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§ GlueX studies the light meson spectrum and searches for exotic and hybrid mesons. The production 
of the lightest multiplet of exotic mesons involves the same Regge exchanges that occur in the 
pseudoscalar mesons production like    (‘) (Mathieu et al., Physics Letters B, 774 (2017) 362-367).

§ The chosen reaction is one of the simplest final states in the 
GlueX experiment to test the Regge theory for s and t dependence. 

§ The forward cross section peak is due to mesons exchange
(                ), while the backward cross section peak is due to
baryons exchange (                ), where           and            are the 
exchanged Regge trajectories (M. Guidal, J.M.Laget and 
M. Vanderhaeghen: Nucl.Phys.A 627 (1997) 645-678). 

§ Previous cross section measurements are scarce for beam energies above 4.5 GeV. GlueX will 
provide the most extensive high statistics measurements currently available.
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GlueX data tests many theoretical models in the full t-range such as :

§ EtaMAID2018 (L. Tiator et al. 2018), 

• 21 N* nucleon resonance states and Regge background

§ JPAC (Nys et al. 2017),

§ Laget Model (Laget 2006, Simon 2015), 

§ Handbag model ( P. Kroll and P. Passek 2018),  

• Handbag model studies the patron distribution functions and its cross section 
predictions valid for large s, t, and u >> conventional hadron scale 1 GeV2

Introduction
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Nys et al.,PhysRevD.95.034014, 2017

Eur. Phys. J. A 54, 210 (2018),  

Laget J. M., Phys. Rev. C73:044003,2006

P. Kroll and P. Passek, PhysRevD.97.074023, 2018

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.074023
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GlueX Detector

§ GlueX detector located at Hall-D in Jefferson lab.

§ Designed to detect charged particles and neutrals that are byproducts of possible exotic states.

§ Linearly polarized photon beam interacts with a 30 cm liquid Hydrogen target in the middle of 
the GlueX detector. 

The Gluonic eXcitations (GlueX) Experiment

at Jefferson Lab

Experimental Hall D:

Over 130 scientists from:
I 30 Institutions
I 10 Countries

Experiments with polarized
photon beam

Phase Run Period Raw Data [PB]
GlueX-I Spring 2017 0.9

Spring 2018 1.9
Fall 2018 1.1

GlueX-II Spring 2020 2.8
Summer 2020 1.7

Daniel Lersch (FSU) GHP 2021 04/13/2021 2 / 11



§ 39.41 %± 0.20                                                                                          neutral mode 
OR
§ 22.92 %± 0.28                                                                                          charged mode
§ Most of the differential cross section results that will be shown today are from the 

neutral mode.             

Data Selection
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§ The GlueX beam energy (                               GeV).

§ 50 % of GlueX-I data were used in the photoproduction differential cross section 
measurements. The luminosity in the bin of                                             is 44 pb-1.

§ Short dedicated run for low energy data (                          GeV) during the Fall 2018 run period.

6.0 < E� < 11.5
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Phase Run period Raw Data(PB)

GlueX I Spring 2017

Spring 2018

Fall 2018

0.9

1.9

1.1

GlueX II Spring 2020

Summer 2020

2.8

1.7
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Differential cross section comparisons with previous measurements

Tiator et al., 

http://cgl.soic.indiana.edu/jpac/EtaPhot.php, 
Nys et al.,PhysRevD.95.034014, 2017

§ Short dedicated run for low energy data                          GeV.

§ GlueX has better coverage than CLAS in low t, and u kinematic regions.

§ At higher energies, the statistics are not limited in the GlueX compared to CLAS2020 results.

Williams et al., Phys. Rev. C, 80(4):045213,2009
Hu et al., arXiv:2006.01361, 2020

3.19 GeVE� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

E� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

4.50 GeV
JPAC

JPAC

3 < E� < 5.5

<latexit sha1_base64="0vp83UMBbtPAuSTQeadXgPxhCWw=">AAAAAHicbVDLSsNAFJ34rPUVFVduBovgKiTaogsXRRFcVrAPaEO4mU7boTNJmJkIJRT8FTcuFHHrd7jzb5y2WWjrgQtnzrmXufeECWdKu+63tbS8srq2Xtgobm5t7+zae/sNFaeS0DqJeSxbISjKWUTrmmlOW4mkIEJOm+HwZuI3H6lULI4e9CihvoB+xHqMgDZSYB+e4yt8G2SdPggBY/OoOBUc2CXXcafAi8TLSQnlqAX2V6cbk1TQSBMOSrU9N9F+BlIzwum42EkVTYAMoU/bhkYgqPKz6fpjfGKULu7F0lSk8VT9PZGBUGokQtMpQA/UvDcR//Paqe5d+hmLklTTiMw+6qUc6xhPssBdJinRfGQIEMnMrpgMQALRJrGiCcGbP3mRNM4cr+y49+VS9TqPo4CO0DE6RR66QFV0h2qojgjK0DN6RW/Wk/VivVsfs9YlK585QH9gff4Ar16TXg==</latexit>

arXiv:1806.04525, 2018
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t =0.55 GeV2

Sim

t =2.7 GeV2

Data Data

Sim

GlueX-I data 
Yield Extraction

8.25 ± 0.25 GeVE� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

§ Good fits and agreement between data and simulation



9

Differential Cross Section Results for the t-range [0, 3.0] GeV2

6.25 ± 0.25 GeV 6.75 ± 0.25 GeV

Errors are statistical

8.25 ± 0.25 GeVE� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

E� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

E� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

E� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

10.75 ± 0.25 GeV
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Differential Cross Section Results for the t-range [0, 3.0] GeV2

6.75 ± 0.25 GeV 8.25 ± 0.25 GeVE� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

E� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

§ EtaMAID2018 has similar pattern as data at |t| < 1.5 GeV2, while Laget model has 
similar pattern as  the data at |t| > 1.5 GeV2.

§ EtaMAID2018 has better agreement with the data at low energies.
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Compare to charged decay mode

7.75 ± 0.25 GeVE� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

Differential Cross Section Results for the t-range [0, 3.0] GeV2

§ Good agreement with the PDG branching fraction of the two decay-branching ratios

0.58± 0.01

<latexit sha1_base64="ZURWkLcrdOtK9L7i/ydBVJr6smU=">AAAAAHicbVDLSgMxFL1TX7W+qi7dBIvgapiRil0W3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YtrPQ1gOXezjnXnJzwoQzbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+G7utydUaRbLRzNNaCDwULKIEWysFHjudQ31EoE81/P75YptC6B14uekAjka/fJXbxCTVFBpCMdad30vMUGGlWGE01mpl2qaYDLGQ9q1VGJBdZAtjp6hC6sMUBQrW9Kghfp7I8NC66kI7aTAZqRXvbn4n9dNTVQLMiaT1FBJlg9FKUcmRvME0IApSgyfWoKJYvZWREZYYWJsTiUbgr/65XXSunL9qus9VCv12zyOIpzBOVyCDzdQh3toQBMIPMEzvMKbM3FenHfnYzlacPKdU/gD5/MHj5aQAg==</latexit>
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Zoom In Differential Cross Section Results for the t-range [0, 1.0] GeV2

§ Linear Fit for                   for |t| < 1 GeV2

§ Determine Regge parameters 

§ The slope from the data is very similar to the EtaMAID2018

ln(
d�

dt
)

<latexit sha1_base64="bS0Avp4LT8q+c8rdtQB6CrVZ0UU=">AAAAAHicbVBNS8NAEJ3Ur1q/oh48eFksQr2URAp6LHrxWMF+QFPKZrNpl242YXcjlJCLf8WLB0W8+jO8+W/ctjlo64OBx3szzMzzE86Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0cdFaeS0DaJeSx7PlaUM0HbmmlOe4mkOPI57fqT25nffaRSsVg86GlCBxEeCRYygrWRhvaJx0XNCyUmWeApNopwngU6vxjaVafuzIFWiVuQKhRoDe0vL4hJGlGhCcdK9V0n0YMMS80Ip3nFSxVNMJngEe0bKnBE1SCbP5Cjc6MEKIylKaHRXP09keFIqWnkm84I67Fa9mbif14/1eH1IGMiSTUVZLEoTDnSMZqlgQImKdF8aggmkplbERljk4Y2mVVMCO7yy6ukc1l3G3XnvlFt3hRxlOEUzqAGLlxBE+6gBW0gkMMzvMKb9WS9WO/Wx6K1ZBUzx/AH1ucPAxyWrA==</latexit>



A Regge trajectory can be expressed as

,

where the differential cross section in the 
t-channel exchange is proportional to :

13

Extracted Regge Trajectories

d�

dt
/ (

s

s0
)2(↵

0t+↵0)�2

<latexit sha1_base64="n91jRcko9fHiTAkAh7QabnpNks0="></latexit>

where

= 1 GeV2     ( Conventional hadronic scale)

C0

<latexit sha1_base64="e5LnjKzz3Rz4fankZdfb2J/dxWY=">AAAAAHicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMdiLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00Bi4g3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeONnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVa9Wde9rlfptHkcRzuAcLsGDa6jDHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwC6XY1t</latexit>

C1↵
0

<latexit sha1_base64="1JgYzYhOrQigh/4rvcLhMKEQ3gY=">AAAAAHicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMdiLx4r2FpsQ5lsN+3SzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwbsz8hyemNI/lvZkkzI9wKHnIKRorPTb6Xg9FMsLzfrniVt05yCrxclKBHM1++as3iGkaMWmoQK27npsYP0NlOBVsWuqlmiVIxzhkXUslRkz72fziKTmzyoCEsbIlDZmrvycyjLSeRIHtjNCM9LI3E//zuqkJr/2MyyQ1TNLFojAVxMRk9j4ZcMWoERNLkCpubyV0hAqpsSGVbAje8surpH1Z9WpV965Wqd/kcRThBE7hAjy4gjrcQhNaQEHCM7zCm6OdF+fd+Vi0Fpx85hj+wPn8AaRVkD0=</latexit>

↵(t) = ↵0t+ ↵0

<latexit sha1_base64="hD28/FmSyjRIXxHtKavt5B0CJ2Y=">AAAAAHicbZDLSsNAFIYn9VbrLerSzWARK0JJpGA3QsGNywr2Am0Ik+mkHTqZhJkToYRu3fgqblwo4tY3cOfbOG2z0OoPAx//OYcz5w8SwTU4zpdVWFldW98obpa2tnd29+z9g7aOU0VZi8YiVt2AaCa4ZC3gIFg3UYxEgWCdYHw9q3fumdI8lncwSZgXkaHkIacEjOXbuE9EMiIVOMNXOZ9iwOc5+45vl52qMxf+C24OZZSr6duf/UFM04hJoIJo3XOdBLyMKOBUsGmpn2qWEDomQ9YzKEnEtJfNL5niE+MMcBgr8yTguftzIiOR1pMoMJ0RgZFers3M/2q9FMK6l3GZpMAkXSwKU4EhxrNY8IArRkFMDBCquPkrpiOiCAUTXsmE4C6f/BfaF1W3VnVua+VGPY+jiI7QMaogF12iBrpBTdRCFD2gJ/SCXq1H69l6s94XrQUrnzlEv2R9fAMXf5gB</latexit>

s0

<latexit sha1_base64="XCYd2pZY+9HD8M7SRXOH/0d7V2E=">AAAAAHicbVBNS8NAEJ3Ur1q/qh69LBbBU0mk0B4LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT24XffUKleSwfzSxBP6JjyUPOqLHSgx66w3LFrbpLkE3i5aQCOVrD8tdgFLM0QmmYoFr3PTcxfkaV4U zgvDRINSaUTekY+5ZKGqH2s+Wpc3JllREJY2VLGrJUf09kNNJ6FgW2M6Jmote9hfif109N2PAzLpPUoGSrRWEqiInJ4m8y4gqZETNLKFPc3krYhCrKjE2nZEPw1l/eJJ2bqleruve1SrORx1GEC7iEa/CgDk24gxa0gcEYnuEV3hzhvDjvzseqteDkM+fwB87nDwCKjZM=</latexit>

ln(
d�

dt
) / C0 + C1↵

0t,

<latexit sha1_base64="TzdoDDEh9qUwGxzXk3nncudc+Hg=">AAAAAHicbVDLSgMxFM34tr6qLt0Ei6goZUYLuhS7cVnBqtAp5U4m0wYzmZDcEcrQD3Hjr7hxoYgbF4J/Y1q78HUg4XDOvSTnRFoKi77/4U1MTk3PzM7NlxYWl5ZXyqtrlzbLDeNNlsnMXEdguRSKN1Gg5NfacEgjya+im/rQv7rlxopMXWBf83YKXSUSwQCd1CkfhlLthIkBVsShFd0UBkWMg10aapNpzGi949M9dwchSN2DbaT7nXLFr/oj0L8kGJMKGaPRKb+FccbylCtkEqxtBb7GdgEGBZN8UApzyzWwG+jylqMKUm7bxSjcgG45JaZJZtxRSEfq940CUmv7aeQmU8Ce/e0Nxf+8Vo7JcbsQSufIFft6KMkldaGHTdFYGM5Q9h0BZoT7K2U9cE2h67PkSgh+R/5LLg+qQa3qn9cqJ6fjOubIBtkkOyQgR+SEnJEGaRJG7sgDeSLP3r336L14r1+jE954Z538gPf+CZcqoF0=</latexit>

Where is the proportionality constant

C1 = 2 ln(
s

s0
)

<latexit sha1_base64="/Y23r/QfYX5/O5oYUTqQl0i2Vag=">AAAAAHicbVDLSsNAFL2pr1pfVVfiZrAIdVOSUtCNUOzGZQX7gKaEyXTSDp1MwsxEKCG48VfcuFDErV/hzr9x+lho64ELh3Pu5d57/JgzpW3728qtrW9sbuW3Czu7e/sHxcOjtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8cWPqdx6oVCwS93oS036Ih4IFjGBtJK940vAcdI2qLhdlN5CYpCpLlWdnF16xZFfsGdAqcRakBAs0veKXO4hIElKhCcdK9Rw71v0US80Ip1nBTRSNMRnjIe0ZKnBIVT+dvZChc6MMUBBJU0Kjmfp7IsWhUpPQN50h1iO17E3F/7xeooOrfspEnGgqyHxRkHCkIzTNAw2YpETziSGYSGZuRWSETRDapFYwITjLL6+SdrXi1Cr2Xa1Uv1nEkYdTOIMyOHAJdbiFJrSAwCM8wyu8WU/Wi/Vufcxbc9Zi5hj+wPr8ATjllg4=</latexit>

C0 = C1(↵0 � 1) + ln⇤,

<latexit sha1_base64="CgdSL0E+HLxVVC9Myubm/hZ83yU=">AAAAAHicbVDLSgMxFM3UV62vqks3wSpU1DIjBd0IxW5cuKhgH9Apw50004ZmMkOSEcrQH3Djr7hxoYhb9+78G9PHQq0HAifn3HuTe/yYM6Vt+8vKLCwuLa9kV3Nr6xubW/ntnYaKEklonUQ8ki0fFOVM0LpmmtNWLCmEPqdNf1Ad+817KhWLxJ0exrQTQk+wgBHQRvLyB1XPxpe46jlFF3jcB3M9dY6OscsFdm/MoC6cePmCXbInwPPEmZECmqHm5T/dbkSSkApNOCjVduxYd1KQmhFORzk3UTQGMoAebRsqIKSqk062GeFDo3RxEElzhMYT9WdHCqFSw9A3lSHovvrrjcX/vHaig4tOykScaCrI9KEg4VhHeBwN7jJJieZDQ4BIZv6KSR8kEG0CzJkQnL8rz5PGWckpl+zbcqFyNYsji/bQPioiB52jCrpGNVRHBD2gJ/SCXq1H69l6s96npRlr1rOLfsH6+AYDHphi</latexit>

⇤

<latexit sha1_base64="xw3rxN6Fep0ns4GVDYrYhFv2XTc=">AAAAAHicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSiTyU07dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+Hbmd55QaZ7IRzNJ0Y/pUPKIM2qs1Onf22hIB9WaW3fnIKvEK0gNCjQH1a9+mLAsRmmYoFr3PDc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m6U3JmlZBEibJPGjJXf0/kNNZ6Egc2GVMz0sveTPzP62UmuvZzLtPMoGSLj6JMEJOQ2e0k5AqZERNLKFPc7krYiCrKjG2oYkvwlk9eJe2LundZdx8ua42boo4ynMApnIMHV9CAO2hCCxiM4Rle4c1JnRfn3flYREtOMXMMf+B8/gAMo49g</latexit>



14

↵0

<latexit sha1_base64="VdAvtz7YMz/APSiiGL8+G6KBAz0=">AAAAAHicbVDLSgNBEOz1GeMr6tHLYBA9hV0J6DHoxWME84BkCb2TSTJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4bua3npg2PJGPdqJYGONQ8gGnaJ3U6qJQI7zolcp+xZ+DrJIgJ2XIUe+Vvrr9hKYxk5YKNKYT+MqGGWrLqWDTYjc1TCEd45B1HJUYMxNm83On5NwpfTJItCtpyVz9PZFhbMwkjlxnjHZklr2Z+J/XSe3gJsy4VKllki4WDVJBbEJmv5M+14xaMXEEqebuVkJHqJFal1DRhRAsv7xKmleVoFrxH6rl2m0eRwFO4QwuIYBrqME91KEBFMbwDK/w5invxXv3Phata14+cwJ/4H3+AO7rj0w=</latexit>

= |slope|/       C1

<latexit sha1_base64="nGolQjUwgxKouOUpVdbd9XTHmzo=">AAAAAHicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMdiLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00Bh4g3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeONnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVa9Wde9rlfptHkcRzuAcLsGDa6jDHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwC74Y1u</latexit>

Extracted Regge Trajectories

↵0 = 0.513± 0.003

<latexit sha1_base64="m9YW2L8tb3KF+f5i1KWqm7gcAUc=">AAAAAHicbZDLSgMxFIYz9VbrbdSVuAkW0VWZsRW7EQpuXFawF+gMJZNm2tBMJiQZoQzFja/ixoUibn0Kd76NmXYW2nog5OP/zyE5fyAYVdpxvq3Cyura+kZxs7S1vbO7Z+8ftFWcSExaOGax7AZIEUY5aWmqGekKSVAUMNIJxjeZ33kgUtGY3+uJIH6EhpyGFCNtpL595CEmRugMXkOnculWoSciQ45T7dvl7M4KLoObQxnk1ezbX94gxklEuMYMKdVzHaH9FElNMSPTkpcoIhAeoyHpGeQoIspPZytM4alRBjCMpTlcw5n6eyJFkVKTKDCdEdIjtehl4n9eL9Fh3U8pF4kmHM8fChMGdQyzPOCASoI1mxhAWFLzV4hHSCKsTWolE4K7uPIytC8qbq3i3NXKjXoeRxEcgxNwDlxwBRrgFjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPwp6/MHKQmUBQ==</latexit>



Differential cross section in the low u-range 
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t =14.1 GeV2

Gaussian fit + Linear background to extract the yield from each t-bin.

§ GlueX has a very good acceptance to measure
the differential cross section in both 
t-channel, and u-channel exchanges.

�

<latexit sha1_base64="awuRXJg0fQe4Il8H6NP7nmXUs1c=">AAAAAHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxM7PLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp2R2glNgrV/yqPwdZJUFOKpCj3it/dfsJzSRTlgo0phP4qQ0nqC2ngk1L3cywFOkIB6zjqELJTDiZXzslZ07pkzjRrpQlc/X3xASlMWMZuU6JdmiWvZn4n9fJbHwdTrhKM8sUXSyKM0FsQmavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XgsurfX1ZqN3kcRTiBUziHAK6gBndQhwZQeIRneIU3L/FevHfvY9Fa8PKZY/gD7/MHh+mPGA==</latexit>

p p

⌘

<latexit sha1_base64="ks7oL36ID6yrnLfGc/EIGhfKO80=">AAAAAHicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pmDjVlLVpLGLdC4lhgivWRo6C9RLNiAwF64bTu9zvPjFteKwecZawQJKx4hGnBHNpwJAMqzWv7i3grhO/IDUo0BpWvwajmKaSKaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1QRyUyQLW6duxdWGblRrG0pdBfq74mMSGNmMrSdkuDErHq5+J/XTzG6CTKukhSZostFUSpcjN38cXfENaMoZpYQqrm91aUToglFG0/FhuCvvrxOOld1v1H3Hhq15m0RRxnO4BwuwYdraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AAngjjs=</latexit>
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Errors are statistical

8.25 ± 0.25 GeVE� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

Differential cross section in the low u-range 

§ Differential cross section peak in
u-channel exchange.
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Intermediate region (large t and u)

§ Hard reactions, very small cross sections
§ Low statistics, peak shape constrained by simulation

t =10.5 GeV2
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Differential cross section results for the intermediate region

Errors are statistical

8.25 ± 0.25 GeVE� =

<latexit sha1_base64="WEwMslo5nSbwimnjK95Gb34FaRM=">AAAAAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyGgF6EgAgeI5gHJEuYncwmQ+axzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3RYngFnz/2ytsbG5t7xR3S3v7B4dH5eOTttWpoaxFtdCmGxHLBFesBRwE6yaGERkJ1okmt3O/88SM5Vo9wjRhoSQjxWNOCTipdzfI+iMiJZndDMoVv+ovgNdJkJMKytEclL/6Q01TyRRQQaztBX4CYUYMcCrYrNRPLUsInZAR6zmqiGQ2zBYnz/CFU4Y41saVArxQf09kRFo7lZHrlATGdtWbi/95vRTi6zDjKkmBKbpcFKcCg8bz//GQG0ZBTB0h1HB3K6ZjYggFl1LJhRCsvrxO2rVqUK/6D/VKo5bHUURn6BxdogBdoQa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AEYD5ET</latexit>

The general data trend is generally reproduced by the handbag model in this region. 

P. Kroll and P. Passek, PhysRevD.97.074023, 2018

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.074023
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Summary 

§ EtaMIAD2018 and Laget models reproduce data trend for |t| < 2-3 GeV2. 
§ For the transition region (4 < |t|< 11 GeV2), the handbag model  seems to be valid.
§ For |t|  > 12 GeV , no current model is describing the data.

§ GlueX provides     photo-production cross section in the full t-range over a very wide range of 
beam energies up to 11.5 GeV, that covers several physics topics and production mechanisms.

§ All the      differential cross section work will be published after systematic uncertainties are
calculated.

⌘

<latexit sha1_base64="ks7oL36ID6yrnLfGc/EIGhfKO80=">AAAAAHicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pmDjVlLVpLGLdC4lhgivWRo6C9RLNiAwF64bTu9zvPjFteKwecZawQJKx4hGnBHNpwJAMqzWv7i3grhO/IDUo0BpWvwajmKaSKaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1QRyUyQLW6duxdWGblRrG0pdBfq74mMSGNmMrSdkuDErHq5+J/XTzG6CTKukhSZostFUSpcjN38cXfENaMoZpYQqrm91aUToglFG0/FhuCvvrxOOld1v1H3Hhq15m0RRxnO4BwuwYdraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AAngjjs=</latexit>

⌘

<latexit sha1_base64="ks7oL36ID6yrnLfGc/EIGhfKO80=">AAAAAHicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pmDjVlLVpLGLdC4lhgivWRo6C9RLNiAwF64bTu9zvPjFteKwecZawQJKx4hGnBHNpwJAMqzWv7i3grhO/IDUo0BpWvwajmKaSKaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1QRyUyQLW6duxdWGblRrG0pdBfq74mMSGNmMrSdkuDErHq5+J/XTzG6CTKukhSZostFUSpcjN38cXfENaMoZpYQqrm91aUToglFG0/FhuCvvrxOOld1v1H3Hhq15m0RRxnO4BwuwYdraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AAngjjs=</latexit>

GlueX acknowledges the support of several funding agencies and computing facilities gluex.org/thanks/
This work is supported in part by the Department of Energy Contract DESC0013620 

http://gluex.org/thanks/
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Backup
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Differential Cross Section Results for the t-range [0.1, 3.0] GeV2

BE = 6.25 ± 0.25 GeV BE = 6.75 ± 0.25 GeV

BE = 7.25 ± 0.25 GeV

Errors are statistical


