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How did it happen?
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In our JUNO Neutrino 2022 poster, we studied

atmospheric neutrino induced 𝐾+ spectrum 

https://indico.kps.or.kr/event/30/contributions/297/

❑ Discrepancy seen by different analyzers (Jie 

Cheng, Zhenning Qu, and QY)

❑ Traced back to different GENIE (own) tools: 

gevgen and gevgen_atmo

https://indico.kps.or.kr/event/30/contributions/297/
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❑ Reported to GENIE https://github.com/GENIE-MC/Generator/issues/226 (2022-09-30)

❑ Confirmed by GENIE expert (2022-10-14)

GENIE
Robert Hatcher

JUNO
QY

https://github.com/GENIE-MC/Generator/issues/226


Development (with approximate dates)

1. Robert Hatcher (GENIE): traced back to different neutrino directions input, as was w/ 3D atmospheric flux (2022-10-
24)

2. Used hydrogen instead of carbon (2023-02-18)

✓ Confirmed issue at nucleon (not nuclear) level

3. Looked at different channels:

✓ RES is not affected, problem is in DIS (2023-02-18)

4. Marco Roda (GENIE): Provided a method to run single channel for easier debug (2023-02-19)

5. Robert Hatcher (GENIE): Provided a patch to alter neutrino direction within gevgen (2023-02-21)

6. Guey-Lin Lin (JUNO): Suggested to look at pion (2022-12-08)
✓ Confirmed that pion is also affected (2023-03-01)

7. Looked at muon (2023-03-04)
✓ Muon not affected, only hadronic part affected 

8. Guey-Lin Lin (JUNO): Suggested to look at also angular distributions (2023-03-06)
✓ Confirmed that angles (in addition to energy) are also affected  

9. Costas Andreopoulos (GENIE): Use same random seed and compare results (2023-03-02)
✓ Powerful debug technique, and finally, traced back to the AGKYLowW model (low-W ”DIS”) (2023-03-08)
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Understanding AGKYLowW

• Andreopoulos-Gallagher-Kehayias-Yang https://link.springer.com/article/10.1140/epjc/s10052-009-
1094-z

• 3 different frames are involved in DIS event:

1. LAB frame

2. CMS frame of hadron system: LAB frame boosted against the motion of hadronic system 
(axes of Frames 1 and 2 are still parallel)

3. Hadronizer frame used by AGKY: rotate Frame 2 so that its z* axis is along the hadronic 
system motion seen in the LAB frame 

• The rotation in Frame 3 is not properly considered in GENIE (fixed in new release 3.4.0)
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https://link.springer.com/article/10.1140/epjc/s10052-009-1094-z
https://link.springer.com/article/10.1140/epjc/s10052-009-1094-z
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https://github.com/GENIE-MC/Generator/pull/264/commits/db1d74056a27c7825e1b2ca59b85d7798616fc3d

https://github.com/GENIE-MC/Generator/pull/264/commits/db1d74056a27c7825e1b2ca59b85d7798616fc3d
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• Bug in AGKYLowW model of GENIE fixed  

❑Significant impact when neutrino not along +z axis

❑Slight change if neutrino along +z axis

• Any DIS (in fact, SIS) heavy atmospheric neutrino simulation needs to update to GENIE v3.4.0
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http://releases.genie-mc.org/

Summary

http://releases.genie-mc.org/
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