spectrometer parameters

» Acceptance: 1° < 6§ < 120°

» Resolutions:
ht: op/p~1-3%
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Hall D/GlueX Meson Spectroscopy In Photoproduction

Photon Tagger Pair Spectrometer
_ & Tripiet,Polarimeter
12GeV e l X, -------------- :
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Diamond Radiator  Electron Collimator GlueX
Beam Dump Spectromelel )

Experiment GlueX

» Designed for light meson spectroscopy
Main goal: search for hybrid mesons

» Data taking 80% complete

East ARC

Photon Beam Spectrum
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5. L ‘2\ .y a0% 3 2017 | 11.7 45 | analyzed
8o & H S 2018 | 11.7 100 | not yet analyzed
R ¥ E -
3 it phet'itii » Status of data analysis:

s complex final states reconstructed
understanding the efficiencies: in progress
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Hall D/GlueX Meson Spectroscopy In Photoproduction

Photon Tagger
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Pair Spectrometer

combinations / 0.0025 GeV
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Example of event reconstruction:
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Data Analysis for J/¢

Reaction studied: v p — J/v p, J/¥ — ete~
a(yp — ¥p) x BR~ 30 pb ~ 0.3-107° x oy(yp — hadrons)

_ EEE

Event identification:

e PID for p: TOF, % in drift chambers

e PID for e*: EM calorimeters (challenge: large BG from =+~ p events)
e Kinematic fit using the photon energy measured with a 0.1% resolution

The Bethe-Heitler reaction v p — (et e~ )p used for normalization

(absolute efficiencies are not fully understood yet) )
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Mass Spectrum of eTe~

GlueX Preliminary: not the final 2016+2017 data sample (about 70%).
All beam energies

= 300
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BH simulation from R.Paremuzyan, based on E.Berger et al, EPJC 23:675 (2002) )
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Mass Spectrum of eTe~

GlueX Preliminary: not the final 2016+2017 data sample (about 70%).
All beam energies
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Mass Spectrum of eTe~

GlueX Preliminary: not the final 2016+2017 data sample (about 70%).
All beam energies
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Energy dependence of the cross section
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Limit on the Pentaquark Production
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Limit on the Pentaquark Production
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Fit: 2 + 3-gluon exchange
Brodsky et al, PL 498 (2001)
2 free parameters  \?/ndf = 0.1

Limit for P;(4450) I' = 40 MeV
JPAC model, assumptions:
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J/2) photoproduction

Systematic to be addressed:

e {and s-channel interference
e VMD model dependence
e The wide state influence
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Unbinned distribution t vs E

The beam energy resolution is about 0.1% < 0.6 GeV bins
The P; is expected to produce broad t-distribution

e JPAC: §" BR = 3%

re

Preliminary

e White dots: J/v events from
the peak

e No indication of event
concentration at 10.1 GeV

|
s 12 0
E, (GeV)

11
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Summary & Outlook

@ Summary of the preliminary GlueX results

o The first measurement of the cross section of the reaction
~vp — J/1¢p close to threshold has been reported.
o No statistically-significant evidence for the LHCb pentaquark has
been observed. The model-predicted yield from
P,(4450)(3 ) — J/i¥p, BR=2% (or 3", BR=0.7%) is about
3o (stat) above the experimental result.

@ Outlook

e GlueXis planning to analyze the full data sample and finalize the
results before the end of the year. Also, we are planning to increase
the sensitivity to the P;(4450) detection by using ¢ — E unbinned
event analysis. Later, the 2018 data is expected to triple the
statistics.

@ Other experiments at JLab (CLAS12 and Hall C) have been
scheduled to the near future to measure the same process.
Potentially, they would be able to reach a higher sensitivity.
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BACKUP
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Identification of e*

Using the track momentum p and the calorimeter energy E
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Beam Flux Normalization
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Systematic Error Budget

Systematic error source Estimate, %
J/1 to BH relative yield 18
BH cross section calculation 10
Pion contamination to BH 5
p/ contamination to BH 5
t-dependence of efficiency 9
Total 24
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Exotic XYZ states: rich spectroscopy results

Belle, BaBar, CDF, DO, LHCb_, BES have detected, mostly in B decays

many mesonic states in cc, (bb) + X final states, as:

xe1(3872) 0T (1t 1) T < 1.2 — J/yrn(> 3%), D*°D°(> 30%) ... ¢cc?
Z:(3900) 1+(1t7) I =28 — J/yn*t, D*D... exotic (not a cc)

The masses are close to the thresholds of some reactions (say, D*D)
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