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Motivation

 Understand the short  
range structure by probing  
high momentum tails

PROTON

NEUTRON

Deuteron is the simplest 
np bound state: starting  
point to study nuclear  
force (or NN potential)

 Extract momentum  
distributions beyond  
500 MeV/c recoil momenta  
at PWIA kinematics

 At short ranges, np  
start overlap: overlap is 
directly related to SRCs  
in A>2 nuclei
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Nuclear Missing Energy

Exclusive reaction  
selected via  
Missing Energy Cut
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D(e,e’p)n Kinematics
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Pm 
[MeV]

HMS 
Angle  
[deg]

HMS 
Momentum 

[GeV]

80 ~38.8 2.840

580 ~55 2.192

750 ~58.3 2.091

SHMS Angle: 12.194 deg

SHMS Momentum: -8.534 GeV

DATA 
SIMC



D(e,e’p)n Feynman Diagrams

Meson-Exchange Currents (MEC) Isobar Configurations (IC)

Plane Wave Impulse Approximation  
(PWIA)

Final State Interactions (FSI)
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Deuteron Momentum Distribution
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Factorization ONLY  
possible in PWIA

�exp ⌘ d5�

d!d⌦ed⌦p
= K · �ep · S(pm)
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Experim
ent Theory
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Orsay Linac (1964)
Kharkov Linac (1974)

SACLAY (1981)
SACLAY (1984)

Theoretical Calculations  
W. Fabian and H. Arenhovel,  
Nucl.Phys. A258, 461 (1976)  

Plots Reference:  
W.U.Boeglin and M. Sargsian  
Int.J.Mod.Phys. E24 (2015)  
no.03, 1530003 

Previous D(e,e’p)n Experiments at: Q2 < 1 GeV2
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MAMI (1998)
PWIA

FSI
FSI + MEC
FSI + MEC + IC
FSI + MEC + IC +R

PWIA + PWBA

At Pm>300 MeV/c, FSI+MEC+IC all dominate the cross section
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Plots Reference:  
W.U.Boeglin and M. Sargsian  
Int.J.Mod.Phys. E24 (2015)  
no.03, 1530003

Q2 > 1 GeV2
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First D(e,e’p)n Experiments at: 

JLab Hall A (2011) JLab Hall B (2007)

FSI peaks 
at ~70 deg 
(predicted  
by GEA)

Reduced FSIs at   
~40 deg  (R ~ 1)  

genuine momentum 
distributions probed

CD-Bonn FSI (MS)

Paris FSI  
(J.M. Laget)

Paris FSI+MEC+IC  
(J.M. Laget)

JVO Model  
(J. Van Orden)

DATA

pm = 0.2 GeV/c
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pm = 0.4 GeV/c
<latexit sha1_base64="99w+1eN1ZvFaJ9OZRa9XYwFi91M=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5yRgF6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZ+WHLvk3JaLlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/3MmVVw==</latexit><latexit sha1_base64="99w+1eN1ZvFaJ9OZRa9XYwFi91M=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5yRgF6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZ+WHLvk3JaLlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/3MmVVw==</latexit><latexit sha1_base64="99w+1eN1ZvFaJ9OZRa9XYwFi91M=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5yRgF6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZ+WHLvk3JaLlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/3MmVVw==</latexit><latexit sha1_base64="99w+1eN1ZvFaJ9OZRa9XYwFi91M=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5yRgF6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZ+WHLvk3JaLlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/3MmVVw==</latexit>

pm = 0.5 GeV/c
<latexit sha1_base64="0+HYc77t9q8A40k9oROJnBUZZ1w=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET3FXFL0IQQ96jGAekIQwO+lNhsw+mOkVw7oHf8WLB0W8+hve/BsnyR40saChqOqmu8uNpNBo29/W3PzC4tJybiW/ura+sVnY2q7pMFYcqjyUoWq4TIMUAVRRoIRGpID5roS6O7ga+fV7UFqEwR0OI2j7rBcIT3CGRuoUdqNO4qcXdum0hfCACb2G2hFPO4WiXbLHoLPEyUiRZKh0Cl+tbshjHwLkkmnddOwI2wlTKLiENN+KNUSMD1gPmoYGzAfdTsb3p/TAKF3qhcpUgHSs/p5ImK/10HdNp8+wr6e9kfif14zRO28nIohihIBPFnmxpBjSURi0KxRwlENDGFfC3Ep5nynG0USWNyE40y/PktpxybFLzu1JsXyZxZEje2SfHBKHnJEyuSEVUiWcPJJn8krerCfrxXq3Piatc1Y2s0P+wPr8Ad5alVg=</latexit><latexit sha1_base64="0+HYc77t9q8A40k9oROJnBUZZ1w=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET3FXFL0IQQ96jGAekIQwO+lNhsw+mOkVw7oHf8WLB0W8+hve/BsnyR40saChqOqmu8uNpNBo29/W3PzC4tJybiW/ura+sVnY2q7pMFYcqjyUoWq4TIMUAVRRoIRGpID5roS6O7ga+fV7UFqEwR0OI2j7rBcIT3CGRuoUdqNO4qcXdum0hfCACb2G2hFPO4WiXbLHoLPEyUiRZKh0Cl+tbshjHwLkkmnddOwI2wlTKLiENN+KNUSMD1gPmoYGzAfdTsb3p/TAKF3qhcpUgHSs/p5ImK/10HdNp8+wr6e9kfif14zRO28nIohihIBPFnmxpBjSURi0KxRwlENDGFfC3Ep5nynG0USWNyE40y/PktpxybFLzu1JsXyZxZEje2SfHBKHnJEyuSEVUiWcPJJn8krerCfrxXq3Piatc1Y2s0P+wPr8Ad5alVg=</latexit><latexit sha1_base64="0+HYc77t9q8A40k9oROJnBUZZ1w=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET3FXFL0IQQ96jGAekIQwO+lNhsw+mOkVw7oHf8WLB0W8+hve/BsnyR40saChqOqmu8uNpNBo29/W3PzC4tJybiW/ura+sVnY2q7pMFYcqjyUoWq4TIMUAVRRoIRGpID5roS6O7ga+fV7UFqEwR0OI2j7rBcIT3CGRuoUdqNO4qcXdum0hfCACb2G2hFPO4WiXbLHoLPEyUiRZKh0Cl+tbshjHwLkkmnddOwI2wlTKLiENN+KNUSMD1gPmoYGzAfdTsb3p/TAKF3qhcpUgHSs/p5ImK/10HdNp8+wr6e9kfif14zRO28nIohihIBPFnmxpBjSURi0KxRwlENDGFfC3Ep5nynG0USWNyE40y/PktpxybFLzu1JsXyZxZEje2SfHBKHnJEyuSEVUiWcPJJn8krerCfrxXq3Piatc1Y2s0P+wPr8Ad5alVg=</latexit><latexit sha1_base64="0+HYc77t9q8A40k9oROJnBUZZ1w=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET3FXFL0IQQ96jGAekIQwO+lNhsw+mOkVw7oHf8WLB0W8+hve/BsnyR40saChqOqmu8uNpNBo29/W3PzC4tJybiW/ura+sVnY2q7pMFYcqjyUoWq4TIMUAVRRoIRGpID5roS6O7ga+fV7UFqEwR0OI2j7rBcIT3CGRuoUdqNO4qcXdum0hfCACb2G2hFPO4WiXbLHoLPEyUiRZKh0Cl+tbshjHwLkkmnddOwI2wlTKLiENN+KNUSMD1gPmoYGzAfdTsb3p/TAKF3qhcpUgHSs/p5ImK/10HdNp8+wr6e9kfif14zRO28nIohihIBPFnmxpBjSURi0KxRwlENDGFfC3Ep5nynG0USWNyE40y/PktpxybFLzu1JsXyZxZEje2SfHBKHnJEyuSEVUiWcPJJn8krerCfrxXq3Piatc1Y2s0P+wPr8Ad5alVg=</latexit>

0.2  pm  0.3 GeV/c
<latexit sha1_base64="vfg9eGUF4ibPuFhNj/on6wQ5Rvg=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27UdAyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNAmwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUC06nut4N6f50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP3duaGw==</latexit><latexit sha1_base64="vfg9eGUF4ibPuFhNj/on6wQ5Rvg=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27UdAyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNAmwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUC06nut4N6f50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP3duaGw==</latexit><latexit sha1_base64="vfg9eGUF4ibPuFhNj/on6wQ5Rvg=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27UdAyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNAmwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUC06nut4N6f50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP3duaGw==</latexit><latexit sha1_base64="vfg9eGUF4ibPuFhNj/on6wQ5Rvg=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27UdAyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNAmwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUC06nut4N6f50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP3duaGw==</latexit>

0.4  pm  0.6 GeV/c
<latexit sha1_base64="Gwy9k0z470e+rjpzX9o05IQhQ5Y=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27EtQyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNImwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUD1xPNfxbor50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP5d2aIA==</latexit><latexit sha1_base64="Gwy9k0z470e+rjpzX9o05IQhQ5Y=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27EtQyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNImwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUD1xPNfxbor50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP5d2aIA==</latexit><latexit sha1_base64="Gwy9k0z470e+rjpzX9o05IQhQ5Y=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27EtQyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNImwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUD1xPNfxbor50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP5d2aIA==</latexit><latexit sha1_base64="Gwy9k0z470e+rjpzX9o05IQhQ5Y=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27EtQyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNImwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUD1xPNfxbor50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP5d2aIA==</latexit>

Paris FSI  
(J.M. Laget)

CD-Bonn FSI (MS)

Q2 = 3.5± 0.25 GeV2
<latexit sha1_base64="CFEnkhmfEj1GVosyk7af8Sn+l3I=">AAACD3icbZC7SgNBFIZnvcZ4i1raDCaK1bIbFW0E0UJLBXOBZA2zk5M4ZPbCzFkxLHkDG1/FxkIRW1s738ZJ3EITDwx8/P85nDm/H0uh0XG+rKnpmdm5+dxCfnFpeWW1sLZe1VGiOFR4JCNV95kGKUKooEAJ9VgBC3wJNb93NvRrd6C0iMJr7MfgBawbio7gDI3UKuxc3aTlAT2me/YBbcYBdeyyAYR7TOk5VEtDuzRoFYqO7YyKToKbQZFkddkqfDbbEU8CCJFLpnXDdWL0UqZQcAmDfDPREDPeY11oGAxZANpLR/cM6LZR2rQTKfNCpCP190TKAq37gW86A4a3etwbiv95jQQ7R14qwjhBCPnPok4iKUZ0GA5tCwUcZd8A40qYv1J+yxTjaCLMmxDc8ZMnoVq2Xcd2r/aLJ6dZHDmySbbILnHJITkhF+SSVAgnD+SJvJBX69F6tt6s95/WKSub2SB/yvr4BvoFmXw=</latexit><latexit sha1_base64="CFEnkhmfEj1GVosyk7af8Sn+l3I=">AAACD3icbZC7SgNBFIZnvcZ4i1raDCaK1bIbFW0E0UJLBXOBZA2zk5M4ZPbCzFkxLHkDG1/FxkIRW1s738ZJ3EITDwx8/P85nDm/H0uh0XG+rKnpmdm5+dxCfnFpeWW1sLZe1VGiOFR4JCNV95kGKUKooEAJ9VgBC3wJNb93NvRrd6C0iMJr7MfgBawbio7gDI3UKuxc3aTlAT2me/YBbcYBdeyyAYR7TOk5VEtDuzRoFYqO7YyKToKbQZFkddkqfDbbEU8CCJFLpnXDdWL0UqZQcAmDfDPREDPeY11oGAxZANpLR/cM6LZR2rQTKfNCpCP190TKAq37gW86A4a3etwbiv95jQQ7R14qwjhBCPnPok4iKUZ0GA5tCwUcZd8A40qYv1J+yxTjaCLMmxDc8ZMnoVq2Xcd2r/aLJ6dZHDmySbbILnHJITkhF+SSVAgnD+SJvJBX69F6tt6s95/WKSub2SB/yvr4BvoFmXw=</latexit><latexit sha1_base64="CFEnkhmfEj1GVosyk7af8Sn+l3I=">AAACD3icbZC7SgNBFIZnvcZ4i1raDCaK1bIbFW0E0UJLBXOBZA2zk5M4ZPbCzFkxLHkDG1/FxkIRW1s738ZJ3EITDwx8/P85nDm/H0uh0XG+rKnpmdm5+dxCfnFpeWW1sLZe1VGiOFR4JCNV95kGKUKooEAJ9VgBC3wJNb93NvRrd6C0iMJr7MfgBawbio7gDI3UKuxc3aTlAT2me/YBbcYBdeyyAYR7TOk5VEtDuzRoFYqO7YyKToKbQZFkddkqfDbbEU8CCJFLpnXDdWL0UqZQcAmDfDPREDPeY11oGAxZANpLR/cM6LZR2rQTKfNCpCP190TKAq37gW86A4a3etwbiv95jQQ7R14qwjhBCPnPok4iKUZ0GA5tCwUcZd8A40qYv1J+yxTjaCLMmxDc8ZMnoVq2Xcd2r/aLJ6dZHDmySbbILnHJITkhF+SSVAgnD+SJvJBX69F6tt6s95/WKSub2SB/yvr4BvoFmXw=</latexit><latexit sha1_base64="CFEnkhmfEj1GVosyk7af8Sn+l3I=">AAACD3icbZC7SgNBFIZnvcZ4i1raDCaK1bIbFW0E0UJLBXOBZA2zk5M4ZPbCzFkxLHkDG1/FxkIRW1s738ZJ3EITDwx8/P85nDm/H0uh0XG+rKnpmdm5+dxCfnFpeWW1sLZe1VGiOFR4JCNV95kGKUKooEAJ9VgBC3wJNb93NvRrd6C0iMJr7MfgBawbio7gDI3UKuxc3aTlAT2me/YBbcYBdeyyAYR7TOk5VEtDuzRoFYqO7YyKToKbQZFkddkqfDbbEU8CCJFLpnXDdWL0UqZQcAmDfDPREDPeY11oGAxZANpLR/cM6LZR2rQTKfNCpCP190TKAq37gW86A4a3etwbiv95jQQ7R14qwjhBCPnPok4iKUZ0GA5tCwUcZd8A40qYv1J+yxTjaCLMmxDc8ZMnoVq2Xcd2r/aLJ6dZHDmySbbILnHJITkhF+SSVAgnD+SJvJBX69F6tt6s95/WKSub2SB/yvr4BvoFmXw=</latexit>

Reduced FSIs  
at ~120 deg  

(R ~ 1), 
But ICs are significant
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DATA ANALYSIS  
CUTS 

(shown only for 80 MeV setting but are  
also applied to high missing momentum data)

EXACT CUTS ARE ALSO APPLIED TO SIMULATION  
(except for PID cuts)
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Extraction of D(e,e’p)n 
Coincidence Cross Sections  

at Hall C



11

Extraction of the D(e,e’p)n Cross Section

Y corr
data =

Y uncorr
data · frc

Qtot · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="xfdV5hHdB5qlnCCxBW06X+njq5o="></latexit><latexit sha1_base64="xfdV5hHdB5qlnCCxBW06X+njq5o="></latexit><latexit sha1_base64="xfdV5hHdB5qlnCCxBW06X+njq5o="></latexit><latexit sha1_base64="xfdV5hHdB5qlnCCxBW06X+njq5o="></latexit>

Phase Space Volume

Radiative  
Correction

Correct for 
Inefficiencies

Corrected Data Yield

�̄exp ⌘ Y corr
data

V P.S.
<latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit><latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit><latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit><latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit>

Normalize data 
by total charge

**See Backup Slides for details of efficiencies and correction factors
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V P.S. =
Nf

Nacc
Jcorr ! Nf

Nacc
⌘ L

Ngen
d!d⌦ed⌦p

<latexit sha1_base64="N0E7DfmjPY2fZWrwaZAReqIaZoE="></latexit><latexit sha1_base64="N0E7DfmjPY2fZWrwaZAReqIaZoE="></latexit><latexit sha1_base64="N0E7DfmjPY2fZWrwaZAReqIaZoE="></latexit><latexit sha1_base64="N0E7DfmjPY2fZWrwaZAReqIaZoE="></latexit>

Normalization Factor

Accepted Events within 
spec. Acceptance

Jacobian Correction 
(convert spec. solid angles 
to physics angles)

Spectrometer  
“Solid Angles”

Luminosity

Generated Events

*(See simc.f in SIMC) for definition of  luminosity

Extraction of the D(e,e’p)n Cross Section
Spectrometer Acceptance (or Phase Space) Definition



D(e,e’p) Momentum Distributions

Reduced cross section  
(momentum distributions in PWIA)

Fully Corrected  
Experimental  
cross sections

Kinematic Factor  
times deForest  
ep cross section
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Division by deForest and kinematic factor removes kinematical dependencies on 
reduced cross section

K ⌘ k · frec ⇠ Pf , Pm, q
<latexit sha1_base64="TCfRCxQ9Qs08donV4eFnEO9iiaw=">AAACFXicbVDLSsNAFJ34rPUVdelmsAguSklE0GXRjeCmgn1AE8JkMmmHziTpzKRQQn7Cjb/ixoUibgV3/o2TNgttPTDcwzn3cuceP2FUKsv6NlZW19Y3Nitb1e2d3b198+CwI+NUYNLGMYtFz0eSMBqRtqKKkV4iCOI+I11/dFP43QkRksbRg5omxOVoENGQYqS05Jn1O+iQcUoncOTgIFYw9DJBcA4dSTlseVmY14vCdRl7Zs1qWDPAZWKXpAZKtDzzywlinHISKcyQlH3bSpSbIaEoZiSvOqkkCcIjNCB9TSPEiXSz2VU5PNVKAMNY6BcpOFN/T2SISznlvu7kSA3loleI/3n9VIVXbkajJFUkwvNFYcqgimEREQyoTkCxqSYIC6r/CvEQCYSVDrKqQ7AXT14mnfOGbTXs+4ta87qMowKOwQk4Aza4BE1wC1qgDTB4BM/gFbwZT8aL8W58zFtXjHLmCPyB8fkD9eaeCw==</latexit><latexit sha1_base64="TCfRCxQ9Qs08donV4eFnEO9iiaw=">AAACFXicbVDLSsNAFJ34rPUVdelmsAguSklE0GXRjeCmgn1AE8JkMmmHziTpzKRQQn7Cjb/ixoUibgV3/o2TNgttPTDcwzn3cuceP2FUKsv6NlZW19Y3Nitb1e2d3b198+CwI+NUYNLGMYtFz0eSMBqRtqKKkV4iCOI+I11/dFP43QkRksbRg5omxOVoENGQYqS05Jn1O+iQcUoncOTgIFYw9DJBcA4dSTlseVmY14vCdRl7Zs1qWDPAZWKXpAZKtDzzywlinHISKcyQlH3bSpSbIaEoZiSvOqkkCcIjNCB9TSPEiXSz2VU5PNVKAMNY6BcpOFN/T2SISznlvu7kSA3loleI/3n9VIVXbkajJFUkwvNFYcqgimEREQyoTkCxqSYIC6r/CvEQCYSVDrKqQ7AXT14mnfOGbTXs+4ta87qMowKOwQk4Aza4BE1wC1qgDTB4BM/gFbwZT8aL8W58zFtXjHLmCPyB8fkD9eaeCw==</latexit><latexit sha1_base64="TCfRCxQ9Qs08donV4eFnEO9iiaw=">AAACFXicbVDLSsNAFJ34rPUVdelmsAguSklE0GXRjeCmgn1AE8JkMmmHziTpzKRQQn7Cjb/ixoUibgV3/o2TNgttPTDcwzn3cuceP2FUKsv6NlZW19Y3Nitb1e2d3b198+CwI+NUYNLGMYtFz0eSMBqRtqKKkV4iCOI+I11/dFP43QkRksbRg5omxOVoENGQYqS05Jn1O+iQcUoncOTgIFYw9DJBcA4dSTlseVmY14vCdRl7Zs1qWDPAZWKXpAZKtDzzywlinHISKcyQlH3bSpSbIaEoZiSvOqkkCcIjNCB9TSPEiXSz2VU5PNVKAMNY6BcpOFN/T2SISznlvu7kSA3loleI/3n9VIVXbkajJFUkwvNFYcqgimEREQyoTkCxqSYIC6r/CvEQCYSVDrKqQ7AXT14mnfOGbTXs+4ta87qMowKOwQk4Aza4BE1wC1qgDTB4BM/gFbwZT8aL8W58zFtXjHLmCPyB8fkD9eaeCw==</latexit><latexit sha1_base64="TCfRCxQ9Qs08donV4eFnEO9iiaw=">AAACFXicbVDLSsNAFJ34rPUVdelmsAguSklE0GXRjeCmgn1AE8JkMmmHziTpzKRQQn7Cjb/ixoUibgV3/o2TNgttPTDcwzn3cuceP2FUKsv6NlZW19Y3Nitb1e2d3b198+CwI+NUYNLGMYtFz0eSMBqRtqKKkV4iCOI+I11/dFP43QkRksbRg5omxOVoENGQYqS05Jn1O+iQcUoncOTgIFYw9DJBcA4dSTlseVmY14vCdRl7Zs1qWDPAZWKXpAZKtDzzywlinHISKcyQlH3bSpSbIaEoZiSvOqkkCcIjNCB9TSPEiXSz2VU5PNVKAMNY6BcpOFN/T2SISznlvu7kSA3loleI/3n9VIVXbkajJFUkwvNFYcqgimEREQyoTkCxqSYIC6r/CvEQCYSVDrKqQ7AXT14mnfOGbTXs+4ta87qMowKOwQk4Aza4BE1wC1qgDTB4BM/gFbwZT8aL8W58zFtXjHLmCPyB8fkD9eaeCw==</latexit>

�red ⌘
�exp
bc

K�cc1
<latexit sha1_base64="7TJ6cqkh3RsL/gLP4dBSY0zfdu8=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiKLgpuhHcVLAP6NQhk95pQzMPk0yxhPkYN/6KGxc+cOHGbzF9CNp6IHA451xu7vETzqSy7U8rt7C4tLySXy2srW9sbhW3d+oyTgWFGo15LJo+kcBZBDXFFIdmIoCEPoeG378Y+Y0BCMni6EYNE2iHpBuxgFGijOQVz1zJuiHxtIBOhl24S9kAu4EgVE+cWw33SeZpn2aZvvpJU+pkmVcs2WV7DDxPnCkpoSmqXvHN7cQ0DSFSlBMpW46dqLYmQjHKISu4qYSE0D7pQsvQiIQg23p8ZIYPjNLBQSzMixQeq78nNAmlHIa+SYZE9eSsNxL/81qpCk7bmkVJqiCik0VByrGK8agx3GECqOJDQwgVzPwV0x4xDSnTa8GU4MyePE/qR2XHLjvXx6XK+bSOPNpD++gQOegEVdAlqqIaougBPaEX9Go9Ws/Wu/Uxieas6cwu+gPr6xv03KbY</latexit><latexit sha1_base64="7TJ6cqkh3RsL/gLP4dBSY0zfdu8=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiKLgpuhHcVLAP6NQhk95pQzMPk0yxhPkYN/6KGxc+cOHGbzF9CNp6IHA451xu7vETzqSy7U8rt7C4tLySXy2srW9sbhW3d+oyTgWFGo15LJo+kcBZBDXFFIdmIoCEPoeG378Y+Y0BCMni6EYNE2iHpBuxgFGijOQVz1zJuiHxtIBOhl24S9kAu4EgVE+cWw33SeZpn2aZvvpJU+pkmVcs2WV7DDxPnCkpoSmqXvHN7cQ0DSFSlBMpW46dqLYmQjHKISu4qYSE0D7pQsvQiIQg23p8ZIYPjNLBQSzMixQeq78nNAmlHIa+SYZE9eSsNxL/81qpCk7bmkVJqiCik0VByrGK8agx3GECqOJDQwgVzPwV0x4xDSnTa8GU4MyePE/qR2XHLjvXx6XK+bSOPNpD++gQOegEVdAlqqIaougBPaEX9Go9Ws/Wu/Uxieas6cwu+gPr6xv03KbY</latexit><latexit sha1_base64="7TJ6cqkh3RsL/gLP4dBSY0zfdu8=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiKLgpuhHcVLAP6NQhk95pQzMPk0yxhPkYN/6KGxc+cOHGbzF9CNp6IHA451xu7vETzqSy7U8rt7C4tLySXy2srW9sbhW3d+oyTgWFGo15LJo+kcBZBDXFFIdmIoCEPoeG378Y+Y0BCMni6EYNE2iHpBuxgFGijOQVz1zJuiHxtIBOhl24S9kAu4EgVE+cWw33SeZpn2aZvvpJU+pkmVcs2WV7DDxPnCkpoSmqXvHN7cQ0DSFSlBMpW46dqLYmQjHKISu4qYSE0D7pQsvQiIQg23p8ZIYPjNLBQSzMixQeq78nNAmlHIa+SYZE9eSsNxL/81qpCk7bmkVJqiCik0VByrGK8agx3GECqOJDQwgVzPwV0x4xDSnTa8GU4MyePE/qR2XHLjvXx6XK+bSOPNpD++gQOegEVdAlqqIaougBPaEX9Go9Ws/Wu/Uxieas6cwu+gPr6xv03KbY</latexit><latexit sha1_base64="7TJ6cqkh3RsL/gLP4dBSY0zfdu8=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiKLgpuhHcVLAP6NQhk95pQzMPk0yxhPkYN/6KGxc+cOHGbzF9CNp6IHA451xu7vETzqSy7U8rt7C4tLySXy2srW9sbhW3d+oyTgWFGo15LJo+kcBZBDXFFIdmIoCEPoeG378Y+Y0BCMni6EYNE2iHpBuxgFGijOQVz1zJuiHxtIBOhl24S9kAu4EgVE+cWw33SeZpn2aZvvpJU+pkmVcs2WV7DDxPnCkpoSmqXvHN7cQ0DSFSlBMpW46dqLYmQjHKISu4qYSE0D7pQsvQiIQg23p8ZIYPjNLBQSzMixQeq78nNAmlHIa+SYZE9eSsNxL/81qpCk7bmkVJqiCik0VByrGK8agx3GECqOJDQwgVzPwV0x4xDSnTa8GU4MyePE/qR2XHLjvXx6XK+bSOPNpD++gQOegEVdAlqqIaougBPaEX9Go9Ws/Wu/Uxieas6cwu+gPr6xv03KbY</latexit>

�cc1 ⇠ GEp(Q
2), GMp(Q

2)
<latexit sha1_base64="+yUHWQJ6mk17D0DXzpi206qhgXs=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoIDUpgi6LIroRWrAPaGOYTCft0JkkzEyEEvIZbvwVNy4Ucdudf+OkzUKrFwbO417u3ONFjEplWV9GYWl5ZXWtuF7a2Nza3jF399oyjAUmLRyyUHQ9JAmjAWkpqhjpRoIg7jHS8cZXmd95JELSMLhXk4g4HA0D6lOMlJZc87Qv6ZAjN8HYTqEmHN64yXWUwkrzIamlxycZv4vSnLpm2apas4J/gZ2DMsir4ZrT/iDEMSeBwgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnYYA4kU4yOyyFR1oZQD8U+gUKztSfEwniUk64pzs5UiO56GXif14vVv6Fk9AgihUJ8HyRHzOoQpilBAdUEKzYRAOEBdV/hXiEBMJKZ1nSIdiLJ/8F7VrVtqp286xcv8zjKIIDcAgqwAbnoA5uQQO0AAZP4AW8gXfj2Xg1PozPeWvByGf2wa8ypt8sQp6P</latexit><latexit sha1_base64="+yUHWQJ6mk17D0DXzpi206qhgXs=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoIDUpgi6LIroRWrAPaGOYTCft0JkkzEyEEvIZbvwVNy4Ucdudf+OkzUKrFwbO417u3ONFjEplWV9GYWl5ZXWtuF7a2Nza3jF399oyjAUmLRyyUHQ9JAmjAWkpqhjpRoIg7jHS8cZXmd95JELSMLhXk4g4HA0D6lOMlJZc87Qv6ZAjN8HYTqEmHN64yXWUwkrzIamlxycZv4vSnLpm2apas4J/gZ2DMsir4ZrT/iDEMSeBwgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnYYA4kU4yOyyFR1oZQD8U+gUKztSfEwniUk64pzs5UiO56GXif14vVv6Fk9AgihUJ8HyRHzOoQpilBAdUEKzYRAOEBdV/hXiEBMJKZ1nSIdiLJ/8F7VrVtqp286xcv8zjKIIDcAgqwAbnoA5uQQO0AAZP4AW8gXfj2Xg1PozPeWvByGf2wa8ypt8sQp6P</latexit><latexit sha1_base64="+yUHWQJ6mk17D0DXzpi206qhgXs=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoIDUpgi6LIroRWrAPaGOYTCft0JkkzEyEEvIZbvwVNy4Ucdudf+OkzUKrFwbO417u3ONFjEplWV9GYWl5ZXWtuF7a2Nza3jF399oyjAUmLRyyUHQ9JAmjAWkpqhjpRoIg7jHS8cZXmd95JELSMLhXk4g4HA0D6lOMlJZc87Qv6ZAjN8HYTqEmHN64yXWUwkrzIamlxycZv4vSnLpm2apas4J/gZ2DMsir4ZrT/iDEMSeBwgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnYYA4kU4yOyyFR1oZQD8U+gUKztSfEwniUk64pzs5UiO56GXif14vVv6Fk9AgihUJ8HyRHzOoQpilBAdUEKzYRAOEBdV/hXiEBMJKZ1nSIdiLJ/8F7VrVtqp286xcv8zjKIIDcAgqwAbnoA5uQQO0AAZP4AW8gXfj2Xg1PozPeWvByGf2wa8ypt8sQp6P</latexit><latexit sha1_base64="+yUHWQJ6mk17D0DXzpi206qhgXs=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoIDUpgi6LIroRWrAPaGOYTCft0JkkzEyEEvIZbvwVNy4Ucdudf+OkzUKrFwbO417u3ONFjEplWV9GYWl5ZXWtuF7a2Nza3jF399oyjAUmLRyyUHQ9JAmjAWkpqhjpRoIg7jHS8cZXmd95JELSMLhXk4g4HA0D6lOMlJZc87Qv6ZAjN8HYTqEmHN64yXWUwkrzIamlxycZv4vSnLpm2apas4J/gZ2DMsir4ZrT/iDEMSeBwgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnYYA4kU4yOyyFR1oZQD8U+gUKztSfEwniUk64pzs5UiO56GXif14vVv6Fk9AgihUJ8HyRHzOoQpilBAdUEKzYRAOEBdV/hXiEBMJKZ1nSIdiLJ/8F7VrVtqp286xcv8zjKIIDcAgqwAbnoA5uQQO0AAZP4AW8gXfj2Xg1PozPeWvByGf2wa8ypt8sQp6P</latexit>
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Hall C D(e,e’p)n  
Experiment Results 
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* Paris calculations are done by J.M.Laget

 * AV18/CD-Bonn calculations are done by  M. Sargsian

Hall A: Q2
= 3.5± 0.25 GeV

2
<latexit sha1_base64="i7lQjm7SeYGOAfstxU4AMShZuvE=">AAACIXicbVDLSsNAFJ3UV62vqks3g63gKiRVsQhC1YUuFewDmlom01s7OHkwcyOWkF9x46+4caFId+LPmLRd+DowcDjnXO7c44ZSaLSsDyM3Mzs3v5BfLCwtr6yuFdc3GjqIFIc6D2SgWi7TIIUPdRQooRUqYJ4roenenWV+8x6UFoF/jcMQOh679UVfcIap1C1WHYQHjC+YlPTkiCb06iauJPSY7pkHTuhZZuWATiL0HBrlzCwn1HEK3WLJMq0x6F9iT0mJTHHZLY6cXsAjD3zkkmndtq0QOzFTKLiEpOBEGkLG79gttFPqMw90Jx5fmNCdVOnRfqDS5yMdq98nYuZpPfTcNOkxHOjfXib+57Uj7Fc7sfDDCMHnk0X9SFIMaFYX7QkFHOUwJYwrkf6V8gFTjGNaalaC/fvkv6RRMW3LtK/2S7XTaR15skW2yS6xySGpkQtySeqEk0fyTF7Jm/FkvBjvxmgSzRnTmU3yA8bnF/+hoEc=</latexit><latexit sha1_base64="i7lQjm7SeYGOAfstxU4AMShZuvE=">AAACIXicbVDLSsNAFJ3UV62vqks3g63gKiRVsQhC1YUuFewDmlom01s7OHkwcyOWkF9x46+4caFId+LPmLRd+DowcDjnXO7c44ZSaLSsDyM3Mzs3v5BfLCwtr6yuFdc3GjqIFIc6D2SgWi7TIIUPdRQooRUqYJ4roenenWV+8x6UFoF/jcMQOh679UVfcIap1C1WHYQHjC+YlPTkiCb06iauJPSY7pkHTuhZZuWATiL0HBrlzCwn1HEK3WLJMq0x6F9iT0mJTHHZLY6cXsAjD3zkkmndtq0QOzFTKLiEpOBEGkLG79gttFPqMw90Jx5fmNCdVOnRfqDS5yMdq98nYuZpPfTcNOkxHOjfXib+57Uj7Fc7sfDDCMHnk0X9SFIMaFYX7QkFHOUwJYwrkf6V8gFTjGNaalaC/fvkv6RRMW3LtK/2S7XTaR15skW2yS6xySGpkQtySeqEk0fyTF7Jm/FkvBjvxmgSzRnTmU3yA8bnF/+hoEc=</latexit><latexit sha1_base64="i7lQjm7SeYGOAfstxU4AMShZuvE=">AAACIXicbVDLSsNAFJ3UV62vqks3g63gKiRVsQhC1YUuFewDmlom01s7OHkwcyOWkF9x46+4caFId+LPmLRd+DowcDjnXO7c44ZSaLSsDyM3Mzs3v5BfLCwtr6yuFdc3GjqIFIc6D2SgWi7TIIUPdRQooRUqYJ4roenenWV+8x6UFoF/jcMQOh679UVfcIap1C1WHYQHjC+YlPTkiCb06iauJPSY7pkHTuhZZuWATiL0HBrlzCwn1HEK3WLJMq0x6F9iT0mJTHHZLY6cXsAjD3zkkmndtq0QOzFTKLiEpOBEGkLG79gttFPqMw90Jx5fmNCdVOnRfqDS5yMdq98nYuZpPfTcNOkxHOjfXib+57Uj7Fc7sfDDCMHnk0X9SFIMaFYX7QkFHOUwJYwrkf6V8gFTjGNaalaC/fvkv6RRMW3LtK/2S7XTaR15skW2yS6xySGpkQtySeqEk0fyTF7Jm/FkvBjvxmgSzRnTmU3yA8bnF/+hoEc=</latexit><latexit sha1_base64="i7lQjm7SeYGOAfstxU4AMShZuvE=">AAACIXicbVDLSsNAFJ3UV62vqks3g63gKiRVsQhC1YUuFewDmlom01s7OHkwcyOWkF9x46+4caFId+LPmLRd+DowcDjnXO7c44ZSaLSsDyM3Mzs3v5BfLCwtr6yuFdc3GjqIFIc6D2SgWi7TIIUPdRQooRUqYJ4roenenWV+8x6UFoF/jcMQOh679UVfcIap1C1WHYQHjC+YlPTkiCb06iauJPSY7pkHTuhZZuWATiL0HBrlzCwn1HEK3WLJMq0x6F9iT0mJTHHZLY6cXsAjD3zkkmndtq0QOzFTKLiEpOBEGkLG79gttFPqMw90Jx5fmNCdVOnRfqDS5yMdq98nYuZpPfTcNOkxHOjfXib+57Uj7Fc7sfDDCMHnk0X9SFIMaFYX7QkFHOUwJYwrkf6V8gFTjGNaalaC/fvkv6RRMW3LtK/2S7XTaR15skW2yS6xySGpkQtySeqEk0fyTF7Jm/FkvBjvxmgSzRnTmU3yA8bnF/+hoEc=</latexit>

Hall C: Q2
= 4.5± 0.5 GeV

2
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  Pr < 300 MeV/c,  FSIs small and NN dominated by OPEP

  Pr > 300 MeV/c, CD-Bonn differs from Paris/AV18 models

  Hall A data agrees with Hall C data well
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ZOOM✓nq = 35± 5o
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� ⇠ |APWIA + iAFSI |2 ⇠ A2
PWIA � 2APWIAAFSI +A2

FSI

where AFSI ⇠ i|AFSI |
<latexit sha1_base64="FLfmvNUbJwSSRMWVY8sR4IODwt8="></latexit><latexit sha1_base64="FLfmvNUbJwSSRMWVY8sR4IODwt8="></latexit><latexit sha1_base64="FLfmvNUbJwSSRMWVY8sR4IODwt8="></latexit><latexit sha1_base64="FLfmvNUbJwSSRMWVY8sR4IODwt8="></latexit>

Approximate cancellation of  
Scattering Amplitudes leads to  
reduction in FSI

 At Pr ~300 - 700 MeV/c,  R ~ 0.5 - 1 —> 35, 45 deg  compared to R ~ 2 - 5 —> 75 deg  (FSIs largely reduced at smaller angles)

 Pr > 700 MeV/c data is NOT described by any model
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SUMMARY
• The experiment measured cross sections for the exclusive D(e,e’p)n reaction at  

Q2 = 4.5 (GeV/c)2  for neutron recoil momentum up to 1.0 GeV/c and    
neutron recoil angles between 35 to 75 deg

• DATA was best described by CD-Bonn potential at smaller recoil angles (35 deg)  
and recoil momenta up to ~700 MeV/c

Overall, given that this was a 6-day commissioning and 
statistically limited experiment, it has very interesting 
results, as no model seems to describe the data above recoil 
momenta of 700 MeV/c . This discrepancy is worth exploring 
further in the full experiment.

• At large angles ~75 deg, FSIs dominate above 300 MeV/c, and there is virtually 
no difference between the models due to large FSIs which overshadow the 
true momentum distributions

The draft Physics Review Letters (PRL) paper is being prepared and expected to be  
sent to the Hall C Collaboration by the end of February 2020

• Above 700 MeV/c, NO calculation describes the data
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NORMALIZATION SYSTEMATIC UNCERTAINTIES on D(e,e’p)n

HMS  Tracking  
Efficiency (%) 0.40

sHMS  Tracking  
Efficiency (%) 0.59

Target Boiling (%) 0.39

Total Live 
Time (%) 3.0

Total 
Charge (%) 2.0

Overall 
Normalization  

(%)
3.7

Overall normalization uncertainty  
is the quadrature sum of the 
individual normalization uncertainties
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SPECTROMETER SYSTEMATIC UNCERTAINTIES on D(e,e’p)n

0.1659

0.2369

9.132E-04

7.498E-04

6.5%

Kinematic uncertainties are due to our limited knowledge of the beam, spectrometer momenta and angles 
Each of these uncertainties affects our knowledge of the cross section, since the cross section depends 
on these kinematics  
 
The kinematic uncertainties are point-to-point which means they vary depending for each data point, as each 
Corresponds to a different missing momentum kinematic.
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<latexit sha1_base64="CEDlBLPKXnfPUFsp8Pe5dZ4sLMc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAtKGFMvUX5g152GMwVdJu6c1MkcrcD+6kUZLxJIkUumtec6OfolUyi4hHGtV2jIGR+yPniGpiwB7ZfT88f01CgRjTNlKkU6VX9PlCzRepSEpjNhONCL3kT8z/MKjK/8UqR5gZDy2aK4kBQzOsmCRkIBRzkyhHElzK2UD5hiHE1iNROCu/jyMumcN1yn4d5d1JvX8ziq5JickDPikkvSJLekRdqEk5I8k1fyZj1ZL9a79TFrrVjzmUPyB9bnD3KWlcg=</latexit><latexit sha1_base64="CEDlBLPKXnfPUFsp8Pe5dZ4sLMc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAtKGFMvUX5g152GMwVdJu6c1MkcrcD+6kUZLxJIkUumtec6OfolUyi4hHGtV2jIGR+yPniGpiwB7ZfT88f01CgRjTNlKkU6VX9PlCzRepSEpjNhONCL3kT8z/MKjK/8UqR5gZDy2aK4kBQzOsmCRkIBRzkyhHElzK2UD5hiHE1iNROCu/jyMumcN1yn4d5d1JvX8ziq5JickDPikkvSJLekRdqEk5I8k1fyZj1ZL9a79TFrrVjzmUPyB9bnD3KWlcg=</latexit><latexit sha1_base64="CEDlBLPKXnfPUFsp8Pe5dZ4sLMc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAtKGFMvUX5g152GMwVdJu6c1MkcrcD+6kUZLxJIkUumtec6OfolUyi4hHGtV2jIGR+yPniGpiwB7ZfT88f01CgRjTNlKkU6VX9PlCzRepSEpjNhONCL3kT8z/MKjK/8UqR5gZDy2aK4kBQzOsmCRkIBRzkyhHElzK2UD5hiHE1iNROCu/jyMumcN1yn4d5d1JvX8ziq5JickDPikkvSJLekRdqEk5I8k1fyZj1ZL9a79TFrrVjzmUPyB9bnD3KWlcg=</latexit><latexit sha1_base64="CEDlBLPKXnfPUFsp8Pe5dZ4sLMc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAtKGFMvUX5g152GMwVdJu6c1MkcrcD+6kUZLxJIkUumtec6OfolUyi4hHGtV2jIGR+yPniGpiwB7ZfT88f01CgRjTNlKkU6VX9PlCzRepSEpjNhONCL3kT8z/MKjK/8UqR5gZDy2aK4kBQzOsmCRkIBRzkyhHElzK2UD5hiHE1iNROCu/jyMumcN1yn4d5d1JvX8ziq5JickDPikkvSJLekRdqEk5I8k1fyZj1ZL9a79TFrrVjzmUPyB9bnD3KWlcg=</latexit>

�✓p[mr]
<latexit sha1_base64="0rdrM+N7f5fgqs1HWdG6n8QczQE=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAvKfEy9RPmBXXcazhR0mbhzUidztAL7qxdlvEggRS6Z1p7r5OiXTKHgEsa1XqEhZ3zI+uAZmrIEtF9Ozx/TU6NENM6UqRTpVP09UbJE61ESms6E4UAvehPxP88rML7yS5HmBULKZ4viQlLM6CQLGgkFHOXIEMaVMLdSPmCKcTSJ1UwI7uLLy6Rz3nCdhnt3UW9ez+OokmNyQs6ISy5Jk9ySFmkTTkryTF7Jm/VkvVjv1sestWLNZw7JH1ifP4OEldM=</latexit><latexit sha1_base64="0rdrM+N7f5fgqs1HWdG6n8QczQE=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAvKfEy9RPmBXXcazhR0mbhzUidztAL7qxdlvEggRS6Z1p7r5OiXTKHgEsa1XqEhZ3zI+uAZmrIEtF9Ozx/TU6NENM6UqRTpVP09UbJE61ESms6E4UAvehPxP88rML7yS5HmBULKZ4viQlLM6CQLGgkFHOXIEMaVMLdSPmCKcTSJ1UwI7uLLy6Rz3nCdhnt3UW9ez+OokmNyQs6ISy5Jk9ySFmkTTkryTF7Jm/VkvVjv1sestWLNZw7JH1ifP4OEldM=</latexit><latexit sha1_base64="0rdrM+N7f5fgqs1HWdG6n8QczQE=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAvKfEy9RPmBXXcazhR0mbhzUidztAL7qxdlvEggRS6Z1p7r5OiXTKHgEsa1XqEhZ3zI+uAZmrIEtF9Ozx/TU6NENM6UqRTpVP09UbJE61ESms6E4UAvehPxP88rML7yS5HmBULKZ4viQlLM6CQLGgkFHOXIEMaVMLdSPmCKcTSJ1UwI7uLLy6Rz3nCdhnt3UW9ez+OokmNyQs6ISy5Jk9ySFmkTTkryTF7Jm/VkvVjv1sestWLNZw7JH1ifP4OEldM=</latexit><latexit sha1_base64="0rdrM+N7f5fgqs1HWdG6n8QczQE=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAvKfEy9RPmBXXcazhR0mbhzUidztAL7qxdlvEggRS6Z1p7r5OiXTKHgEsa1XqEhZ3zI+uAZmrIEtF9Ozx/TU6NENM6UqRTpVP09UbJE61ESms6E4UAvehPxP88rML7yS5HmBULKZ4viQlLM6CQLGgkFHOXIEMaVMLdSPmCKcTSJ1UwI7uLLy6Rz3nCdhnt3UW9ez+OokmNyQs6ISy5Jk9ySFmkTTkryTF7Jm/VkvVjv1sestWLNZw7JH1ifP4OEldM=</latexit>

�Ef/Ef
<latexit sha1_base64="aWf2EWmxOUlwcV4bGDLzk5F4ikk=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4qokIuiyK4LKCfUAbwmQ6aYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3Mz87iOVisXiQU8T6kV4JFjICNZG8u3aYEi5xujWz8L8rOi+XXcaTgG0TNyS1KFEy7e/BsOYpBEVmnCsVN91Eu1lWGpGOM2rg1TRBJMJHtG+oQJHVHlZcXuOTowyRGEsTQmNCvX3RoYjpaZRYCYjrMdq0ZuJ/3n9VIdXXsZEkmoqyPyhMOVIx2gWBBoySYnmU0MwkczcisgYS0y0iatqQnAXv7xMOucN12m49xf15nUZRwWO4BhOwYVLaMIdtKANBJ7gGV7hzcqtF+vd+piPrljlziH8gfX5A4XWlBg=</latexit><latexit sha1_base64="aWf2EWmxOUlwcV4bGDLzk5F4ikk=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4qokIuiyK4LKCfUAbwmQ6aYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3Mz87iOVisXiQU8T6kV4JFjICNZG8u3aYEi5xujWz8L8rOi+XXcaTgG0TNyS1KFEy7e/BsOYpBEVmnCsVN91Eu1lWGpGOM2rg1TRBJMJHtG+oQJHVHlZcXuOTowyRGEsTQmNCvX3RoYjpaZRYCYjrMdq0ZuJ/3n9VIdXXsZEkmoqyPyhMOVIx2gWBBoySYnmU0MwkczcisgYS0y0iatqQnAXv7xMOucN12m49xf15nUZRwWO4BhOwYVLaMIdtKANBJ7gGV7hzcqtF+vd+piPrljlziH8gfX5A4XWlBg=</latexit><latexit sha1_base64="aWf2EWmxOUlwcV4bGDLzk5F4ikk=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4qokIuiyK4LKCfUAbwmQ6aYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3Mz87iOVisXiQU8T6kV4JFjICNZG8u3aYEi5xujWz8L8rOi+XXcaTgG0TNyS1KFEy7e/BsOYpBEVmnCsVN91Eu1lWGpGOM2rg1TRBJMJHtG+oQJHVHlZcXuOTowyRGEsTQmNCvX3RoYjpaZRYCYjrMdq0ZuJ/3n9VIdXXsZEkmoqyPyhMOVIx2gWBBoySYnmU0MwkczcisgYS0y0iatqQnAXv7xMOucN12m49xf15nUZRwWO4BhOwYVLaMIdtKANBJ7gGV7hzcqtF+vd+piPrljlziH8gfX5A4XWlBg=</latexit><latexit sha1_base64="aWf2EWmxOUlwcV4bGDLzk5F4ikk=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4qokIuiyK4LKCfUAbwmQ6aYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3Mz87iOVisXiQU8T6kV4JFjICNZG8u3aYEi5xujWz8L8rOi+XXcaTgG0TNyS1KFEy7e/BsOYpBEVmnCsVN91Eu1lWGpGOM2rg1TRBJMJHtG+oQJHVHlZcXuOTowyRGEsTQmNCvX3RoYjpaZRYCYjrMdq0ZuJ/3n9VIdXXsZEkmoqyPyhMOVIx2gWBBoySYnmU0MwkczcisgYS0y0iatqQnAXv7xMOucN12m49xf15nUZRwWO4BhOwYVLaMIdtKANBJ7gGV7hzcqtF+vd+piPrljlziH8gfX5A4XWlBg=</latexit>

�Eb/Eb
<latexit sha1_base64="lQ+2YzwsRb6x4R9Tue/6H86Pjf0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1UQEXRZFcFnBPqANYTK5bYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WByM/O7jyAVi8WDnibgRWQk2JBRoo3k27VBCFwTfOtnQX5WdN+uOw2nAF4mbknqqETLt78GYUzTCISmnCjVd51EexmRmlEOeXWQKkgInZAR9A0VJALlZcXtOT4xSoiHsTQlNC7U3xsZiZSaRoGZjIgeq0VvJv7n9VM9vPIyJpJUg6Dzh4YpxzrGsyBwyCRQzaeGECqZuRXTMZGEahNX1YTgLn55mXTOG67TcO8v6s3rMo4KOkLH6BS56BI10R1qoTai6Ak9o1f0ZuXWi/VufcxHV6xy5xD9gfX5A3mWlBA=</latexit><latexit sha1_base64="lQ+2YzwsRb6x4R9Tue/6H86Pjf0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1UQEXRZFcFnBPqANYTK5bYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WByM/O7jyAVi8WDnibgRWQk2JBRoo3k27VBCFwTfOtnQX5WdN+uOw2nAF4mbknqqETLt78GYUzTCISmnCjVd51EexmRmlEOeXWQKkgInZAR9A0VJALlZcXtOT4xSoiHsTQlNC7U3xsZiZSaRoGZjIgeq0VvJv7n9VM9vPIyJpJUg6Dzh4YpxzrGsyBwyCRQzaeGECqZuRXTMZGEahNX1YTgLn55mXTOG67TcO8v6s3rMo4KOkLH6BS56BI10R1qoTai6Ak9o1f0ZuXWi/VufcxHV6xy5xD9gfX5A3mWlBA=</latexit><latexit sha1_base64="lQ+2YzwsRb6x4R9Tue/6H86Pjf0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1UQEXRZFcFnBPqANYTK5bYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WByM/O7jyAVi8WDnibgRWQk2JBRoo3k27VBCFwTfOtnQX5WdN+uOw2nAF4mbknqqETLt78GYUzTCISmnCjVd51EexmRmlEOeXWQKkgInZAR9A0VJALlZcXtOT4xSoiHsTQlNC7U3xsZiZSaRoGZjIgeq0VvJv7n9VM9vPIyJpJUg6Dzh4YpxzrGsyBwyCRQzaeGECqZuRXTMZGEahNX1YTgLn55mXTOG67TcO8v6s3rMo4KOkLH6BS56BI10R1qoTai6Ak9o1f0ZuXWi/VufcxHV6xy5xD9gfX5A3mWlBA=</latexit><latexit sha1_base64="lQ+2YzwsRb6x4R9Tue/6H86Pjf0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1UQEXRZFcFnBPqANYTK5bYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WByM/O7jyAVi8WDnibgRWQk2JBRoo3k27VBCFwTfOtnQX5WdN+uOw2nAF4mbknqqETLt78GYUzTCISmnCjVd51EexmRmlEOeXWQKkgInZAR9A0VJALlZcXtOT4xSoiHsTQlNC7U3xsZiZSaRoGZjIgeq0VvJv7n9VM9vPIyJpJUg6Dzh4YpxzrGsyBwyCRQzaeGECqZuRXTMZGEahNX1YTgLn55mXTOG67TcO8v6s3rMo4KOkLH6BS56BI10R1qoTai6Ak9o1f0ZuXWi/VufcxHV6xy5xD9gfX5A3mWlBA=</latexit>

d�exp
<latexit sha1_base64="gcQYtytv8/quIyKzDhP37bYUal0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDababt0N4m7m2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8Hodua3xqg0j6MHM0nQl3QQ8T5n1FjJD7uaDyTtZfiUTHvlilt15yCrxMtJBXLUe+WvbhizVGJkmKBadzw3MX5GleFM4LTUTTUmlI3oADuWRlSi9rP50VNyZpWQ9GNlKzJkrv6eyKjUeiID2ympGeplbyb+53VS07/2Mx4lqcGILRb1U0FMTGYJkJArZEZMLKFMcXsrYUOqKDM2p5INwVt+eZU0L6qeW/XuLyu1mzyOIpzAKZyDB1dQgzuoQwMYPMIzvMKbM3ZenHfnY9FacPKZY/gD5/MHURmScQ==</latexit><latexit sha1_base64="gcQYtytv8/quIyKzDhP37bYUal0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDababt0N4m7m2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8Hodua3xqg0j6MHM0nQl3QQ8T5n1FjJD7uaDyTtZfiUTHvlilt15yCrxMtJBXLUe+WvbhizVGJkmKBadzw3MX5GleFM4LTUTTUmlI3oADuWRlSi9rP50VNyZpWQ9GNlKzJkrv6eyKjUeiID2ympGeplbyb+53VS07/2Mx4lqcGILRb1U0FMTGYJkJArZEZMLKFMcXsrYUOqKDM2p5INwVt+eZU0L6qeW/XuLyu1mzyOIpzAKZyDB1dQgzuoQwMYPMIzvMKbM3ZenHfnY9FacPKZY/gD5/MHURmScQ==</latexit><latexit sha1_base64="gcQYtytv8/quIyKzDhP37bYUal0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDababt0N4m7m2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8Hodua3xqg0j6MHM0nQl3QQ8T5n1FjJD7uaDyTtZfiUTHvlilt15yCrxMtJBXLUe+WvbhizVGJkmKBadzw3MX5GleFM4LTUTTUmlI3oADuWRlSi9rP50VNyZpWQ9GNlKzJkrv6eyKjUeiID2ympGeplbyb+53VS07/2Mx4lqcGILRb1U0FMTGYJkJArZEZMLKFMcXsrYUOqKDM2p5INwVt+eZU0L6qeW/XuLyu1mzyOIpzAKZyDB1dQgzuoQwMYPMIzvMKbM3ZenHfnY9FacPKZY/gD5/MHURmScQ==</latexit><latexit sha1_base64="gcQYtytv8/quIyKzDhP37bYUal0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDababt0N4m7m2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8Hodua3xqg0j6MHM0nQl3QQ8T5n1FjJD7uaDyTtZfiUTHvlilt15yCrxMtJBXLUe+WvbhizVGJkmKBadzw3MX5GleFM4LTUTTUmlI3oADuWRlSi9rP50VNyZpWQ9GNlKzJkrv6eyKjUeiID2ympGeplbyb+53VS07/2Mx4lqcGILRb1U0FMTGYJkJArZEZMLKFMcXsrYUOqKDM2p5INwVt+eZU0L6qeW/XuLyu1mzyOIpzAKZyDB1dQgzuoQwMYPMIzvMKbM3ZenHfnY9FacPKZY/gD5/MHURmScQ==</latexit>
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Covariance Errors
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SHMS Optics Optimization for 
D(e,e’p)n

** The SHMS optics optimization work done 
for the D(e,e’p)n experiment can be found  

at Hall C Document Database

HALLC DOC-DB LINK

Optics Optimization for the D(e,e’p)n Experiment (E12-10-003)

Carlos Yero

July 29, 2019

1 Introduction

The commissioning of the HMS/SHMS optics took place on the 2017-18 run period and underwent multiple revisions
of the reconstruction matrix elements for both spectrometers during that period.[3, 4] This document presents the optics
optimization checks and procedures done on the High Momentum Spectrometer (HMS) and superHMS (SHMS) for the
Deuteron Electro-Disintegration Commissioning Experiment (E12-10-003) on April 2018. At the time, this experiment
also served as part of the general optics commissioning as during data-taking, it was found that the SHMS Q3 magnet
had an un-ncecessary correction in the matrix elements. As a result, the data for this experiment is divided into two
sections. Only the section after the fix in the SHMS optics was used in the optimization procedure.

The problem of optics optimization can be approached in di�erent ways, depending on the circumstances of the
experiment. In this particular experiment, a series of H(e,e’p) elastic runs were taken at di�erent configurations such
as to cover the entire HMS momentum range in the D(e,e’p)n reaction kinematics. The original and corrected H(e,e’p)
kinematics are summarized below.

Run
HMS

Angle [deg]
HMS

Momentum [GeV]
SHMS

Angle [deg]
SHMS

Momentum [GeV]
3288 37.338 2.938 12.194 8.7
3371 33.545 3.48 13.93 8.7
3374 42.9 2.31 9.928 8.7
3377 47.605 1.8899 8.495 8.7

Table 1: Original H(e,e’p) Elastic Kinematics in E12-10-003.

Run
HMS

Angle [deg]
HMS

Momentum [GeV]
SHMS

Angle [deg]
SHMS

Momentum [GeV]
3288 37.338 2.9355 12.194 8.5342
3371 33.545 3.4758 13.93 8.5342
3374 42.9 2.3103 9.928 8.5342
3377 47.605 1.8912 8.495 8.5342

Table 2: Corrected H(e,e’p) Elastic Kinematics in E12-10-003.

Spec �✓[rad] ��[rad] X 0
tar-o�set[rad] Y 0

tar-o�set[rad]
HMS 0.0 1.521 ⇥ 10�3 2.852 ⇥ 10�3 9.5 ⇥ 10�4

SHMS 0.0 0.0 0.0 0.0

Table 3: Spectrometer O�sets determined from H(e,e’p) Elastic Run 3288 in E12-10-003. See Section 4 of this document for more information.

Since this is a coincidence experiment, the spectrometers are highly correlated which makes the optics optimization
more complicated, as changes in one spectrometer can a�ect the other. Based on the kinematics, it was determined to
focus on the HMS first, as the momentum is well below the Dipole saturation (⇠5 GeV), and the optics are much better
understood from the 6 GeV era.

1

https://hallcweb.jlab.org/DocDB/0010/001033/001/d2_optim.pdf
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Spectrometer Acceptance  
DATA/SIMULATION

(used H(e,e’p) Elastics data taken on D(e,e’p)n Experiment

DATA 
SIMC

** SHMS Reconstructed Variables 
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** HMS Reconstructed Variables 

DATA 
SIMC
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** Reaction 
    Vertex  
    Reconstruction

DATA 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27

15− 10− 5− 0 5 10

0

10

20

30

40

50

fpSHMS X
H_exfp

Entries  28459
Mean  1.541− 
Std Dev     2.152
Integral    1057

H_exfp
Entries  123792
Mean  1.411− 
Std Dev      2.14
Integral    1043

Data
SIMC

fpSHMS X

10− 8− 6− 4− 2− 0 2 4 6 8 10

0

10

20

30

40

50

60

fpSHMS Y
H_eyfp

Entries  28459
Mean  0.1958− 
Std Dev     1.806
Integral    1057

H_eyfp
Entries  123792
Mean   0.01127
Std Dev     2.143
Integral    1043

Data
SIMC

fpSHMS Y

0.04− 0.03− 0.02− 0.01− 0 0.01 0.02 0.03 0.04

0

5

10

15

20

25

30

fpSHMS X'
H_expfp

Entries  28459
Mean  0.002654− 
Std Dev    0.009741
Integral    1057

H_expfp
Entries  123792
Mean  0.002844− 
Std Dev    0.01134
Integral    1043

Data
SIMC

fpSHMS X'

0.03− 0.02− 0.01− 0 0.01 0.02 0.03

0

5

10

15

20

25

30

35

40

fpSHMS Y'
H_eypfp

Entries  28459
Mean   0.0008787
Std Dev    0.006284
Integral    1057

H_eypfp
Entries  123792
Mean   0.001246
Std Dev    0.006359
Integral    1043

Data
SIMC

fpSHMS Y'

** SHMS Focal Plane Variables 

DATA 
SIMC
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** HMS Focal Plane Variables 

DATA 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DATA ANALYSIS  
CUTS 

(shown only for 80 MeV setting but are  
also applied to high missing momentum data)

EXACT CUTS ARE ALSO APPLIED TO SIMULATION  
(except for PID cuts)
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** Select true D(e,e’p)n events

**select true coincidences and not 
accidentals from another beam bunch
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** Select acceptance region  
where Optics Reconstruction 

is reliable
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** select true  
electron-proton coincidences
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**Select events that  
passed through collimator and did 
Not hit the edges of collimator

** Kinematics cut to select only 
events with high momentum transfer 

(as it says on the proposal)
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Reference Time Cuts 
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TDC Time Window Cuts
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Std Dev     2.757

SHMS Hodo 1x5+ AdcTdcTimeDiff

40− 20− 0 20 40 60

1
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410

SHMS Hodo 1x6+ AdcTdcTimeDiff
pHod1x6+_timeDiff

Entries  52210

Mean  17.32− 

Std Dev     3.172

pHod1x6+_timeDiff_CUT

Entries  49814

Mean  17.32− 

Std Dev     3.161

SHMS Hodo 1x6+ AdcTdcTimeDiff

40− 20− 0 20 40 60

1
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210

310

410

510

SHMS Hodo 1x7+ AdcTdcTimeDiff
pHod1x7+_timeDiff

Entries  164266

Mean  17.54− 

Std Dev     2.679

pHod1x7+_timeDiff_CUT

Entries  157183

Mean  17.53− 

Std Dev     2.663

SHMS Hodo 1x7+ AdcTdcTimeDiff

40− 20− 0 20 40 60

1
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210

310

410

SHMS Hodo 1x8+ AdcTdcTimeDiff
pHod1x8+_timeDiff

Entries  45154

Mean  16.51− 

Std Dev     2.324

pHod1x8+_timeDiff_CUT

Entries  43208

Mean  16.51− 

Std Dev     2.276

SHMS Hodo 1x8+ AdcTdcTimeDiff

40− 20− 0 20 40 60

1

10

210

310

SHMS Hodo 1x9+ AdcTdcTimeDiff
pHod1x9+_timeDiff

Entries  8279

Mean  17.34− 

Std Dev     4.106

pHod1x9+_timeDiff_CUT

Entries  7893

Mean  17.33− 

Std Dev     4.182

SHMS Hodo 1x9+ AdcTdcTimeDiff

40− 20− 0 20 40 60

1

10

210

310

SHMS Hodo 1x10+ AdcTdcTimeDiff

pHod1x10+_timeDiff

Entries  7182

Mean  17.27− 

Std Dev     4.038

pHod1x10+_timeDiff_CUT

Entries  6882

Mean  17.28− 

Std Dev     3.969

SHMS Hodo 1x10+ AdcTdcTimeDiff

40− 20− 0 20 40 60

1

10

210

310

SHMS Hodo 1x11+ AdcTdcTimeDiff

pHod1x11+_timeDiff

Entries  6887

Mean  16.39− 

Std Dev     3.972

pHod1x11+_timeDiff_CUT

Entries  6544

Mean  16.4−  

Std Dev     3.828

SHMS Hodo 1x11+ AdcTdcTimeDiff

40− 20− 0 20 40 60

1

10

210

310

SHMS Hodo 1x12+ AdcTdcTimeDiff

pHod1x12+_timeDiff

Entries  6794

Mean  16.95− 

Std Dev     4.268

pHod1x12+_timeDiff_CUT

Entries  6407

Mean  16.92− 

Std Dev     4.241

SHMS Hodo 1x12+ AdcTdcTimeDiff

40− 20− 0 20 40 60

1

10

210

310

SHMS Hodo 1x13+ AdcTdcTimeDiff

pHod1x13+_timeDiff

Entries  4052

Mean  17.24− 

Std Dev     2.308

pHod1x13+_timeDiff_CUT

Entries  3843

Mean  17.21− 

Std Dev     2.124

SHMS Hodo 1x13+ AdcTdcTimeDiff

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−

10

210

310

410

SHMS DC Plane 1u1 Raw TDC
pDC1u1_rawTDC

Entries  906703

Mean  1.118e+04− 

Std Dev      2067

pDC1u1_rawTDC_CUT

Entries  92751

Mean  1.216e+04− 

Std Dev     553.6

SHMS DC Plane 1u1 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−

10
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410

SHMS DC Plane 1u2 Raw TDC
pDC1u2_rawTDC

Entries  898730

Mean  1.117e+04− 

Std Dev      2072

pDC1u2_rawTDC_CUT

Entries  94171

Mean  1.215e+04− 

Std Dev     546.1

SHMS DC Plane 1u2 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−

10

210

310

410

SHMS DC Plane 1x1 Raw TDC
pDC1x1_rawTDC

Entries  874785

Mean  1.116e+04− 

Std Dev      2095

pDC1x1_rawTDC_CUT

Entries  96522

Mean  1.217e+04− 

Std Dev     553.8

SHMS DC Plane 1x1 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−

10

210

310

410

SHMS DC Plane 1x2 Raw TDC
pDC1x2_rawTDC

Entries  877760

Mean  1.118e+04− 

Std Dev      2100

pDC1x2_rawTDC_CUT

Entries  96292

Mean  1.221e+04− 

Std Dev     545.3

SHMS DC Plane 1x2 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−

1

10

210
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410

SHMS DC Plane 1v1 Raw TDC
pDC1v1_rawTDC

Entries  885504

Mean  1.117e+04− 

Std Dev      2044

pDC1v1_rawTDC_CUT

Entries  94130

Mean  1.211e+04− 

Std Dev     546.4

SHMS DC Plane 1v1 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−
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410

SHMS DC Plane 1v2 Raw TDC
pDC1v2_rawTDC

Entries  890626

Mean  1.122e+04− 

Std Dev      2055

pDC1v2_rawTDC_CUT

Entries  93834

Mean  1.219e+04− 

Std Dev     555.4

SHMS DC Plane 1v2 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−

1

10
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310

410

SHMS DC Plane 2v2 Raw TDC
pDC2v2_rawTDC

Entries  724421

Mean  1.133e+04− 

Std Dev      1894

pDC2v2_rawTDC_CUT

Entries  127286

Mean  1.211e+04− 

Std Dev     499.4

SHMS DC Plane 2v2 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−

10
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410

SHMS DC Plane 2v1 Raw TDC
pDC2v1_rawTDC

Entries  710511

Mean  1.133e+04− 

Std Dev      1891

pDC2v1_rawTDC_CUT

Entries  128444

Mean  1.21e+04− 

Std Dev     513.4

SHMS DC Plane 2v1 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−

10
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410

SHMS DC Plane 2x2 Raw TDC
pDC2x2_rawTDC

Entries  705705

Mean  1.132e+04− 

Std Dev      1939

pDC2x2_rawTDC_CUT

Entries  131349

Mean  1.216e+04− 

Std Dev       505

SHMS DC Plane 2x2 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−

10
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410

SHMS DC Plane 2x1 Raw TDC
pDC2x1_rawTDC

Entries  707433

Mean  1.134e+04− 

Std Dev      1948

pDC2x1_rawTDC_CUT

Entries  130990

Mean  1.219e+04− 

Std Dev     507.6

SHMS DC Plane 2x1 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−
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410

SHMS DC Plane 2u2 Raw TDC
pDC2u2_rawTDC

Entries  723652

Mean  1.137e+04− 

Std Dev      1911

pDC2u2_rawTDC_CUT

Entries  127511

Mean  1.218e+04− 

Std Dev     517.6

SHMS DC Plane 2u2 Raw TDC

15000− 14000− 13000− 12000− 11000− 10000− 9000− 8000− 7000− 6000− 5000−

10
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410

SHMS DC Plane 2u1 Raw TDC
pDC2u1_rawTDC

Entries  730424

Mean  1.133e+04− 

Std Dev      1892

pDC2u1_rawTDC_CUT

Entries  126757

Mean  1.211e+04− 

Std Dev     509.3

SHMS DC Plane 2u1 Raw TDC

 A time window cut MUST be made around the main signal peak 
  to reduce background from possible out-of-time events.   (Specially on the DCs)

SHMS  
Hodoscope 1X+  
(ADC-TDC) Time  

Difference

SHMS  
Drift Chambers 
Raw TDC Time

Multiplicity==1No Mult. CutLegend: 
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Detector Calibrations

� ⇠ 1(e�)
<latexit sha1_base64="OYgPzRtegHy0o/6YlHBVWwWrgvk=">AAAB/HicbVBNS8NAEN34WetXtEcvi0WoB0sigh6LXjxWsB/QxLLZTtqlu0nY3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnkkKLxjyW3YAo4CyClmaaQzeRQETAoROMb6Z+5xGkYnF0r7MEfEGGEQsZJdpIfbviBaAJ9hQT2K3BQ342Oe3bVafuzICXiVuQKirQ7Ntf3iCmqYBIU06U6rlOov2cSM0oh0nZSxUkhI7JEHqGRkSA8vPZ8RN8YpQBDmNpKtJ4pv6eyIlQKhOB6RREj9SiNxX/83qpDq/8nEVJqiGi80VhyrGO8TQJPGASqOaZIYRKZm7FdEQkodrkVTYhuIsvL5P2ed116u7dRbVxXcRRQkfoGNWQiy5RA92iJmohijL0jF7Rm/VkvVjv1se8dcUqZiroD6zPHwFXk7A=</latexit><latexit sha1_base64="OYgPzRtegHy0o/6YlHBVWwWrgvk=">AAAB/HicbVBNS8NAEN34WetXtEcvi0WoB0sigh6LXjxWsB/QxLLZTtqlu0nY3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnkkKLxjyW3YAo4CyClmaaQzeRQETAoROMb6Z+5xGkYnF0r7MEfEGGEQsZJdpIfbviBaAJ9hQT2K3BQ342Oe3bVafuzICXiVuQKirQ7Ntf3iCmqYBIU06U6rlOov2cSM0oh0nZSxUkhI7JEHqGRkSA8vPZ8RN8YpQBDmNpKtJ4pv6eyIlQKhOB6RREj9SiNxX/83qpDq/8nEVJqiGi80VhyrGO8TQJPGASqOaZIYRKZm7FdEQkodrkVTYhuIsvL5P2ed116u7dRbVxXcRRQkfoGNWQiy5RA92iJmohijL0jF7Rm/VkvVjv1se8dcUqZiroD6zPHwFXk7A=</latexit><latexit sha1_base64="OYgPzRtegHy0o/6YlHBVWwWrgvk=">AAAB/HicbVBNS8NAEN34WetXtEcvi0WoB0sigh6LXjxWsB/QxLLZTtqlu0nY3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnkkKLxjyW3YAo4CyClmaaQzeRQETAoROMb6Z+5xGkYnF0r7MEfEGGEQsZJdpIfbviBaAJ9hQT2K3BQ342Oe3bVafuzICXiVuQKirQ7Ntf3iCmqYBIU06U6rlOov2cSM0oh0nZSxUkhI7JEHqGRkSA8vPZ8RN8YpQBDmNpKtJ4pv6eyIlQKhOB6RREj9SiNxX/83qpDq/8nEVJqiGi80VhyrGO8TQJPGASqOaZIYRKZm7FdEQkodrkVTYhuIsvL5P2ed116u7dRbVxXcRRQkfoGNWQiy5RA92iJmohijL0jF7Rm/VkvVjv1se8dcUqZiroD6zPHwFXk7A=</latexit><latexit sha1_base64="OYgPzRtegHy0o/6YlHBVWwWrgvk=">AAAB/HicbVBNS8NAEN34WetXtEcvi0WoB0sigh6LXjxWsB/QxLLZTtqlu0nY3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnkkKLxjyW3YAo4CyClmaaQzeRQETAoROMb6Z+5xGkYnF0r7MEfEGGEQsZJdpIfbviBaAJ9hQT2K3BQ342Oe3bVafuzICXiVuQKirQ7Ntf3iCmqYBIU06U6rlOov2cSM0oh0nZSxUkhI7JEHqGRkSA8vPZ8RN8YpQBDmNpKtJ4pv6eyIlQKhOB6RREj9SiNxX/83qpDq/8nEVJqiGi80VhyrGO8TQJPGASqOaZIYRKZm7FdEQkodrkVTYhuIsvL5P2ed116u7dRbVxXcRRQkfoGNWQiy5RA92iJmohijL0jF7Rm/VkvVjv1se8dcUqZiroD6zPHwFXk7A=</latexit>

� ⇠ 0.94

(protons)
<latexit sha1_base64="YdKVRWNCPkNWu8G5KHKKKmdNY4k=">AAACDHicbVDLSgMxFM3Ud31VXboJFkE3ZUYK6q7oxqWCfUBnkEx6q6GZZEjuiGXoB7jxV9y4UMStH+DOvzFtZ+HrQOBwzrnc3BOnUlj0/U+vNDM7N7+wuFReXlldW69sbLaszgyHJtdSm07MLEihoIkCJXRSAyyJJbTjwenYb9+CsUKrSxymECXsWom+4AyddFWphjEgo6EVCfVrx3UahnQvRLjDPDUatbKjfZfya/4E9C8JClIlBc6vKh9hT/MsAYVcMmu7gZ9ilDODgksYlcPMQsr4gF1D11HFErBRPjlmRHed0qN9bdxTSCfq94mcJdYOk9glE4Y39rc3Fv/zuhn2j6JcqDRDUHy6qJ9JipqOm6E9YYCjHDrCuBHur5TfMMM4uv7KroTg98l/SeugFvi14KJebZwUdSySbbJD9khADkmDnJFz0iSc3JNH8kxevAfvyXv13qbRklfMbJEf8N6/ALhpmig=</latexit><latexit sha1_base64="YdKVRWNCPkNWu8G5KHKKKmdNY4k=">AAACDHicbVDLSgMxFM3Ud31VXboJFkE3ZUYK6q7oxqWCfUBnkEx6q6GZZEjuiGXoB7jxV9y4UMStH+DOvzFtZ+HrQOBwzrnc3BOnUlj0/U+vNDM7N7+wuFReXlldW69sbLaszgyHJtdSm07MLEihoIkCJXRSAyyJJbTjwenYb9+CsUKrSxymECXsWom+4AyddFWphjEgo6EVCfVrx3UahnQvRLjDPDUatbKjfZfya/4E9C8JClIlBc6vKh9hT/MsAYVcMmu7gZ9ilDODgksYlcPMQsr4gF1D11HFErBRPjlmRHed0qN9bdxTSCfq94mcJdYOk9glE4Y39rc3Fv/zuhn2j6JcqDRDUHy6qJ9JipqOm6E9YYCjHDrCuBHur5TfMMM4uv7KroTg98l/SeugFvi14KJebZwUdSySbbJD9khADkmDnJFz0iSc3JNH8kxevAfvyXv13qbRklfMbJEf8N6/ALhpmig=</latexit><latexit sha1_base64="YdKVRWNCPkNWu8G5KHKKKmdNY4k=">AAACDHicbVDLSgMxFM3Ud31VXboJFkE3ZUYK6q7oxqWCfUBnkEx6q6GZZEjuiGXoB7jxV9y4UMStH+DOvzFtZ+HrQOBwzrnc3BOnUlj0/U+vNDM7N7+wuFReXlldW69sbLaszgyHJtdSm07MLEihoIkCJXRSAyyJJbTjwenYb9+CsUKrSxymECXsWom+4AyddFWphjEgo6EVCfVrx3UahnQvRLjDPDUatbKjfZfya/4E9C8JClIlBc6vKh9hT/MsAYVcMmu7gZ9ilDODgksYlcPMQsr4gF1D11HFErBRPjlmRHed0qN9bdxTSCfq94mcJdYOk9glE4Y39rc3Fv/zuhn2j6JcqDRDUHy6qJ9JipqOm6E9YYCjHDrCuBHur5TfMMM4uv7KroTg98l/SeugFvi14KJebZwUdSySbbJD9khADkmDnJFz0iSc3JNH8kxevAfvyXv13qbRklfMbJEf8N6/ALhpmig=</latexit><latexit sha1_base64="YdKVRWNCPkNWu8G5KHKKKmdNY4k=">AAACDHicbVDLSgMxFM3Ud31VXboJFkE3ZUYK6q7oxqWCfUBnkEx6q6GZZEjuiGXoB7jxV9y4UMStH+DOvzFtZ+HrQOBwzrnc3BOnUlj0/U+vNDM7N7+wuFReXlldW69sbLaszgyHJtdSm07MLEihoIkCJXRSAyyJJbTjwenYb9+CsUKrSxymECXsWom+4AyddFWphjEgo6EVCfVrx3UahnQvRLjDPDUatbKjfZfya/4E9C8JClIlBc6vKh9hT/MsAYVcMmu7gZ9ilDODgksYlcPMQsr4gF1D11HFErBRPjlmRHed0qN9bdxTSCfq94mcJdYOk9glE4Y39rc3Fv/zuhn2j6JcqDRDUHy6qJ9JipqOm6E9YYCjHDrCuBHur5TfMMM4uv7KroTg98l/SeugFvi14KJebZwUdSySbbJD9khADkmDnJFz0iSc3JNH8kxevAfvyXv13qbRklfMbJEf8N6/ALhpmig=</latexit>

HMS DC 
Residuals: ~350 um

SHMS DC 
Residuals: ~250 umSHMS HODO

HMS HODO

SHMS  
CALORIMETER

SHMS  
CALORIMETER
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Energy Loss Simulated  
in the Collimator

The general cuts applied were:   
|HMS Delta| < 8 %  SHMS Delta: (-10, 22) %  
Inv. Mass W : (0.85, 1.05),  HMS Coll. Cut

H(e,e’p) Yield Ratio Check

D(e,e’p) SHMS rates coverage  
~140 - 170 kHz on SAFE ZONE

Y corr
data =

Y uncorr
data

Q · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit>

Agreement within 4-5% gives us confidence  
in our understanding of inefficiencies 

(AT LOW RATES, < ~200 kHz)

                   NOT Understood: 
* How does the tracking algorithm perform at  

high rates? 



Proton Absorption = 4.66± 0.472%
<latexit sha1_base64="dnkmxt2yYLHGjIl5wNWi9vpTHTo=">AAACFXicbVA9SwNBEN3z2/gVtbRZDAELOe5CSGyEqI1lBKOBXAh7m02yZG/32J0Tw5E/YeNfsbFQxFaw89+4F1No4oOBx3szzMwLY8ENeN6Xs7C4tLyyurae29jc2t7J7+7dGJVoyhpUCaWbITFMcMkawEGwZqwZiULBbsPhRebf3jFtuJLXMIpZOyJ9yXucErBSJ38cALuHtK4VKInPQqN0nDljfIrLbqWCgzjCnluulnBQ7OQLnutNgOeJPyUFNEW9k/8MuoomEZNABTGm5XsxtFOigVPBxrkgMSwmdEj6rGWpJBEz7XTy1RgXrdLFPaVtScAT9fdESiJjRlFoOyMCAzPrZeJ/XiuB3kk75TJOgEn6s6iXCAwKZxHhLteMghhZQqjm9lZMB0QTCjbInA3Bn315ntyUXN9z/atyoXY+jWMNHaBDdIR8VEU1dInqqIEoekBP6AW9Oo/Os/PmvP+0LjjTmX30B87HN9e2nJ8=</latexit><latexit sha1_base64="dnkmxt2yYLHGjIl5wNWi9vpTHTo=">AAACFXicbVA9SwNBEN3z2/gVtbRZDAELOe5CSGyEqI1lBKOBXAh7m02yZG/32J0Tw5E/YeNfsbFQxFaw89+4F1No4oOBx3szzMwLY8ENeN6Xs7C4tLyyurae29jc2t7J7+7dGJVoyhpUCaWbITFMcMkawEGwZqwZiULBbsPhRebf3jFtuJLXMIpZOyJ9yXucErBSJ38cALuHtK4VKInPQqN0nDljfIrLbqWCgzjCnluulnBQ7OQLnutNgOeJPyUFNEW9k/8MuoomEZNABTGm5XsxtFOigVPBxrkgMSwmdEj6rGWpJBEz7XTy1RgXrdLFPaVtScAT9fdESiJjRlFoOyMCAzPrZeJ/XiuB3kk75TJOgEn6s6iXCAwKZxHhLteMghhZQqjm9lZMB0QTCjbInA3Bn315ntyUXN9z/atyoXY+jWMNHaBDdIR8VEU1dInqqIEoekBP6AW9Oo/Os/PmvP+0LjjTmX30B87HN9e2nJ8=</latexit><latexit sha1_base64="dnkmxt2yYLHGjIl5wNWi9vpTHTo=">AAACFXicbVA9SwNBEN3z2/gVtbRZDAELOe5CSGyEqI1lBKOBXAh7m02yZG/32J0Tw5E/YeNfsbFQxFaw89+4F1No4oOBx3szzMwLY8ENeN6Xs7C4tLyyurae29jc2t7J7+7dGJVoyhpUCaWbITFMcMkawEGwZqwZiULBbsPhRebf3jFtuJLXMIpZOyJ9yXucErBSJ38cALuHtK4VKInPQqN0nDljfIrLbqWCgzjCnluulnBQ7OQLnutNgOeJPyUFNEW9k/8MuoomEZNABTGm5XsxtFOigVPBxrkgMSwmdEj6rGWpJBEz7XTy1RgXrdLFPaVtScAT9fdESiJjRlFoOyMCAzPrZeJ/XiuB3kk75TJOgEn6s6iXCAwKZxHhLteMghhZQqjm9lZMB0QTCjbInA3Bn315ntyUXN9z/atyoXY+jWMNHaBDdIR8VEU1dInqqIEoekBP6AW9Oo/Os/PmvP+0LjjTmX30B87HN9e2nJ8=</latexit><latexit sha1_base64="dnkmxt2yYLHGjIl5wNWi9vpTHTo=">AAACFXicbVA9SwNBEN3z2/gVtbRZDAELOe5CSGyEqI1lBKOBXAh7m02yZG/32J0Tw5E/YeNfsbFQxFaw89+4F1No4oOBx3szzMwLY8ENeN6Xs7C4tLyyurae29jc2t7J7+7dGJVoyhpUCaWbITFMcMkawEGwZqwZiULBbsPhRebf3jFtuJLXMIpZOyJ9yXucErBSJ38cALuHtK4VKInPQqN0nDljfIrLbqWCgzjCnluulnBQ7OQLnutNgOeJPyUFNEW9k/8MuoomEZNABTGm5XsxtFOigVPBxrkgMSwmdEj6rGWpJBEz7XTy1RgXrdLFPaVtScAT9fdESiJjRlFoOyMCAzPrZeJ/XiuB3kk75TJOgEn6s6iXCAwKZxHhLteMghhZQqjm9lZMB0QTCjbInA3Bn315ntyUXN9z/atyoXY+jWMNHaBDdIR8VEU1dInqqIEoekBP6AW9Oo/Os/PmvP+0LjjTmX30B87HN9e2nJ8=</latexit>

Transmission ! e�did

e�should
=

1986

2083
= 0.9534

<latexit sha1_base64="DBe0WfxysyNc/vH9GSl+5FQeSzY="></latexit><latexit sha1_base64="DBe0WfxysyNc/vH9GSl+5FQeSzY="></latexit><latexit sha1_base64="DBe0WfxysyNc/vH9GSl+5FQeSzY="></latexit><latexit sha1_base64="DBe0WfxysyNc/vH9GSl+5FQeSzY="></latexit>

For Full Description of  
Proton Absorption Analysis,  
See DOC DB Link HERE ! 
 
(ONLY relevant for coincidence 
experiments)

Results of p-Absorption and Target Boiling Corrections to the Data Yield 

HMS Boiling Studies (April 2018 data set)

For Full Description of  
Target Boiling Corrections 
See DOC DB Link HERE !

LH2 slope:  -0.0006 / uA  
LD2 slope:  -0.0008 / uA

Fractional NormYield / uA
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https://hallcweb.jlab.org/DocDB/0010/001020/002/ProtonAbsorption_slides.pdf
https://hallcweb.jlab.org/DocDB/0010/001023/002/TargetBoiling.pdf


Extraction of D(e,e’p)n Cross Section

Corrected data Yield for inefficiencies and charge 
(explain basic definition of experimental cross section)

  Radiative Corrections

  Bin-Centering Corrections

40
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Efficiencies and  
Correction Factors

Y corr
data =

Y uncorr
data

Q · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit>

·frad · fbc
<latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit>
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RADIATIVE CORRECTIONS



Extraction of the D(e,e’p)n Cross Section
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SIMC Radiative  
Correction Factor

 Decide which kinematic variable to bin (or store) the cross section.  
(I choose to store the cross section in missing momentum bins)

 Only apply radiative corrections to the relevant variable chosen  
 (No need for unnecessary histograms)
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after  radiative correction  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before radiative correction

DATA Yield

 Take ratio between non-radiative to radiative  
  SIMC Yield to get correction factor bin by bin.

 Multiply the radiative correction factor by  
  the un-radiative data yield to get the corrected  
  data yield bin-by-bin.
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80 MeV setting

80 MeV setting
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Extraction of the D(e,e’p)n Cross Section

SIMC Phase Space 
    Un-Radiated

The ratio of the fully corrected data 
yield to the SIMC phase space will 
give the data cross section,  
bin-by-bin
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Extraction of the D(e,e’p)n Cross Section

 D(e,e’p)n 80 MeV setting Cross Section Binned in 
different recoil neutron angles. 
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DATA
PWIA
FSI

(5,15) deg (15,25) deg (25,35) deg (35,45) deg

(45,55) deg (55,65) deg (65,75) deg (75,85) deg
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BIN-CENTERING 

CORRECTIONS



Bin Centering Corrections
  In reality,  the measured data cross section is an average over  

   the kinematic bin in which it is stored.

Pm 

DATA avg. Xsec

MODEL Xsec (@ avg. kin) 

Model cross section at the averaged kinematic variables

Model average cross section -> simcYield / PhaseSpace 

(SIMC Yield does NOT have to be corrected for efficiencies 
or charge, as it is assumed all efficiencies are 100% and a 
1 mC charge is assumed in the input file)

Averaged cross section 
Over kinematic bin
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C
ro

ss
 S

ec
ti
o
n

MODEL avg. Xsec 

fbc =
�model(Ēb, Q̄2, !̄, ✓̄cmpq , �̄pq)

�̄model
<latexit sha1_base64="0uOBTyeP7llZhg5wb/sm9q8kXFw="></latexit><latexit sha1_base64="0uOBTyeP7llZhg5wb/sm9q8kXFw="></latexit><latexit sha1_base64="0uOBTyeP7llZhg5wb/sm9q8kXFw="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0w3V/40nJXR6raegj1Oz9SbtCUM="></latexit><latexit sha1_base64="0w3V/40nJXR6raegj1Oz9SbtCUM="></latexit><latexit sha1_base64="s0vtmCD3AWF/CqG1LGxKfHdiLrM="></latexit><latexit sha1_base64="0uOBTyeP7llZhg5wb/sm9q8kXFw="></latexit><latexit sha1_base64="0uOBTyeP7llZhg5wb/sm9q8kXFw="></latexit><latexit sha1_base64="0uOBTyeP7llZhg5wb/sm9q8kXFw="></latexit><latexit sha1_base64="0uOBTyeP7llZhg5wb/sm9q8kXFw="></latexit><latexit sha1_base64="0uOBTyeP7llZhg5wb/sm9q8kXFw="></latexit><latexit sha1_base64="0uOBTyeP7llZhg5wb/sm9q8kXFw="></latexit>

Cross Section @  
Average Kinematics

Bin-centering correction
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Bin Centering Corrections

x̄k =
⇣P

i wixiP
i wi

⌘

k
<latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="BpQ86q+TdbyX9XKhvntGe8/H3d8=">AAACJHicbVDLSsNAFL2pr1qrRrduBotQNyVxoxtBFMRlBfuApoTJdNIOnTyYmWhLyB+58Ve6EVHET3GSFtHWA3M5nHMvd+7xYs6ksqw3o7S2vrG5Vd6u7FR39/bNg2pbRokgtEUiHomuhyXlLKQtxRSn3VhQHHicdrzxTe53HqmQLAof1DSm/QAPQ+YzgpWWXPPW8bBIJ5mbjjN0iZxrNqw7vsAkdWQSuCnLnvIyyUv2o6FCzIr203zUNWtWwyqAVom9IDVYoOmaM2cQkSSgoSIcS9mzrVj1UywUI5xmFSeRNMZkjIe0p2mIAyr7aXFvhk60MkB+JPQLFSrU3xMpDqScBp7uDLAayWUvF//zeonyL/opC+NE0ZDMF/kJRypCeXhowAQlik81wUQw/VdERlinpXTEFR2CvXzyKmmfNWyrYd9bUIYjOIY62HAOV3AHTWgBgWeYwTt8GC/Gq/E5j6tkLHI7hD8wvr4BWRCprA==</latexit><latexit sha1_base64="BpQ86q+TdbyX9XKhvntGe8/H3d8=">AAACJHicbVDLSsNAFL2pr1qrRrduBotQNyVxoxtBFMRlBfuApoTJdNIOnTyYmWhLyB+58Ve6EVHET3GSFtHWA3M5nHMvd+7xYs6ksqw3o7S2vrG5Vd6u7FR39/bNg2pbRokgtEUiHomuhyXlLKQtxRSn3VhQHHicdrzxTe53HqmQLAof1DSm/QAPQ+YzgpWWXPPW8bBIJ5mbjjN0iZxrNqw7vsAkdWQSuCnLnvIyyUv2o6FCzIr203zUNWtWwyqAVom9IDVYoOmaM2cQkSSgoSIcS9mzrVj1UywUI5xmFSeRNMZkjIe0p2mIAyr7aXFvhk60MkB+JPQLFSrU3xMpDqScBp7uDLAayWUvF//zeonyL/opC+NE0ZDMF/kJRypCeXhowAQlik81wUQw/VdERlinpXTEFR2CvXzyKmmfNWyrYd9bUIYjOIY62HAOV3AHTWgBgWeYwTt8GC/Gq/E5j6tkLHI7hD8wvr4BWRCprA==</latexit><latexit sha1_base64="b7RTnbitGTNdsLNObb/OUC1d4tQ="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit>

Kinematic bin (e.g. Pm bin  
where cross section is stored)

Averaged kinematic variable x over kinematic bin k

Weight times kinematic variable summed over all events

Sum of the weights over all events

  Currently, Hall C software does NOT do energy loss corrections, therefore, 
        the average kinematics were calculated from vertex quantities in     
        simulation.
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Bin Centering Corrections

Theoretical Model  
(usually a code that 

takes the input)

IN OUT

  Once the averaged kinematics have been calculated, . . .

�̄model ⌘ Y SIMC

V P.S.
<latexit sha1_base64="1XFhLEn+jnFFPa+8ZV8mXjwFDN8="></latexit><latexit sha1_base64="1XFhLEn+jnFFPa+8ZV8mXjwFDN8="></latexit><latexit sha1_base64="1XFhLEn+jnFFPa+8ZV8mXjwFDN8="></latexit><latexit sha1_base64="1XFhLEn+jnFFPa+8ZV8mXjwFDN8="></latexit>

Averaged Model Cross Section  
(See Slide 11 for reference)

 Correct the data bin-by-bin using the model cross sections ratio . . .

�exp
bc = �̄exp ·

�model(Ēb, Q̄2, !̄, ✓̄cmpq , �̄pq)

�̄model
<latexit sha1_base64="1MLPqRD6ujyWNCUV7Sj67HmyUt0="></latexit><latexit sha1_base64="1MLPqRD6ujyWNCUV7Sj67HmyUt0="></latexit><latexit sha1_base64="1MLPqRD6ujyWNCUV7Sj67HmyUt0="></latexit><latexit sha1_base64="1MLPqRD6ujyWNCUV7Sj67HmyUt0="></latexit>

�model(Ēb, Q̄2, !̄, ✓̄cmpq , �̄pq)
<latexit sha1_base64="NPFsewhZVjYGloWaWgTFuWFkSKY="></latexit><latexit sha1_base64="NPFsewhZVjYGloWaWgTFuWFkSKY="></latexit><latexit sha1_base64="NPFsewhZVjYGloWaWgTFuWFkSKY="></latexit><latexit sha1_base64="NPFsewhZVjYGloWaWgTFuWFkSKY="></latexit>

x̄ : avg. kinematics
<latexit sha1_base64="gQYZQt5nEqu1HDJ9xJdP6etXn/k=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUhEUFwV3bisYB/QhDKZ3rRDJw9mJqUlZOnGX3HjQhG3foI7/8Zpm4W2Hhg4nHPvnXuPn3AmlW1/G6WV1bX1jfJmZWt7Z3fP3D9oyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7wduq3RiAki6MHNUnAC0k/YgGjRGmpax67PhHZOL/GroKxysiob+GhHhbqAirzrlm1LXsGvEycglRRgXrX/HJ7MU1DiBTlRMqOYyfKy4jQ4zjkFTeVkBA6JH3oaBqREKSXzQ7J8alWejiIhX6RwjP1d0dGQiknoa8r9X4DuehNxf+8TqqCKy9jUZIqiOj8oyDlWMV4mgruMQFU8YkmhAqmd8V0QAShSmdX0SE4iycvk+a55diWc39Rrd0UcZTRETpBZ8hBl6iG7lAdNRBFj+gZvaI348l4Md6Nj3lpySh6DtEfGJ8/IiqaCQ==</latexit><latexit sha1_base64="gQYZQt5nEqu1HDJ9xJdP6etXn/k=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUhEUFwV3bisYB/QhDKZ3rRDJw9mJqUlZOnGX3HjQhG3foI7/8Zpm4W2Hhg4nHPvnXuPn3AmlW1/G6WV1bX1jfJmZWt7Z3fP3D9oyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7wduq3RiAki6MHNUnAC0k/YgGjRGmpax67PhHZOL/GroKxysiob+GhHhbqAirzrlm1LXsGvEycglRRgXrX/HJ7MU1DiBTlRMqOYyfKy4jQ4zjkFTeVkBA6JH3oaBqREKSXzQ7J8alWejiIhX6RwjP1d0dGQiknoa8r9X4DuehNxf+8TqqCKy9jUZIqiOj8oyDlWMV4mgruMQFU8YkmhAqmd8V0QAShSmdX0SE4iycvk+a55diWc39Rrd0UcZTRETpBZ8hBl6iG7lAdNRBFj+gZvaI348l4Md6Nj3lpySh6DtEfGJ8/IiqaCQ==</latexit><latexit sha1_base64="gQYZQt5nEqu1HDJ9xJdP6etXn/k=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUhEUFwV3bisYB/QhDKZ3rRDJw9mJqUlZOnGX3HjQhG3foI7/8Zpm4W2Hhg4nHPvnXuPn3AmlW1/G6WV1bX1jfJmZWt7Z3fP3D9oyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7wduq3RiAki6MHNUnAC0k/YgGjRGmpax67PhHZOL/GroKxysiob+GhHhbqAirzrlm1LXsGvEycglRRgXrX/HJ7MU1DiBTlRMqOYyfKy4jQ4zjkFTeVkBA6JH3oaBqREKSXzQ7J8alWejiIhX6RwjP1d0dGQiknoa8r9X4DuehNxf+8TqqCKy9jUZIqiOj8oyDlWMV4mgruMQFU8YkmhAqmd8V0QAShSmdX0SE4iycvk+a55diWc39Rrd0UcZTRETpBZ8hBl6iG7lAdNRBFj+gZvaI348l4Md6Nj3lpySh6DtEfGJ8/IiqaCQ==</latexit><latexit sha1_base64="gQYZQt5nEqu1HDJ9xJdP6etXn/k=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUhEUFwV3bisYB/QhDKZ3rRDJw9mJqUlZOnGX3HjQhG3foI7/8Zpm4W2Hhg4nHPvnXuPn3AmlW1/G6WV1bX1jfJmZWt7Z3fP3D9oyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7wduq3RiAki6MHNUnAC0k/YgGjRGmpax67PhHZOL/GroKxysiob+GhHhbqAirzrlm1LXsGvEycglRRgXrX/HJ7MU1DiBTlRMqOYyfKy4jQ4zjkFTeVkBA6JH3oaBqREKSXzQ7J8alWejiIhX6RwjP1d0dGQiknoa8r9X4DuehNxf+8TqqCKy9jUZIqiOj8oyDlWMV4mgruMQFU8YkmhAqmd8V0QAShSmdX0SE4iycvk+a55diWc39Rrd0UcZTRETpBZ8hBl6iG7lAdNRBFj+gZvaI348l4Md6Nj3lpySh6DtEfGJ8/IiqaCQ==</latexit>
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Bin Centering Corrections
  Bin-centering correction factor for the 80 MeV setting
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