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211 members from 50 institutions in 8 countries 
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⌫1
<latexit sha1_base64="smdZBdfiHXp4Sz/zg+6tlKK/DMk=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0nS2tZbQQSPFUxbaEPZbLft0s0m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXhBzprRtf1i5tfWNza38dmFnd2//oHh41FZRIgn1SMQj2Q2wopwJ6mmmOe3GkuIw4LQTTK8yv3NPpWKRuNOzmPohHgs2YgRrI3l9kQycQbFkly8bNffCRXbZtutupZYRt151K8gxSoZSE5ZoDYrv/WFEkpAKTThWqufYsfZTLDUjnM4L/UTRGJMpHtOeoQKHVPnp4tg5OjPKEI0iaUpotFC/T6Q4VGoWBqYzxHqifnuZ+JfXS/So4adMxImmgiwXjRKOdISyz9GQSUo0nxmCiWTmVkQmWGKiTT4FE8LXp+h/0nbLTqXs3lZLzetVHHk4gVM4Bwfq0IQbaIEHBBg8wBM8W8J6tF6s12VrzlrNHMMPWG+fQg6PBg==</latexit>

⌫2
<latexit sha1_base64="RmI82FgA38bNtaJL00sIPLkKth8=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9iktra3gggeK5i20Iay2W7apZtN2N0IJfQ3ePGgiFd/kDf/jZu2goo+GHi8N8PMvCDhTGmEPqzC2vrG5lZxu7Szu7d/UD486qg4lYR6JOax7AVYUc4E9TTTnPYSSXEUcNoNple5372nUrFY3OlZQv0IjwULGcHaSN5ApEN3WK4gG9VrTdSEyK4hp7EgCNUbbhU6huSotMAS7WH5fTCKSRpRoQnHSvUdlGg/w1Izwum8NEgVTTCZ4jHtGypwRJWfLY6dwzOjjGAYS1NCw4X6fSLDkVKzKDCdEdYT9dvLxb+8fqrDhp8xkaSaCrJcFKYc6hjmn8MRk5RoPjMEE8nMrZBMsMREm3xKJoSvT+H/pOPaTtV2by8qretVHEVwAk7BOXDAJWiBG9AGHiCAgQfwBJ4tYT1aL9brsrVgrWaOwQ9Yb59HnI8K</latexit>

⌫3
<latexit sha1_base64="NJGbP+6D54j/hurLyXHj97TxVvU=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lSqe2tIILHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0g4U9q2P6zC2vrG5lZxu7Szu7d/UD486qg4lYR6JOax7AVYUc4E9TTTnPYSSXEUcNoNple5372nUrFY3OlZQv0IjwULGcHaSN5ApMPasFyxq7ZBvY5y4jRsx5Bms+G6TeQsLNuutGCJ9rD8PhjFJI2o0IRjpfqOnWg/w1Izwum8NEgVTTCZ4jHtGypwRJWfLY6dozOjjFAYS1NCo4X6fSLDkVKzKDCdEdYT9dvLxb+8fqrDhp8xkaSaCrJcFKYc6Rjln6MRk5RoPjMEE8nMrYhMsMREm3xKJoSvT9H/pONWnVrVvb2otK5XcRThBE7hHBy4hBbcQBs8IMDgAZ7g2RLWo/VivS5bC9Zq5hh+wHr7BDlyjwE=</latexit>

⌫�
<latexit sha1_base64="0xE7onZyUIrsld2Lz4cfAKDz65k=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjKjre2u6MZlBfuQzlAyaaYNTTJDkhFK6Ve4caGIWz/HnX9j+hBU9MCFwzn3cu89UcqZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0kmmCG2ShCeqE2FNOZO0aZjhtJMqikXEaTsaXc389j1VmiXy1oxTGgo8kCxmBBsr3QUy6wURNbhXLCHXL6Na1YPIRRa+b0kZebVKBXpzBaFSHSzQ6BXfg35CMkGlIRxr3fVQasIJVoYRTqeFINM0xWSEB7RrqcSC6nAyP3gKT6zSh3GibEkD5+r3iQkWWo9FZDsFNkP925uJf3ndzMTVcMJkmhkqyWJRnHFoEjj7HvaZosTwsSWYKGZvhWSIFSbGZlSwIXx9Cv8nLd/1zlz/5rxUv1zGkQdH4BicAg9cgDq4Bg3QBAQI8ACewLOjnEfnxXldtOac5cwh+AHn7RN+65Dm</latexit>

⌫↵
<latexit sha1_base64="Qq2melG1Ijg94mRqnWpF/BQiq2Y=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZpiumu6MZlBfvAJpTJdNoOnUzCzEQooX/hxoUibv0bd/6N04egogcuHM65l3vviVLOlEbowyqsrW9sbhW3Szu7e/sH5cOjtkoySWiLJDyR3QgrypmgLc00p91UUhxHnHaiydXc79xTqVgibvU0pWGMR4INGcHaSHeByPoB5ukY98sVZNfryPN8iOwacl2vZgiqur7vQMdGC1QaYIlmv/weDBKSxVRowrFSPQelOsyx1IxwOisFmaIpJhM8oj1DBY6pCvPFxTN4ZpQBHCbSlNBwoX6fyHGs1DSOTGeM9Vj99ubiX14v00M/zJlIM00FWS4aZhzqBM7fhwMmKdF8aggmkplbIRljiYk2IZVMCF+fwv9J27Wdqu3eeJXG5SqOIjgBp+AcOOACNMA1aIIWIECAB/AEni1lPVov1uuytWCtZo7BD1hvn2LakWw=</latexit>



arXiv:2102.00594

�m2
12 = (7.42± 0.21)⇥ 10�5 eV2 (±2.8%)

<latexit sha1_base64="hE6aABIeeGOck5/FE2MKrevB0oY="></latexit>

�m2
23 = (2.510± 0.027)⇥ 10�3 eV2 (±1.1%)

<latexit sha1_base64="HkWJgNjCsZRvN+zIh+IavOY+iuA="></latexit>

NuFit, arXiv:2111.03086
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31� < ✓12 < 36�
<latexit sha1_base64="MVHE0GMjmM/yvlpPQQX6HIoX3vM="></latexit>

8.2� < ✓13 < 9.0�
<latexit sha1_base64="ckSR1ZGO3bOF7r5sKN9b0DBMWJs="></latexit>

40� < ✓23 < 52�
<latexit sha1_base64="L+Wqh9cLdQf4hlFc6Zx5Yq+yWPw="></latexit>

normal ordering inverted ordering



Inspirations from P5

• Under the heading “Deciphering the Quantum Realm”, P5 calls for us to 
“Elucidate the Mysteries of Neutrinos”. NOvA addresses each of the main 
questions posed:

• The ordering of the neutrino masses

• Precision studies including exploration of muon-tau symmetry

• Search for and measure CP violation

• Searches for physics beyond the (ν) Standard Model


• 2008: “Recommends a world-class neutrino program as a core of the US 
program”, “upgrade the neutrino source to 700 kW” and “rapid NOvA 
construction start”.


• 2014: NOvA operations just beginning; P5 formulated what is now DUNE; first 
step is a recommended upgrade of the proton source to 1.2 MW.


• 2023: Recommendation 1: “…support operations of ongoing experiments and 
research to enable maximum science” and reaffirms “major initiatives” including 
NOvA

https://science.osti.gov/-/media/hep/pdf/files/pdfs/p5_report_06022008.pdf 
https://www.usparticlephysics.org/wp-content/uploads/2018/03/FINAL_P5_Report_053014.pdf 
https://www.usparticlephysics.org/2023-p5-report/decipher-the-quantum-realm.html
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https://science.osti.gov/-/media/hep/pdf/files/pdfs/p5_report_06022008.pdf
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⌫µ
<latexit sha1_base64="5zR4qjlzsTf0tuVeXHFYV34qIpw=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4CjMxoMegF48RzAKZIfR0epIm3T1DL0IY8hFePCji1e/x5t/YWQ6a+KDg8V4VVfXijDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8N/M7T1RplspHM8loJPBQsoQRbJzUCaXth8L2yxW/6s+B1kmwJJUGLNDsl7/CQUqsoNIQjrXuBX5mohwrwwin01JoNc0wGeMh7TkqsaA6yufnTtGFUwYoSZUradBc/T2RY6H1RMSuU2Az0qveTPzP61mT3EQ5k5k1VJLFosRyZFI0+x0NmKLE8IkjmCjmbkVkhBUmxiVUciEEqy+vk3atGlxVaw/1SuN2GUcRzuAcLiGAa2jAPTShBQTG8Ayv8OZl3ov37n0sWgvecuYU/sD7/AHEPI/g</latexit>

⌫̄µ
<latexit sha1_base64="QVra8vVnhz/VWq//xg3O10zWgRI=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFewDOkPJpGkbmmTGJFMoQ7/DjQtF3Pox7vwbM20FFT1w4XDOvdx7TxgzqrTjfFi5tfWNza38dmFnd2//oHh41FZRIjFp4YhFshsiRRgVpKWpZqQbS4J4yEgnnFxnfmdKpKKRuNOzmAQcjQQdUoy0kQI/RDL1RTLv+zzpF0uOfVmvehcedGzHqXnlaka8WsUrQ9coGUoNsESzX3z3BxFOOBEaM6RUz3ViHaRIaooZmRf8RJEY4QkakZ6hAnGignRx9ByeGWUAh5E0JTRcqN8nUsSVmvHQdHKkx+q3l4l/eb1ED+tBSkWcaCLwctEwYVBHMEsADqgkWLOZIQhLam6FeIwkwtrkVDAhfH0K/ydtz3bLtndbKTWuVnHkwQk4BefABTXQADegCVoAg3vwAJ7AszW1Hq0X63XZmrNWM8fgB6y3T/Qvkuk=</latexit>

⌫e + ⌫̄e
<latexit sha1_base64="e/yVF+bXrjlcmsy6QaWjztcr2t8=">AAAB/HicdVDLSgMxFM3UV62vapdugkUQhDJTW2t3RTcuK9gHdIYhk962oZnMkGSEMtRfceNCEbd+iDv/xvQhqOiBCyfn3EvuPUHMmdK2/WFlVlbX1jeym7mt7Z3dvfz+QVtFiaTQohGPZDcgCjgT0NJMc+jGEkgYcOgE46uZ37kDqVgkbvUkBi8kQ8EGjBJtJD9fcEXiAz7FbkBkah5TH/x80S5VbadereMFqVWW5LyKnZI9R7GBFmj6+Xe3H9EkBKEpJ0r1HDvWXkqkZpTDNOcmCmJCx2QIPUMFCUF56Xz5KT42Sh8PImlKaDxXv0+kJFRqEgamMyR6pH57M/Evr5fowYWXMhEnGgRdfDRIONYRniWB+0wC1XxiCKGSmV0xHRFJqDZ55UwIX5fi/0m7XHLOSuWbSrFxuYwjiw7RETpBDqqhBrpGTdRCFE3QA3pCz9a99Wi9WK+L1oy1nCmgH7DePgHecpT4</latexit>

95%
4%
1%

Flux 1-5 GeV
—

⌫̄µ
<latexit sha1_base64="QVra8vVnhz/VWq//xg3O10zWgRI=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFewDOkPJpGkbmmTGJFMoQ7/DjQtF3Pox7vwbM20FFT1w4XDOvdx7TxgzqrTjfFi5tfWNza38dmFnd2//oHh41FZRIjFp4YhFshsiRRgVpKWpZqQbS4J4yEgnnFxnfmdKpKKRuNOzmAQcjQQdUoy0kQI/RDL1RTLv+zzpF0uOfVmvehcedGzHqXnlaka8WsUrQ9coGUoNsESzX3z3BxFOOBEaM6RUz3ViHaRIaooZmRf8RJEY4QkakZ6hAnGignRx9ByeGWUAh5E0JTRcqN8nUsSVmvHQdHKkx+q3l4l/eb1ED+tBSkWcaCLwctEwYVBHMEsADqgkWLOZIQhLam6FeIwkwtrkVDAhfH0K/ydtz3bLtndbKTWuVnHkwQk4BefABTXQADegCVoAg3vwAJ7AszW1Hq0X63XZmrNWM8fgB6y3T/Qvkuk=</latexit>⌫µ

<latexit sha1_base64="5zR4qjlzsTf0tuVeXHFYV34qIpw=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4CjMxoMegF48RzAKZIfR0epIm3T1DL0IY8hFePCji1e/x5t/YWQ6a+KDg8V4VVfXijDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8N/M7T1RplspHM8loJPBQsoQRbJzUCaXth8L2yxW/6s+B1kmwJJUGLNDsl7/CQUqsoNIQjrXuBX5mohwrwwin01JoNc0wGeMh7TkqsaA6yufnTtGFUwYoSZUradBc/T2RY6H1RMSuU2Az0qveTPzP61mT3EQ5k5k1VJLFosRyZFI0+x0NmKLE8IkjmCjmbkVkhBUmxiVUciEEqy+vk3atGlxVaw/1SuN2GUcRzuAcLiGAa2jAPTShBQTG8Ayv8OZl3ov37n0sWgvecuYU/sD7/AHEPI/g</latexit>

⌫e + ⌫̄e
<latexit sha1_base64="e/yVF+bXrjlcmsy6QaWjztcr2t8=">AAAB/HicdVDLSgMxFM3UV62vapdugkUQhDJTW2t3RTcuK9gHdIYhk962oZnMkGSEMtRfceNCEbd+iDv/xvQhqOiBCyfn3EvuPUHMmdK2/WFlVlbX1jeym7mt7Z3dvfz+QVtFiaTQohGPZDcgCjgT0NJMc+jGEkgYcOgE46uZ37kDqVgkbvUkBi8kQ8EGjBJtJD9fcEXiAz7FbkBkah5TH/x80S5VbadereMFqVWW5LyKnZI9R7GBFmj6+Xe3H9EkBKEpJ0r1HDvWXkqkZpTDNOcmCmJCx2QIPUMFCUF56Xz5KT42Sh8PImlKaDxXv0+kJFRqEgamMyR6pH57M/Evr5fowYWXMhEnGgRdfDRIONYRniWB+0wC1XxiCKGSmV0xHRFJqDZ55UwIX5fi/0m7XHLOSuWbSrFxuYwjiw7RETpBDqqhBrpGTdRCFE3QA3pCz9a99Wi9WK+L1oy1nCmgH7DePgHecpT4</latexit>

93%
6%
1%

Flux 1-5 GeV
—

27×1020 POT 13×1020 POT
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⌫µ
<latexit sha1_base64="5zR4qjlzsTf0tuVeXHFYV34qIpw=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4CjMxoMegF48RzAKZIfR0epIm3T1DL0IY8hFePCji1e/x5t/YWQ6a+KDg8V4VVfXijDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8N/M7T1RplspHM8loJPBQsoQRbJzUCaXth8L2yxW/6s+B1kmwJJUGLNDsl7/CQUqsoNIQjrXuBX5mohwrwwin01JoNc0wGeMh7TkqsaA6yufnTtGFUwYoSZUradBc/T2RY6H1RMSuU2Az0qveTPzP61mT3EQ5k5k1VJLFosRyZFI0+x0NmKLE8IkjmCjmbkVkhBUmxiVUciEEqy+vk3atGlxVaw/1SuN2GUcRzuAcLiGAa2jAPTShBQTG8Ayv8OZl3ov37n0sWgvecuYU/sD7/AHEPI/g</latexit>

⌫̄µ
<latexit sha1_base64="QVra8vVnhz/VWq//xg3O10zWgRI=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFewDOkPJpGkbmmTGJFMoQ7/DjQtF3Pox7vwbM20FFT1w4XDOvdx7TxgzqrTjfFi5tfWNza38dmFnd2//oHh41FZRIjFp4YhFshsiRRgVpKWpZqQbS4J4yEgnnFxnfmdKpKKRuNOzmAQcjQQdUoy0kQI/RDL1RTLv+zzpF0uOfVmvehcedGzHqXnlaka8WsUrQ9coGUoNsESzX3z3BxFOOBEaM6RUz3ViHaRIaooZmRf8RJEY4QkakZ6hAnGignRx9ByeGWUAh5E0JTRcqN8nUsSVmvHQdHKkx+q3l4l/eb1ED+tBSkWcaCLwctEwYVBHMEsADqgkWLOZIQhLam6FeIwkwtrkVDAhfH0K/ydtz3bLtndbKTWuVnHkwQk4BefABTXQADegCVoAg3vwAJ7AszW1Hq0X63XZmrNWM8fgB6y3T/Qvkuk=</latexit>

⌫e + ⌫̄e
<latexit sha1_base64="e/yVF+bXrjlcmsy6QaWjztcr2t8=">AAAB/HicdVDLSgMxFM3UV62vapdugkUQhDJTW2t3RTcuK9gHdIYhk962oZnMkGSEMtRfceNCEbd+iDv/xvQhqOiBCyfn3EvuPUHMmdK2/WFlVlbX1jeym7mt7Z3dvfz+QVtFiaTQohGPZDcgCjgT0NJMc+jGEkgYcOgE46uZ37kDqVgkbvUkBi8kQ8EGjBJtJD9fcEXiAz7FbkBkah5TH/x80S5VbadereMFqVWW5LyKnZI9R7GBFmj6+Xe3H9EkBKEpJ0r1HDvWXkqkZpTDNOcmCmJCx2QIPUMFCUF56Xz5KT42Sh8PImlKaDxXv0+kJFRqEgamMyR6pH57M/Evr5fowYWXMhEnGgRdfDRIONYRniWB+0wC1XxiCKGSmV0xHRFJqDZ55UwIX5fi/0m7XHLOSuWbSrFxuYwjiw7RETpBDqqhBrpGTdRCFE3QA3pCz9a99Wi9WK+L1oy1nCmgH7DePgHecpT4</latexit>

95%
4%
1%

Flux 1-5 GeV
—

⌫̄µ
<latexit sha1_base64="QVra8vVnhz/VWq//xg3O10zWgRI=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFewDOkPJpGkbmmTGJFMoQ7/DjQtF3Pox7vwbM20FFT1w4XDOvdx7TxgzqrTjfFi5tfWNza38dmFnd2//oHh41FZRIjFp4YhFshsiRRgVpKWpZqQbS4J4yEgnnFxnfmdKpKKRuNOzmAQcjQQdUoy0kQI/RDL1RTLv+zzpF0uOfVmvehcedGzHqXnlaka8WsUrQ9coGUoNsESzX3z3BxFOOBEaM6RUz3ViHaRIaooZmRf8RJEY4QkakZ6hAnGignRx9ByeGWUAh5E0JTRcqN8nUsSVmvHQdHKkx+q3l4l/eb1ED+tBSkWcaCLwctEwYVBHMEsADqgkWLOZIQhLam6FeIwkwtrkVDAhfH0K/ydtz3bLtndbKTWuVnHkwQk4BefABTXQADegCVoAg3vwAJ7AszW1Hq0X63XZmrNWM8fgB6y3T/Qvkuk=</latexit>⌫µ

<latexit sha1_base64="5zR4qjlzsTf0tuVeXHFYV34qIpw=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4CjMxoMegF48RzAKZIfR0epIm3T1DL0IY8hFePCji1e/x5t/YWQ6a+KDg8V4VVfXijDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8N/M7T1RplspHM8loJPBQsoQRbJzUCaXth8L2yxW/6s+B1kmwJJUGLNDsl7/CQUqsoNIQjrXuBX5mohwrwwin01JoNc0wGeMh7TkqsaA6yufnTtGFUwYoSZUradBc/T2RY6H1RMSuU2Az0qveTPzP61mT3EQ5k5k1VJLFosRyZFI0+x0NmKLE8IkjmCjmbkVkhBUmxiVUciEEqy+vk3atGlxVaw/1SuN2GUcRzuAcLiGAa2jAPTShBQTG8Ayv8OZl3ov37n0sWgvecuYU/sD7/AHEPI/g</latexit>

⌫e + ⌫̄e
<latexit sha1_base64="e/yVF+bXrjlcmsy6QaWjztcr2t8=">AAAB/HicdVDLSgMxFM3UV62vapdugkUQhDJTW2t3RTcuK9gHdIYhk962oZnMkGSEMtRfceNCEbd+iDv/xvQhqOiBCyfn3EvuPUHMmdK2/WFlVlbX1jeym7mt7Z3dvfz+QVtFiaTQohGPZDcgCjgT0NJMc+jGEkgYcOgE46uZ37kDqVgkbvUkBi8kQ8EGjBJtJD9fcEXiAz7FbkBkah5TH/x80S5VbadereMFqVWW5LyKnZI9R7GBFmj6+Xe3H9EkBKEpJ0r1HDvWXkqkZpTDNOcmCmJCx2QIPUMFCUF56Xz5KT42Sh8PImlKaDxXv0+kJFRqEgamMyR6pH57M/Evr5fowYWXMhEnGgRdfDRIONYRniWB+0wC1XxiCKGSmV0xHRFJqDZ55UwIX5fi/0m7XHLOSuWbSrFxuYwjiw7RETpBDqqhBrpGTdRCFE3QA3pCz9a99Wi9WK+L1oy1nCmgH7DePgHecpT4</latexit>

93%
6%
1%

Flux 1-5 GeV
—

New NuMI power record: 1.018 MW
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Fermilab JETP Seminars From NOvA

28 June 2024 New 3-flavor neutrino oscillation 
results from NOvA

Erika Catano-Mur (William & 
Mary)

22 March 2024

Measurement of the Triple-Differential 
Muon-Antineutrino Charged-Current 
Inclusive Cross Section in the NOvA 
Near Detector

Prabhjot Singh (Queen Mary 
University London)

09 February 2024 Results from a joint analysis of data 
from NOvA and T2K Zoya Vallari (Caltech)

02 February 2024
Exploring signatures in muon-neutrino 
charged-current measurements at 
NOvA

Leonidas Aliaga Soplin (UT 
Arlington) & Travis Olson 
(University of Houston)
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NOvA PHDs July 2023 - July 2024

(1) 7/2023
Constraining neutrino oscillation and interaction parameters with 
the NOvA Near Detector and Far Detector data using Markov 
Chain Monte Carlo


Michael Dolce, Tufts University

(2) 7/2023
A measurement of muon neutrino charged-current interactions with 
a charged pion in the final state using the NOvA near detector
 Paul Rojas, Colorado State University

(3) 7/2023 Measurement of the Total Cross-Section of Muon Neutrino 
Charged-Current Coherent Pion Production in NOvA Near Detector

Kuruppumullage Don Chatura Dilshan 
Kuruppu, University of South Carolina

(4) 8/2023 Constraining neutrino interaction uncertainties for oscillation 
measurements in the NOvA experiment using Near Detector data

Maria Martinez-Casales, Iowa State 
University

(5) 8/2023 Measurement of the muon neutrino charged-current single charged 
pion production cross-section in the NOvA Near Detector

Cathal Sweeney, University College 
London, UK

(6) 9/2023 Study of neutron detector response and related systematic 
uncertainties in the NOvA oscillation analysis

Miranda Rabelhofer, Iowa State 
University

(7) 10/2023 Improving the NOvA 3-Flavour Neutrino Oscillation Analysis Veera Mikola, University College London, 
UK

(8) 1/2024 Analysis of neutrino interactions for the search of supernova 
signals

Andrey Sheshukov, Joint Insitute of 
Nuclear Research

(9) 4/2024 BSM Studies Using Long-baseline Neutrino Experiment Barnali Brahma, Indian Institute of 
Technology Hyderabad

(10) 5/2024
Classification of particles with a convolutional neural network for 
neutrino and antineutrino events in the NOvA experiment
 Akshay Chatla, University of Hyderabad13



Near detector 
measurements

High statistics measurements at near detector 
provide reliable extrapolation to far detector 
and opportunities for cross-section 
measurements.
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From, “Measurement of the Triple-Differential Muon-Antineutrino Charged-Current Inclusive Cross Section in the NOvA”, JETP 22 March 2024

0.50 < cos θμ < 0.74 0.74 < cos θμ < 0.80 0.80 < cos θμ < 0.85 0.85 < cos θμ < 0.88

0.88 < cos θμ < 0.91 0.91 < cos θμ < 0.94 0.94 < cos θμ < 0.96 0.96 < cos θμ < 0.98

0.98 < cos θμ < 0.99 0.99 < cos θμ < 1.00

14% of data sample with Eavail between 300 and 600 MeV
Interaction category

quasi-elastic meson exchange resonant production deep-inelastic Other

4% 1% 68% 22% 5% 15



Measurement of total inclusive cross-section

Theoretical treatments of 2p2h-meson exchange currents 
systematically underestimate the total cross-section. 

Empirical treatments (GENIE tuned by NOvA, eg.) are better 
matches to the data. “2p2h” scattering

From, “Exploring 2p2h signatures in muon-neutrino charged-current measurements at NOvA”, JETP 2 February 2024
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E = 2.1 GeV

NOvA - FNAL E929
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NOvA - FNAL E929
Run:   41554 / 26
Event: 1810 / NuMI

UTC Tue Nov 16, 2021
06:36:34.854617280
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E = 2.0 GeV
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Observed 384 106
Predicted background 11 2 19
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low energy

Observed 169 12 32
Predicted background 55 7 12 20
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NOvA’s is the best single-experiment measurement.
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NOvA data, combined with reactor measurements, prefer 
normal ordering with a Bayes factor of 6.8 
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• NOvA data prefer regions where the effects of matter and CP phase cancel. 
• Regions where these add (NO, 3π/2) & (IO, π/2) are largely ruled out. 
• If the ordering is inverted, CP conserving values of δ (0, π, 2π) are ruled out at 3σ.

25



NOvA - T2K Joint Fit

• Individual experiments (T2K in red and NOvA in blue) favor normal ordering, but fit together 
(black, dashed) there is no preference normal ordering vs. inverted ordering 

• δCP = π/2 excluded at 3σ 
• δCP unconstrained in NO, δCP=0, π excluded at 3σ in IO 
• This joint fit uses 2020 data sets. Future joint-fits will be a topic of a workshop later this year.

26

Normal mass ordering Inverted mass ordering



Summary and conclusions

• This year NOvA released new data, doubling its neutrino data set 
and NuMI set beam power record of 1 MW 
• Best single experiment measurement of Δm232 (1.5%) 
• Slight preference for θ23 in upper octant, maximal (μ/τ-symmetric) θ23 is a 

very good fit 
• Data prefer oscillation parameters to be in region where effects of matter 

an CP phase cancel. 
• Interpretation of CP violation strongly coupled to mass ordering resolution 

• NuMI will continue operations through end of CY2026 
• Our goal is to double antineutrino data set. 
• Will either show that the oscillation parameters are in the degenerate 

region or resolve the mass ordering at ~2σ.
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