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NSAC  Meeting June 2, 2017

Recommendations:
1. Capitalize on investments made to 

maintain U.S. leadership in nuclear 
science.

2. Develop and deploy a U.S.-led ton-scale 
neutrino-less double beta decay 
experiment.

3. Construct a high-energy high-
luminosity polarized electron-ion 
collider (EIC) as the highest priority for 
new construction following the 
completion of FRIB.

4. Increase investment in small-scale and 
mid-scale projects and initiatives that 
enable forefront research at 
universities and laboratories.

The 2015 Long Range Plan for Nuclear Science
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The FY 2018 Request supports progress in important aspects of the 2015 LRP Vision 
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Next Formal Step on the EIC Science Case is Continuing

THE NATIONAL ACADEMIES OF SCIENCES, ENGINEERING, AND MEDICINE 
Division on Engineering and Physical Science
Board on Physics and Astronomy
U.S.-Based Electron Ion Collider Science Assessment

Summary
The National Academies of Sciences, Engineering, and Medicine (“National Academies”) 
will form a committee to carry out a thorough, independent assessment of the scientific 
justification for a U.S. domestic electron ion collider facility.  In preparing its report, the 
committee will address the role that such a facility would play in the future of nuclear 
science, considering the field broadly, but placing emphasis on its potential scientific 
impact on quantum chromodynamics.  The need for such an accelerator will be addressed 
in the context of international efforts in this area.  Support for the 18-month project in the 
amount of $540,000 is requested from the Department of Energy.

19

“U.S.-Based Electron Ion Collider Science Assessment” is now getting underway. The Chair 
will be Gordon Baym. The rest of the committee, including a co-chair, will be appointed in 
the next couple of weeks. The first meeting is being planned for January, 2017

T. Hallman

https://arxiv.org/abs/1212.1701
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WASHINGTON, D.C. – Today, the U.S. Department of Energy (DOE) announced the selection of Brookhaven National Laboratory in Upton, 
NY, as the site for a planned major new nuclear physics research facility. The Electron Ion Collider (EIC), to be designed and constructed 
over ten years at an estimated cost between $1.6 and $2.6 billion, will smash electrons into protons and heavier atomic nuclei in an effort to 
penetrate the mysteries of the “strong force” that binds the atomic nucleus together.

https://www.energy.gov/articles/
us-department-energy-selects-
brookhaven-national-laboratory-
host-major-new-nuclear-physics

Critical
Decisions

          DefinitionInitiation Execution            Closeout

Operating* 
Funds

Operating 
Funds

Project Engineering and 
Design (PED) Funds

Construction & 
PED

Funds

Conceptual 
Design

Preliminary 
Design

Final 
Design

Construction

CD-1
Approve 

Alternative 
Selection
and Cost 
Range

CD-4
Approve

Start of Operations 
or Project 

Completion

CD-3
Approve 
Start of 

Construction 
or Execution

CD-2
Approve 

Performance 
Baseline (PB)

CD-0
Approve 
Mission 
Need

EIC
Critical Decision-0 (CD-0), 
“Approve Mission Need”, 
approved for the EIC on 
December 19, 2019.

Critical Decision-1 (CD-1), 
“Approve Alternative Selection 
and Cost Range”, was awarded 
for the EIC on June 29, 2021.

https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
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 EIC accelerator design
Center of Mass Energies: 20GeV - 140GeV

Luminosity: 1033 - 1034 cm-2s-1 / 10-100fb-1 / year

Highly Polarized Beams: 70%

Large Ion Species Range: p to U

Number of Interaction Regions: Up to 2!

2nd 
detector

https://www.eiccenter.org/physicists
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Yellow Report Status

Rolf Ent & Thomas Ullrich
EIC User Group Remote Meeting, February 4, 2021

~400 authors / ~150 institutions / ~900 pages with strong international contributions!


Review: Community review within EICUG and external readers (~30) worldwide covering physics and detector expert fields!


Available on archive: Nucl. Phys. A 1026 (2022) 122447 / https://arxiv.org/abs/2103.05419

R.~Khalek et al. [EIC Users Group],  
BNL-220990-2021-FORE, arXiv e-Print: 
2103.05419, Accepted for publication in  
Nuclear Physics A

https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.sciencedirect.com/science/article/abs/pii/S0375947422000677?via=ihub
https://arxiv.org/abs/2103.05419
https://inspirehep.net/literature/1851258
https://inspirehep.net/literature/1851258
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ATHENA: A Totally Hermetic Electron-
Nucleus Apparatus

Concept: General purpose detector 
inspired by the YR studies based on a 
new central magnet of up to 3T

WWW-page: https://www.athena-eic.org

https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.athena-eic.org
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ATHENA: A Totally Hermetic Electron-
Nucleus Apparatus

Concept: General purpose detector 
inspired by the YR studies based on a 
new central magnet of up to 3T

WWW-page: https://www.athena-eic.org

CORE: COmpact detectoR for the Eic

Concept: Nearly hermetic, general-
purpose compact detector, 3T baseline

WWW-page: https://
userweb.jlab.org/~hyde/EIC-CORE/

https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.athena-eic.org
https://userweb.jlab.org/~hyde/EIC-CORE/
https://userweb.jlab.org/~hyde/EIC-CORE/
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ATHENA: A Totally Hermetic Electron-
Nucleus Apparatus

Concept: General purpose detector 
inspired by the YR studies based on a 
new central magnet of up to 3T

WWW-page: https://www.athena-eic.org

CORE: COmpact detectoR for the Eic

Concept: Nearly hermetic, general-
purpose compact detector, 3T baseline

WWW-page: https://
userweb.jlab.org/~hyde/EIC-CORE/

ECCE: EIC Comprehensive 
Chromodynamics Experiment

Concept: General purpose detector 
based on 1.5T BaBar magnet

WWW-page: https://www.ecce-
eic.org

https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.athena-eic.org
https://userweb.jlab.org/~hyde/EIC-CORE/
https://userweb.jlab.org/~hyde/EIC-CORE/
https://www.ecce-eic.org
https://www.ecce-eic.org


Bernd Surrow

EIC Project Development
Schedule: EIC Project Detector at IP 6 / ePIC 

12

15th European Research Conference EINN 2023
Paphos, Cyprus, October 31 - November 4, 2023



Bernd Surrow

EIC Project Development
Reference Schedule for 2nd IR and Detector 

13

15th European Research Conference EINN 2023
Paphos, Cyprus, October 31 - November 4, 2023



Bernd Surrow

EIC Project Development
Reference Schedule for 2nd IR and Detector 

13

15th European Research Conference EINN 2023
Paphos, Cyprus, October 31 - November 4, 2023

Talk by 
Abhay 
Deshpande / 
TR 03:00 
PM: Case 
for the 2nd 
detector

Talk by 
Pawel 
Nadel-
Turonski / 
TR 03:30 
PM: 
Designing 
the 2nd IR 
and detector
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Measure of 
resolution 
power 

x =
Q2

2(p · q)
<latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit><latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit><latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit><latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit>

Measure of 
momentum 
fraction by 
struck quark 

y =
p · q
p · k

<latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit><latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit><latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit><latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit>

Measure of 
inelasticity
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e (kµ)

e (kµ /)

Ee
 /

θe

γ* (qµ)

P (pµ)
X (pµ /)

e (kµ)

e (k /)

γ* (qµ)

P (p µ)
X (pµ /)

k =

0

BB@

Ee

0
0

�Ee

1

CCA

<latexit sha1_base64="LW4f0jV0U2CXqEkTmxvzI1OYM2g="></latexit><latexit sha1_base64="LW4f0jV0U2CXqEkTmxvzI1OYM2g="></latexit><latexit sha1_base64="LW4f0jV0U2CXqEkTmxvzI1OYM2g="></latexit><latexit sha1_base64="LW4f0jV0U2CXqEkTmxvzI1OYM2g="></latexit>

p =

0

BB@

EP

0
0
EP

1

CCA

<latexit sha1_base64="ZenZmmLHLG3ikO/gG4K93Gs5Zls="></latexit><latexit sha1_base64="ZenZmmLHLG3ikO/gG4K93Gs5Zls="></latexit><latexit sha1_base64="ZenZmmLHLG3ikO/gG4K93Gs5Zls="></latexit><latexit sha1_base64="ZenZmmLHLG3ikO/gG4K93Gs5Zls="></latexit>

k0 =

0

BB@

E0
e

E0
e sin ✓0e cos�0

e

E0
e sin ✓0e sin�0

e

E0
e cos ✓0e

1

CCA

<latexit sha1_base64="taPsdiBTQlA8QyviLT/MQ4UAxSI="></latexit><latexit sha1_base64="taPsdiBTQlA8QyviLT/MQ4UAxSI="></latexit><latexit sha1_base64="taPsdiBTQlA8QyviLT/MQ4UAxSI="></latexit><latexit sha1_base64="taPsdiBTQlA8QyviLT/MQ4UAxSI="></latexit>

p0 =

0

BB@

P
h EhP
h pX,hP
h pY,hP
h pZ,h

1

CCA

<latexit sha1_base64="8SLzJyHPpezOCVduTPZkfESrrbo="></latexit><latexit sha1_base64="8SLzJyHPpezOCVduTPZkfESrrbo="></latexit><latexit sha1_base64="8SLzJyHPpezOCVduTPZkfESrrbo="></latexit><latexit sha1_base64="8SLzJyHPpezOCVduTPZkfESrrbo="></latexit>

Q2 = �(k � k0)2 = �q2
<latexit sha1_base64="gMOwBwavDDeRKUELTAgtRRapSTI=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqQytEoqJFgqVbAwthJ9SG1aOa7TWrWTYDtIVZSZhV9hYQAhVr6Ajb/BaTNAy5Gu7tE598q+xw0Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMkgEpg0ccAC0XGRJIz6pKmoYqQTCoK4y0jbndykfvuBCEkD/05NQ+JwNPKpRzFSWhqYJ41+XElgtVSclCb9uBcKyklynorV0n3aBmbBKlszwGViZ6QAMtQH5ldvGOCIE19hhqTs2laonBgJRTEjSb4XSRIiPEEj0tXUR5xIJ56dksAzrQyhFwhdvoIz9fdGjLiUU+7qSY7UWC56qfif142Ud+XE1A8jRXw8f8iLGFQBTHOBQyoIVmyqCcKC6r9CPEYCYaXTy+sQ7MWTl0mrUratst24KNSuszhy4BicgiKwwSWogVtQB02AwSN4Bq/gzXgyXox342M+umJkO0fgD4zPH1QhmWY=</latexit><latexit sha1_base64="gMOwBwavDDeRKUELTAgtRRapSTI=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqQytEoqJFgqVbAwthJ9SG1aOa7TWrWTYDtIVZSZhV9hYQAhVr6Ajb/BaTNAy5Gu7tE598q+xw0Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMkgEpg0ccAC0XGRJIz6pKmoYqQTCoK4y0jbndykfvuBCEkD/05NQ+JwNPKpRzFSWhqYJ41+XElgtVSclCb9uBcKyklynorV0n3aBmbBKlszwGViZ6QAMtQH5ldvGOCIE19hhqTs2laonBgJRTEjSb4XSRIiPEEj0tXUR5xIJ56dksAzrQyhFwhdvoIz9fdGjLiUU+7qSY7UWC56qfif142Ud+XE1A8jRXw8f8iLGFQBTHOBQyoIVmyqCcKC6r9CPEYCYaXTy+sQ7MWTl0mrUratst24KNSuszhy4BicgiKwwSWogVtQB02AwSN4Bq/gzXgyXox342M+umJkO0fgD4zPH1QhmWY=</latexit><latexit sha1_base64="gMOwBwavDDeRKUELTAgtRRapSTI=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqQytEoqJFgqVbAwthJ9SG1aOa7TWrWTYDtIVZSZhV9hYQAhVr6Ajb/BaTNAy5Gu7tE598q+xw0Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMkgEpg0ccAC0XGRJIz6pKmoYqQTCoK4y0jbndykfvuBCEkD/05NQ+JwNPKpRzFSWhqYJ41+XElgtVSclCb9uBcKyklynorV0n3aBmbBKlszwGViZ6QAMtQH5ldvGOCIE19hhqTs2laonBgJRTEjSb4XSRIiPEEj0tXUR5xIJ56dksAzrQyhFwhdvoIz9fdGjLiUU+7qSY7UWC56qfif142Ud+XE1A8jRXw8f8iLGFQBTHOBQyoIVmyqCcKC6r9CPEYCYaXTy+sQ7MWTl0mrUratst24KNSuszhy4BicgiKwwSWogVtQB02AwSN4Bq/gzXgyXox342M+umJkO0fgD4zPH1QhmWY=</latexit><latexit sha1_base64="gMOwBwavDDeRKUELTAgtRRapSTI=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqQytEoqJFgqVbAwthJ9SG1aOa7TWrWTYDtIVZSZhV9hYQAhVr6Ajb/BaTNAy5Gu7tE598q+xw0Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMkgEpg0ccAC0XGRJIz6pKmoYqQTCoK4y0jbndykfvuBCEkD/05NQ+JwNPKpRzFSWhqYJ41+XElgtVSclCb9uBcKyklynorV0n3aBmbBKlszwGViZ6QAMtQH5ldvGOCIE19hhqTs2laonBgJRTEjSb4XSRIiPEEj0tXUR5xIJ56dksAzrQyhFwhdvoIz9fdGjLiUU+7qSY7UWC56qfif142Ud+XE1A8jRXw8f8iLGFQBTHOBQyoIVmyqCcKC6r9CPEYCYaXTy+sQ7MWTl0mrUratst24KNSuszhy4BicgiKwwSWogVtQB02AwSN4Bq/gzXgyXox342M+umJkO0fgD4zPH1QhmWY=</latexit>

Measure of 
resolution 
power 

x =
Q2

2(p · q)
<latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit><latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit><latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit><latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit>

Measure of 
momentum 
fraction by 
struck quark 

y =
p · q
p · k

<latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit><latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit><latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit><latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit>
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<latexit sha1_base64="LW4f0jV0U2CXqEkTmxvzI1OYM2g="></latexit><latexit sha1_base64="LW4f0jV0U2CXqEkTmxvzI1OYM2g="></latexit><latexit sha1_base64="LW4f0jV0U2CXqEkTmxvzI1OYM2g="></latexit><latexit sha1_base64="LW4f0jV0U2CXqEkTmxvzI1OYM2g="></latexit>
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<latexit sha1_base64="ZenZmmLHLG3ikO/gG4K93Gs5Zls="></latexit><latexit sha1_base64="ZenZmmLHLG3ikO/gG4K93Gs5Zls="></latexit><latexit sha1_base64="ZenZmmLHLG3ikO/gG4K93Gs5Zls="></latexit><latexit sha1_base64="ZenZmmLHLG3ikO/gG4K93Gs5Zls="></latexit>
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<latexit sha1_base64="taPsdiBTQlA8QyviLT/MQ4UAxSI="></latexit><latexit sha1_base64="taPsdiBTQlA8QyviLT/MQ4UAxSI="></latexit><latexit sha1_base64="taPsdiBTQlA8QyviLT/MQ4UAxSI="></latexit><latexit sha1_base64="taPsdiBTQlA8QyviLT/MQ4UAxSI="></latexit>
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<latexit sha1_base64="8SLzJyHPpezOCVduTPZkfESrrbo="></latexit><latexit sha1_base64="8SLzJyHPpezOCVduTPZkfESrrbo="></latexit><latexit sha1_base64="8SLzJyHPpezOCVduTPZkfESrrbo="></latexit><latexit sha1_base64="8SLzJyHPpezOCVduTPZkfESrrbo="></latexit>

Q2 = �(k � k0)2 = �q2
<latexit sha1_base64="gMOwBwavDDeRKUELTAgtRRapSTI=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqQytEoqJFgqVbAwthJ9SG1aOa7TWrWTYDtIVZSZhV9hYQAhVr6Ajb/BaTNAy5Gu7tE598q+xw0Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMkgEpg0ccAC0XGRJIz6pKmoYqQTCoK4y0jbndykfvuBCEkD/05NQ+JwNPKpRzFSWhqYJ41+XElgtVSclCb9uBcKyklynorV0n3aBmbBKlszwGViZ6QAMtQH5ldvGOCIE19hhqTs2laonBgJRTEjSb4XSRIiPEEj0tXUR5xIJ56dksAzrQyhFwhdvoIz9fdGjLiUU+7qSY7UWC56qfif142Ud+XE1A8jRXw8f8iLGFQBTHOBQyoIVmyqCcKC6r9CPEYCYaXTy+sQ7MWTl0mrUratst24KNSuszhy4BicgiKwwSWogVtQB02AwSN4Bq/gzXgyXox342M+umJkO0fgD4zPH1QhmWY=</latexit><latexit sha1_base64="gMOwBwavDDeRKUELTAgtRRapSTI=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqQytEoqJFgqVbAwthJ9SG1aOa7TWrWTYDtIVZSZhV9hYQAhVr6Ajb/BaTNAy5Gu7tE598q+xw0Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMkgEpg0ccAC0XGRJIz6pKmoYqQTCoK4y0jbndykfvuBCEkD/05NQ+JwNPKpRzFSWhqYJ41+XElgtVSclCb9uBcKyklynorV0n3aBmbBKlszwGViZ6QAMtQH5ldvGOCIE19hhqTs2laonBgJRTEjSb4XSRIiPEEj0tXUR5xIJ56dksAzrQyhFwhdvoIz9fdGjLiUU+7qSY7UWC56qfif142Ud+XE1A8jRXw8f8iLGFQBTHOBQyoIVmyqCcKC6r9CPEYCYaXTy+sQ7MWTl0mrUratst24KNSuszhy4BicgiKwwSWogVtQB02AwSN4Bq/gzXgyXox342M+umJkO0fgD4zPH1QhmWY=</latexit><latexit sha1_base64="gMOwBwavDDeRKUELTAgtRRapSTI=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqQytEoqJFgqVbAwthJ9SG1aOa7TWrWTYDtIVZSZhV9hYQAhVr6Ajb/BaTNAy5Gu7tE598q+xw0Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMkgEpg0ccAC0XGRJIz6pKmoYqQTCoK4y0jbndykfvuBCEkD/05NQ+JwNPKpRzFSWhqYJ41+XElgtVSclCb9uBcKyklynorV0n3aBmbBKlszwGViZ6QAMtQH5ldvGOCIE19hhqTs2laonBgJRTEjSb4XSRIiPEEj0tXUR5xIJ56dksAzrQyhFwhdvoIz9fdGjLiUU+7qSY7UWC56qfif142Ud+XE1A8jRXw8f8iLGFQBTHOBQyoIVmyqCcKC6r9CPEYCYaXTy+sQ7MWTl0mrUratst24KNSuszhy4BicgiKwwSWogVtQB02AwSN4Bq/gzXgyXox342M+umJkO0fgD4zPH1QhmWY=</latexit><latexit sha1_base64="gMOwBwavDDeRKUELTAgtRRapSTI=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqQytEoqJFgqVbAwthJ9SG1aOa7TWrWTYDtIVZSZhV9hYQAhVr6Ajb/BaTNAy5Gu7tE598q+xw0Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMkgEpg0ccAC0XGRJIz6pKmoYqQTCoK4y0jbndykfvuBCEkD/05NQ+JwNPKpRzFSWhqYJ41+XElgtVSclCb9uBcKyklynorV0n3aBmbBKlszwGViZ6QAMtQH5ldvGOCIE19hhqTs2laonBgJRTEjSb4XSRIiPEEj0tXUR5xIJ56dksAzrQyhFwhdvoIz9fdGjLiUU+7qSY7UWC56qfif142Ud+XE1A8jRXw8f8iLGFQBTHOBQyoIVmyqCcKC6r9CPEYCYaXTy+sQ7MWTl0mrUratst24KNSuszhy4BicgiKwwSWogVtQB02AwSN4Bq/gzXgyXox342M+umJkO0fgD4zPH1QhmWY=</latexit>

Measure of 
resolution 
power 

x =
Q2

2(p · q)
<latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit><latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit><latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit><latexit sha1_base64="6tTXp7RVtrhaxDdnusdT19FxLxY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkpSBN0IRTcuW7APaGKZTCbt0EkmzkzEErJx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe48WMSmVZ30ZhaXllda24XtrY3NreMXf32pInApMW5oyLrockYTQiLUUVI91YEBR6jHS80dXE79wTISmPbtQ4Jm6IBhENKEZKS33z8OHCCQTCafM2rWVZWqvE0ME+V/DuJOubZatqTQEXiZ2TMsjR6Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGqGQSDedfpHBY634MOBCV6TgVP09kaJQynHo6c4QqaGc9ybif14vUcG5m9IoThSJ8GxRkDCoOJxEAn0qCFZsrAnCgupbIR4iHYrSwZV0CPb8y4ukXavaVtVunpbrl3kcRXAAjkAF2OAM1ME1aIAWwOARPINX8GY8GS/Gu/Exay0Y+cw++APj8wd3AZfj</latexit>

Measure of 
momentum 
fraction by 
struck quark 

y =
p · q
p · k

<latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit><latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit><latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit><latexit sha1_base64="T0OLejpW4dEn5uGZysZulscU9Jc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQTdC0Y3LCvYCTSiTyaQdOpmJMxMhhKzc+CpuXCji1mdw59s4bYNo6w8DH/85hzPnDxJGlXacL2thcWl5ZbWyVl3f2Nzatnd220qkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6Gpc79wTqajgtzpLiB+jAacRxUgbq28fZBdeJBHOE+jhUGh4V/zgqOjbNafuTATnwS2hBko1+/anFwqcxoRrzJBSPddJtJ8jqSlmpKh6qSIJwiM0ID2DHMVE+fnkjAIeGSeEkZDmcQ0n7u+JHMVKZXFgOmOkh2q2Njb/q/VSHZ37OeVJqgnH00VRyqAWcJwJDKkkWLPMAMKSmr9CPEQmFW2Sq5oQ3NmT56F9UneduntzWmtclnFUwD44BMfABWegAa5BE7QABg/gCbyAV+vRerberPdp64JVzuyBP7I+vgHUSpiz</latexit>
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ePIC Detector Design Philosophy
EIC kinematic considerations: Ee=10GeV X Ep=250GeV (√s=100GeV)

Ee = 10GeV
<latexit sha1_base64="6u5G6Ola9P25ZKfJE7y/znFYBnw=">AAAB+nicdVBNS0JBFJ3Xp9mX1rLNkAQtQmYsUheBFFFLgzRBReaNVx2c98HMvEJe/pQ2LYpo2y9p179pnhpU1IELh3Pu5d573FAKbQj5cObmFxaXllMr6dW19Y3NTHarroNIcajxQAaq4TINUvhQM8JIaIQKmOdKuHGHZ4l/cwtKi8C/NqMQ2h7r+6InODNW6mSy5x04oaR1ELeUhy+gPu5kciRPCKGU4oTQ4jGxpFwuFWgJ08SyyKEZqp3Me6sb8MgD33DJtG5SEpp2zJQRXMI43Yo0hIwPWR+alvrMA92OJ6eP8Z5VurgXKFu+wRP1+0TMPK1Hnms7PWYG+reXiH95zcj0Su1Y+GFkwOfTRb1IYhPgJAfcFQq4kSNLGFfC3or5gCnGjU0rbUP4+hT/T+qFPD3Mk6ujXOV0FkcK7aBdtI8oKqIKukRVVEMc3aEH9ISenXvn0XlxXqetc85sZhv9gPP2CctvkxE=</latexit>
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ePIC Detector Design Philosophy
EIC kinematic considerations: Ee=10GeV X Ep=250GeV (√s=100GeV)

Ep = 250GeV
<latexit sha1_base64="CUd9LdXCsxrNdbx72gvXOlH8LMM=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwISUzHdu6EIoiuqxgH9AZSiZN29DMgyQjlqG/4saFIm79EXf+jZm2gooeuHA4517uvceLOJMKoQ8js7S8srqWXc9tbG5t7+R3Cy0ZxoLQJgl5KDoelpSzgDYVU5x2IkGx73Ha9sYXqd++o0KyMLhVk4i6Ph4GbMAIVlrq5QuXvejMOkHOceIIH17R1rSXL6LSaa1i2RWISghVTctMiVW1yzY0tZKiCBZo9PLvTj8ksU8DRTiWsmuiSLkJFooRTqc5J5Y0wmSMh7SraYB9Kt1kdvsUHmqlDweh0BUoOFO/TyTYl3Lie7rTx2okf3up+JfXjdWg5iYsiGJFAzJfNIg5VCFMg4B9JihRfKIJJoLpWyEZYYGJ0nHldAhfn8L/ScsqmeUSurGL9fNFHFmwDw7AETBBFdTBNWiAJiDgHjyAJ/BsTI1H48V4nbdmjMXMHvgB4+0TauOTaA==</latexit>

Ee = 10GeV
<latexit sha1_base64="6u5G6Ola9P25ZKfJE7y/znFYBnw=">AAAB+nicdVBNS0JBFJ3Xp9mX1rLNkAQtQmYsUheBFFFLgzRBReaNVx2c98HMvEJe/pQ2LYpo2y9p179pnhpU1IELh3Pu5d573FAKbQj5cObmFxaXllMr6dW19Y3NTHarroNIcajxQAaq4TINUvhQM8JIaIQKmOdKuHGHZ4l/cwtKi8C/NqMQ2h7r+6InODNW6mSy5x04oaR1ELeUhy+gPu5kciRPCKGU4oTQ4jGxpFwuFWgJ08SyyKEZqp3Me6sb8MgD33DJtG5SEpp2zJQRXMI43Yo0hIwPWR+alvrMA92OJ6eP8Z5VurgXKFu+wRP1+0TMPK1Hnms7PWYG+reXiH95zcj0Su1Y+GFkwOfTRb1IYhPgJAfcFQq4kSNLGFfC3or5gCnGjU0rbUP4+hT/T+qFPD3Mk6ujXOV0FkcK7aBdtI8oKqIKukRVVEMc3aEH9ISenXvn0XlxXqetc85sZhv9gPP2CctvkxE=</latexit>
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measurement - Full azimuthal acceptance
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reconstruction
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2.6 Far Forward Detectors
EIC collisions include many final-states with charged or neutral particles with ” > 4:0. These particles are outside
the acceptance of the central detector and therefore require detectors integrated with the accelerator beamline.
Maximum acceptance across all beam energies and species requires multiple subsystems, whose acceptance is
dictated by the Interaction Region (IR) design. This is summarized in Tab. 2.4. A 3-D layout of the far-forward
region is shown in Fig. 2.12.

Table 2.4: Summary of the geometric acceptance for far-forward protons and neutrons in polar angle „ and
magnetic rigidity percentage provided by the baseline EIC far-forward detector design [3]. ⇤The Roman Pots
acceptance at high values of rigidity depends on the optics choice for the machine.

Detector „ accep. [mrad] Rigidity accep. Particles Technology

B0 tracker 5.5–20.0 N/A
Charged particles

Tagged photons

MAPS

AC-LGAD

O↵-Momentum Detector 0.0–5.0 45%–65% Charged particles AC-LGAD

Roman Pots 0.0–5.0 60%–95%⇤ Protons

Light nuclei
AC-LGAD

Zero-Degree Calorimeter 0.0–4.0 N/A
Neutrons

Photons

W/SciFi (ECal)

Pb/Sci (HCal)

B0 Silicon Tracker and Preshower

Roman Pots

Zero-Degree Calorimeter

Focusing Quadrupoles Off-Momentum Detectors

Figure 2.12: 3-D rendering of the far-forward region of IP6 with the proposed ATHENA detector instrumentation
from the DD4HEP geometry implementation.

2.6.1 Technology choices
The B0 spectrometer requires approximately 20 —m position resolution to provide the required pT resolution
for high-momentum hadrons near the beam line and good timing resolution to aid in background rejection,
and to correct for e↵ective vertex smearing from the crab cavity rotation. Our design consists of three silicon
MAPS disks serving as the first, second, and fourth layers of the detector, complemented by a single AC-LGAD
layer with 500 —m pixel pitch and 20 � 30 ps timing resolution. Each tracking layer is separated by 30 cm.
The silicon preshower following the tracker has two radiation lengths of lead as a photon converter, and a layer
of silicon to tag the produced lepton pair. We envision use of AC-LGAD sensors for the preshower. These
sensors enable the required spatial resolution to measure lepton pairs while providing excellent timing resolution
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High precision luminosity measurement at 1% level for 

absolute luminosity and 0.01% for relative luminosity 

measurement using several methods based on the 

Bremsstrahlung process: 

1. Counting photons converted in thin exit window using dipole field 

and measuring e+e- pairs

2. Energy measurement of unconverted photons    

3. Counting of  unconverted photons
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High precision luminosity measurement at 1% level for 

absolute luminosity and 0.01% for relative luminosity 

measurement using several methods based on the 

Bremsstrahlung process: 

1. Counting photons converted in thin exit window using dipole field 

and measuring e+e- pairs

2. Energy measurement of unconverted photons    

3. Counting of  unconverted photons

Low Q2 taggers - PHP tagger
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ePIC Detector Design Philosophy
Tracking:

New 1.7T solenoid
Si MAPS Tracker
MPGDs (µRWELL/µMegas)

PID:

hpDIRC
pfRICH
dRICH
AC-LGAD (~30ps TOF)

Calorimetry:

Imaging Barrel EMCal
PbWO4 EMCal in backward  
direction
Finely segmented EMCal 
+HCal 
in forward direction
Outer HCal (sPHENIX re-
use)
Backwards HCal (tail-
catcher)
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ePIC Tracking Detectors: Layout

MAPS Barrel + Disks
MPGD Barrels + Disks
AC-LGAD based ToF

Talk by Matt Posik / 05:00 PM: ePIC Tracking 
System Overview and Performance
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MAPS Tracker: 


Small pixels (20 µm), low power 
consumption (<20 mW/cm2) and 
material budget (0.05% to 0.55% X/X0) 
per layer

Based on ALICE ITS3 development

Vertex layers optimized for beam pipe 
bake-out and ITS-3 sensor size

Forward and backward disks


MPGD Layers:


Provide timing and pattern recognition

Cylindrical µMEGAs 

Planar µRWell’s before hpDIRC - 
Impact point and direction for ring 
seeding 


  AC-LGAD TOF and AstroPix (BECAL):


Additional space point for pattern 
recognition / redundancy 


Fast hit point / Low p PID

ePIC Tracking Detectors: Layout

MAPS Barrel + Disks
MPGD Barrels + Disks
AC-LGAD based ToF

Talk by Matt Posik / 05:00 PM: ePIC Tracking 
System Overview and Performance
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Proximity Focused 
(pfRICH)


Long proximity gap (~40 cm)

Sensor: LAPPDs
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High-Performance DIRC


Quartz bar radiator (BaBAR bars) 

light detection with MCP-PMTs

Fully focused

π/K 3б separation at 6 GeV/c
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ePIC PID Detectors: Layout

Proximity Focused 
(pfRICH)


Long proximity gap (~40 cm)

Sensor: LAPPDs

up to 9 GeV/c 3б π/K sep.


High-Performance DIRC


Quartz bar radiator (BaBAR bars) 

light detection with MCP-PMTs

Fully focused

π/K 3б separation at 6 GeV/c

Dual-Radiator RICH (dRICH)

C2F6 Gas Volume and Aerogel


Sensors tiled on spheres (SiPMs)

π/K 3σ sep. at 50 GeV/c

Talk by Roberto Preghenella / 05:30 PM: Particle 
Identification with the ePIC detector at the EIC
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ePIC PID Detectors: Layout

Proximity Focused 
(pfRICH)


Long proximity gap (~40 cm)

Sensor: LAPPDs

up to 9 GeV/c 3б π/K sep.


High-Performance DIRC


Quartz bar radiator (BaBAR bars) 

light detection with MCP-PMTs

Fully focused

π/K 3б separation at 6 GeV/c

Dual-Radiator RICH (dRICH)

C2F6 Gas Volume and Aerogel


Sensors tiled on spheres (SiPMs)

π/K 3σ sep. at 50 GeV/c

AC-LGAD 
TOF (~30ps)

Accurate space point for 
tracking / Low p PID

Forward disk and central 
barrel

Talk by Roberto Preghenella / 05:30 PM: Particle 
Identification with the ePIC detector at the EIC
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Calorimetry with the ePIC Project
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Backwards 
HCal


Steel/Sc 
Sandwich


tail catcher

ePIC Calorimeter Detectors: Layout

Talk by David Hornidge / 06:00 PM: 
Calorimetry with the ePIC Project
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PbW04 crystals, SiPM photosensor
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tail catcher
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Backwards EMCal

PbW04 crystals, SiPM photosensor

Backwards 
HCal


Steel/Sc 
Sandwich


tail catcher

ePIC Calorimeter Detectors: Layout

Barrel BECAL 

Talk by David Hornidge / 06:00 PM: 
Calorimetry with the ePIC Project
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Backwards EMCal

PbW04 crystals, SiPM photosensor

Backwards 
HCal


Steel/Sc 
Sandwich


tail catcher

ePIC Calorimeter Detectors: Layout

Barrel BECAL 

Barrel HCAL  
(sPHENIX re-use)
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Backwards EMCal

PbW04 crystals, SiPM photosensor

High granularity  
W/SciFi EMCal 


Longitudinally separated 
HCAL with high-η insert

Backwards 
HCal


Steel/Sc 
Sandwich


tail catcher

ePIC Calorimeter Detectors: Layout

Barrel BECAL 

Barrel HCAL  
(sPHENIX re-use)

Talk by David Hornidge / 06:00 PM: 
Calorimetry with the ePIC Project



Bernd Surrow

ePIC Detector Design Philosophy

No External trigger


All collision data digitized, 

but zero suppressed at FEB


Low / zero dead-time


Event selection can be based 

on full data from all 

detectors (in real-time, or 

later)


Collision data flow is 

independent and 

unidirectional ➜ no global 

latency requirements


Avoiding hardware triggers 

avoids complex custom 

hardware and firmware


Data volume is reduced as 

much as possible at each 

stage
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Number of Institutions

Spinning Glue: QCD and Spin
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Over two decades, the nuclear physics community has developed the scientific and technical case for the 

Electron-Ion Collider, to push the frontiers of human understanding of the fundamental structure and 

dynamics of matter ➜ Emergent phenomena in QCD!

Enormously profit from a diverse set of experiences among experimentalists and theorists at numerous 

institutions worldwide ➜ Critical for a broad EIC scientific program

Successful merging of several proposal efforts, forming a new collaboration in 2022/2023:                   

ePIC collaboration 

A very exciting time is ahead of us to explore the structure and dynamics of matter at a new ep/eA 

collider facility following years of preparation - Join us!
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Summary and Next Steps
Schedule: EIC Project Detector at IP 6 / ePIC 
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