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0.4 fm/c

<latexit sha1_base64="7nz6hIORkALHsFp/c9hEkX+kbAw=">AAAB+XicjVDLSgNBEOz1GeNr1aOXwSB4WjcS0WPQi8cI5gHJEmYns8mQmd1lpjcYlvyJFw+KePVPvPk3Th4HFQULGoqqbrqoMJXCoO9/OEvLK6tr64WN4ubW9s6uu7ffMEmmGa+zRCa6FVLDpYh5HQVK3ko1pyqUvBkOr6d+c8S1EUl8h+OUB4r2YxEJRtFKXdf1vQrpIL/HnETqlE26bqns+TOQv0kJFqh13fdOL2GZ4jEySY1pl/0Ug5xqFEzySbGTGZ5SNqR93rY0poqbIJ8ln5Bjq/RIlGg7MZKZ+vUip8qYsQrtpqI4MD+9qfib184wugxyEacZ8pjNH0WZJJiQaQ2kJzRnKMeWUKaFzUrYgGrK0JZV/F8JjTOvXPHObyul6tWijgIcwhGcQBkuoAo3UIM6MBjBAzzBs5M7j86L8zpfXXIWNwfwDc7bJwrMkqY=</latexit>

6 fm/c

<latexit sha1_base64="NOxzPyMRw6ai2lF5gkT21Zbg/cA=">AAAB9XicjVDLSgNBEJz1GeMr6tHLYBA8xV2Jj2PQi8cI5gHJGmYnvcmQmd1lplcNS/7DiwdFvPov3vwbJ4+DioIFDUVVN11UkEhh0HU/nLn5hcWl5dxKfnVtfWOzsLVdN3GqOdR4LGPdDJgBKSKooUAJzUQDU4GERjC4GPuNW9BGxNE1DhPwFetFIhScoZVuTmgb4R4zGqpDPuoUil7JnYD+TYpkhmqn8N7uxjxVECGXzJiW5yboZ0yj4BJG+XZqIGF8wHrQsjRiCoyfTVKP6L5VujSMtZ0I6UT9epExZcxQBXZTMeybn95Y/M1rpRie+ZmIkhQh4tNHYSopxnRcAe0KDRzl0BLGtbBZKe8zzTjaovL/K6F+VPLKpeOrcrFyPqsjR3bJHjkgHjklFXJJqqRGONHkgTyRZ+fOeXRenNfp6pwzu9kh3+C8fQK4MpIF</latexit>

⇠ 1 fm/c

<latexit sha1_base64="eHvlc7cCCoGTm7TH3PgGF4r95ws=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBOp6LHoxWMF+wFNKJvtpl26m4TdiRhC/StePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzdJWeXtnd2/fPjhs6zhVlLVoLGLVDYhmgkesBRwE6yaKERkI1gnGN1O/88CU5nF0D1nCfEmGEQ85JWCkvl3xNJfYxR6wR8hxKM/opG9XnZozA14mbkGqqECzb395g5imkkVABdG65zoJ+DlRwKlgk7KXapYQOiZD1jM0IpJpP58dP8EnRhngMFamIsAz9fdETqTWmQxMpyQw0oveVPzP66UQXvk5j5IUWETni8JUYIjxNAk84IpREJkhhCpubsV0RBShYPIqmxDcxZeXSfu85tZrF3f1auO6iKOEjtAxOkUuukQNdIuaqIUoytAzekVv1pP1Yr1bH/PWFauYqaA/sD5/AKjRlCU=</latexit>

⇠ 10 fm/c

<latexit sha1_base64="FdMYE0r4iDTvUKsDmzD/2x6IzrU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5pIRZdFNy4r2Ac0oUymk3boTBJmbsQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5AIrsFxvq3C0vLK6lpxvbSxubW9Y+/uNXWcKsoaNBaxagdEM8Ej1gAOgrUTxYgMBGsFw+uJ37pnSvM4uoNRwnxJ+hEPOSVgpK594GkusetgD9gDZDiUp3TctctOxZkCLxI3J2WUo961v7xeTFPJIqCCaN1xnQT8jCjgVLBxyUs1Swgdkj7rGBoRybSfTa8f42Oj9HAYK1MR4Kn6eyIjUuuRDEynJDDQ895E/M/rpBBe+hmPkhRYRGeLwlRgiPEkCtzjilEQI0MIVdzciumAKELBBFYyIbjzLy+S5lnFrVbOb6vl2lUeRxEdoiN0glx0gWroBtVRA1H0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDGy2UXw==</latexit>

time

energy

⇠ 1 GeV

<latexit sha1_base64="Aq6dfdBvveG0AjKZFgZ9oJAM9a0=">AAAB+3icbVDLSgNBEJyNrxhfMR69DAbBU9gVRY9BD3qMYB6QLGF20psMmdldZnolYcmvePGgiFd/xJt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geFhqmDjVHOo8lrFuBcyAFBHUUaCEVqKBqUBCMxjeTv3mE2gj4ugRxwn4ivUjEQrO0ErdYqljhKIe7SCMMKN30Jh0i2W34s5AV4m3IGWyQK1b/Or0Yp4qiJBLZkzbcxP0M6ZRcAmTQic1kDA+ZH1oWxoxBcbPZrdP6KlVejSMta0I6Uz9PZExZcxYBbZTMRyYZW8q/ue1Uwyv/UxESYoQ8fmiMJUUYzoNgvaEBo5ybAnjWthbKR8wzTjauAo2BG/55VXSOK94F5XLh4ty9WYRR54ckxNyRjxyRarkntRInXAyIs/klbw5E+fFeXc+5q05ZzFzRP7A+fwB5xSTuA==</latexit>

Heavy-ion collisions

hadron gashydrodynamicsfar from equilibrium initial state

low 𝑝!
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0.4 fm/c
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6 fm/c
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high energy scatterings

⇠ 1 fm/c
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⇠ 10 fm/c
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time

energy loss

energy

⇠ 1 GeV

<latexit sha1_base64="Aq6dfdBvveG0AjKZFgZ9oJAM9a0=">AAAB+3icbVDLSgNBEJyNrxhfMR69DAbBU9gVRY9BD3qMYB6QLGF20psMmdldZnolYcmvePGgiFd/xJt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geFhqmDjVHOo8lrFuBcyAFBHUUaCEVqKBqUBCMxjeTv3mE2gj4ugRxwn4ivUjEQrO0ErdYqljhKIe7SCMMKN30Jh0i2W34s5AV4m3IGWyQK1b/Or0Yp4qiJBLZkzbcxP0M6ZRcAmTQic1kDA+ZH1oWxoxBcbPZrdP6KlVejSMta0I6Uz9PZExZcxYBbZTMRyYZW8q/ue1Uwyv/UxESYoQ8fmiMJUUYzoNgvaEBo5ybAnjWthbKR8wzTjauAo2BG/55VXSOK94F5XLh4ty9WYRR54ckxNyRjxyRarkntRInXAyIs/klbw5E+fFeXc+5q05ZzFzRP7A+fwB5xSTuA==</latexit>

⇠ 100 GeV

<latexit sha1_base64="5u4T7cvvmoy8cOFNUaeKkVmtlEw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5iRiB6DHvQYwSyQCaGnU0ma9Cx014hxCP6KFw+KePU/vPk3dpI5aOKDgsd7VVTV82MpNDrOt5VbWl5ZXcuvFzY2t7Z37N29uo4SxaHGIxmpps80SBFCDQVKaMYKWOBLaPjDq4nfuAelRRTe4SiGdsD6oegJztBIHfvA0yKgruNQD+EBU3oN9XHHLjolZwq6SNyMFEmGasf+8roRTwIIkUumdct1YmynTKHgEsYFL9EQMz5kfWgZGrIAdDudXj+mx0bp0l6kTIVIp+rviZQFWo8C33QGDAd63puI/3mtBHsX7VSEcYIQ8tmiXiIpRnQSBe0KBRzlyBDGlTC3Uj5ginE0gRVMCO78y4ukflpyy6Wz23KxcpnFkSeH5IicEJeckwq5IVVSI5w8kmfySt6sJ+vFerc+Zq05K5vZJ39gff4Ay4uULA==</latexit>

Heavy-ion collisions

hadron gashydrodynamicsfar from equilibrium initial state

high 𝑝!

low 𝑝!
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Interpreting jet modification in
heavy-ion collisions

Far-from-equilibrium dynamics and 
thermalization in kinetic theory

Small collision systems: intersection of quenching and equilibration

high 𝑝!

low 𝑝!

Research directions
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Jet modification in QCD medium

Jasmine Brewer (CERN)

high 𝑝!

Interpretation of jet substructure 
modification

Fractional energy loss

Measured

True distribution

JB, Brodsky, Rajagopal [2110.13159]
Ongoing work with Quinn Brodsky
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Jet modification in QCD medium

Jasmine Brewer (CERN)

high 𝑝!

Interpretation of jet substructure 
modification

Separating quark and gluon jet
modification Fractional energy loss

Measured

True distribution

JB, Brodsky, Rajagopal [2110.13159]
Ongoing work with Quinn Brodsky

JB, Turner, Thaler [2008.08596]
With Kylie Ying, Yen-Jie Lee, Yi Chen (forthcoming)
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Jet modification in QCD medium

Jasmine Brewer (CERN)

high 𝑝!

Interpretation of jet substructure 
modification

Separating quark and gluon jet
modification Fractional energy loss

Measured

True distribution

Delayed probe of QGP with 𝑔 → 𝑐 ̅𝑐

JB, Brodsky, Rajagopal [2110.13159]
Ongoing work with Quinn Brodsky

JB, Turner, Thaler [2008.08596]
With Kylie Ying, Yen-Jie Lee, Yi Chen (forthcoming)

c̄

<latexit sha1_base64="19SLW8lPLkhwJjO8T14927LcOc4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4r2A9oQ5lsN+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M39zhNTmsfy0UwT5kc4kjzkFI2VOv0AVUZng3LFrboLkHXi5aQCOZqD8ld/GNM0YtJQgVr3PDcxfobKcCrYrNRPNUuQTnDEepZKjJj2s8W5M3JhlSEJY2VLGrJQf09kGGk9jQLbGaEZ61VvLv7n9VIT3vgZl0lqmKTLRWEqiInJ/Hcy5IpRI6aWIFXc3kroGBVSYxMq2RC81ZfXSfuq6tWq9YdapXGbx1GEMziHS/DgGhpwD01oAYUJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP4anj7Q=</latexit>

c

<latexit sha1_base64="FJ2Ox4tQNG4fYITFxmsgq3FfibQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHyP2M7w==</latexit>

CERN HI group project
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low 𝑝!

hydrodynamics?far from equilibrium
time

kinetic theory @⌧f � pz
⌧
@pzf = �C[f ]

<latexit sha1_base64="Wk9hhnHThEf1pEMNiu5AlHB1dL4=">AAACJXicbVBLS8NAGNzUV62vqEcvi0Xw0pJIRQ8KxV48VrAPaELYbDft0s2D3Y1QQ/6MF/+KFw8WETz5V9ykQbR1YGGYmW93v3EjRoU0jE+ttLK6tr5R3qxsbe/s7un7B10RxhyTDg5ZyPsuEoTRgHQklYz0I06Q7zLScyetzO89EC5oGNzLaURsH40C6lGMpJIc/cqKEJcUMceSKIYehDVoeRzhJHIe0yQTU/iTyUUVuoa11sCzHb1q1I0ccJmYBamCAm1Hn1nDEMc+CSRmSIiBaUTSTrLbMSNpxYoFiRCeoBEZKBognwg7ybdM4YlShtALuTqBhLn6eyJBvhBT31VJH8mxWPQy8T9vEEvv0k5oEMWSBHj+kBczKEOYVQaHlBMs2VQRhDlVf4V4jFRHUhVbUSWYiysvk+5Z3WzUz+8a1eZNUUcZHIFjcApMcAGa4Ba0QQdg8ARewBuYac/aq/aufcyjJa2YOQR/oH19A+UvpN0=</latexit>

expansion collisions
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low 𝑝!

Far-from-equilibrium scaling of 
distribution function

Equilibration of momentum-space anisotropy

hydrodynamics?far from equilibrium
time

Scaled gluon distribution

With Weiyao Ke, Li Yan, and Yi Yin (forthcoming)

With Bruno Scheihing-Hitschfeld and Yi Yin (forthcoming)

kinetic theory @⌧f � pz
⌧
@pzf = �C[f ]

<latexit sha1_base64="Wk9hhnHThEf1pEMNiu5AlHB1dL4=">AAACJXicbVBLS8NAGNzUV62vqEcvi0Xw0pJIRQ8KxV48VrAPaELYbDft0s2D3Y1QQ/6MF/+KFw8WETz5V9ykQbR1YGGYmW93v3EjRoU0jE+ttLK6tr5R3qxsbe/s7un7B10RxhyTDg5ZyPsuEoTRgHQklYz0I06Q7zLScyetzO89EC5oGNzLaURsH40C6lGMpJIc/cqKEJcUMceSKIYehDVoeRzhJHIe0yQTU/iTyUUVuoa11sCzHb1q1I0ccJmYBamCAm1Hn1nDEMc+CSRmSIiBaUTSTrLbMSNpxYoFiRCeoBEZKBognwg7ybdM4YlShtALuTqBhLn6eyJBvhBT31VJH8mxWPQy8T9vEEvv0k5oEMWSBHj+kBczKEOYVQaHlBMs2VQRhDlVf4V4jFRHUhVbUSWYiysvk+5Z3WzUz+8a1eZNUUcZHIFjcApMcAGa4Ba0QQdg8ARewBuYac/aq/aufcyjJa2YOQR/oH19A+UvpN0=</latexit>

expansion collisions
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Heavy-ion collisions

Pushing our knowledge of heavy-ion physics in smaller systems

⇠ 1 fm/c

<latexit sha1_base64="eHvlc7cCCoGTm7TH3PgGF4r95ws=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBOp6LHoxWMF+wFNKJvtpl26m4TdiRhC/StePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzdJWeXtnd2/fPjhs6zhVlLVoLGLVDYhmgkesBRwE6yaKERkI1gnGN1O/88CU5nF0D1nCfEmGEQ85JWCkvl3xNJfYxR6wR8hxKM/opG9XnZozA14mbkGqqECzb395g5imkkVABdG65zoJ+DlRwKlgk7KXapYQOiZD1jM0IpJpP58dP8EnRhngMFamIsAz9fdETqTWmQxMpyQw0oveVPzP66UQXvk5j5IUWETni8JUYIjxNAk84IpREJkhhCpubsV0RBShYPIqmxDcxZeXSfu85tZrF3f1auO6iKOEjtAxOkUuukQNdIuaqIUoytAzekVv1pP1Yr1bH/PWFauYqaA/sD5/AKjRlCU=</latexit>

⇠ 10 fm/c

<latexit sha1_base64="FdMYE0r4iDTvUKsDmzD/2x6IzrU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5pIRZdFNy4r2Ac0oUymk3boTBJmbsQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5AIrsFxvq3C0vLK6lpxvbSxubW9Y+/uNXWcKsoaNBaxagdEM8Ej1gAOgrUTxYgMBGsFw+uJ37pnSvM4uoNRwnxJ+hEPOSVgpK594GkusetgD9gDZDiUp3TctctOxZkCLxI3J2WUo961v7xeTFPJIqCCaN1xnQT8jCjgVLBxyUs1Swgdkj7rGBoRybSfTa8f42Oj9HAYK1MR4Kn6eyIjUuuRDEynJDDQ895E/M/rpBBe+hmPkhRYRGeLwlRgiPEkCtzjilEQI0MIVdzciumAKELBBFYyIbjzLy+S5lnFrVbOb6vl2lUeRxEdoiN0glx0gWroBtVRA1H0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDGy2UXw==</latexit>

time

time
⇠ few fm/c

<latexit sha1_base64="Ybp4rR/i8aBRQ+czvvhwbYqVWcA=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxA8xRmJ6DHoxWMEs0ASQk+nJmnSPTN016hxCP6KFw+KePU/vPk3dpaDJj4oeLxXRVU9P5bCoOt+OwuLS8srq5m17PrG5tZ2bme3aqJEc6jwSEa67jMDUoRQQYES6rEGpnwJNb9/NfJrd6CNiMJbHMTQUqwbikBwhlZq5/abRijaRHjANIB7GqgTPmzn8m7BHYPOE29K8mSKcjv31exEPFEQIpfMmIbnxthKmUbBJQyzzcRAzHifdaFhacgUmFY6vn5Ij6zSoUGkbYVIx+rviZQpYwbKt52KYc/MeiPxP6+RYHDRSkUYJwghnywKEkkxoqMoaEdo4CgHljCuhb2V8h7TjKMNLGtD8GZfnifV04JXLJzdFPOly2kcGXJADskx8cg5KZFrUiYVwskjeSav5M15cl6cd+dj0rrgTGf2yB84nz9Js5Ug</latexit>

Smaller systems (e.g. p-Pb, O-O)

hadron gashydrodynamicsfar from equilibrium initial state

high energy scatterings energy loss

hadron gas
hydrodynamics?

far from equilibrium initial state

high energy scatterings energy loss?



12

Intersection of hard and soft sector very important in small systems

Jasmine Brewer (CERN)

Constructing a pp reference for OO run JB, Huss, Mazeliauskas, van der Schee [2108.13434]

With Aleksas Mazeliauskas and Wilke van der Schee
workshop summary: [2103.01939]

Short run of oxygen planned in LHC 
Run 3

Speculative future directions: interplay of jet quenching and 
equilibration in kinetic theory
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Outside of physics…

Jasmine Brewer (CERN)



https://aleksas.eu/

Aleksas Mazeliauskas aleksas.eu 1 / 8

https://aleksas.eu/
aleksas.eu


My route from Lithuania to CERN (via UK, USA and Germany)

2008–2012
BA+MMath

2012–2017

PhD

2017–2019
postdoc

2019–

fellow

2007–2008

Aleksas Mazeliauskas aleksas.eu 2 / 8

aleksas.eu


QCD thermalization: ab-initio approaches and interdiciplinary connections
Berges, Heller, AM, Venugopalan Rev.Mod.Phys (2021), arXiv:2005.12299

Effective descriptions of QCD: Classical Yang-Mills, QCD kinetic theory, hydrodynamics

Simplification of non-equilibrium evolution =⇒ attractors
pre-scaling AM, Berges,PRL (2019), entropy production, Giacalone, AM, Schlichting,PRL (2019)

Significant loss of detail occurs well before thermalization.
Aleksas Mazeliauskas aleksas.eu 3 / 8

aleksas.eu


Light-ion collisions at LHC

Puzzle: many heavy-ion phenomena observed in pp and pPb collisions.

New collision system – upcoming special run of oxygen

p p O O
Pb Pb

LHC Run 3

Opportunities of OO and pO collisions at LHC

5-day virtual workshop Feb 4-10, 2021.

Summary document: arXiv:2103:01939

Successful oxygen test at LINAC 3 in May 2021

The workshop demonstrated the community interest and crystallized open questions
and challenges.

Aleksas Mazeliauskas aleksas.eu 4 / 8

https://arxiv.org/abs/2103.01939
aleksas.eu


Collective flow in small collision systems

Describe small droplets of QGP with kinetic theory of quarks and gluons

Boltzmann eq.: ∂tf +
p

|p| · ∇f︸ ︷︷ ︸
expansion

= − C2↔2[f ]− C1↔2[f ]︸ ︷︷ ︸
in-medium QCD collisions

In small collision systems expect only few interactions.
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centrality %
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v 2

λ = 10, η/s ≈ 0.6
OO 5.02 TeV
pPb 5.02 TeV

pp 5.02 TeV
ITA η/s = 0.6

momentum anisotropyspatial anisotropy

We estimated elliptic flow generation after single elastic rescattering.
Kurkela, AM, Törnkvist, arXiv:2104.08179

Aleksas Mazeliauskas aleksas.eu 5 / 8
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Discovering high-pT parton rescattering in oxygen-oxygen collisions

Perturbative QCD spectra modified by secondary scatterings.

Compare spectra in pp and OO at the same collision energy.
Huss, Kurkela, AM, Paatelainen, van der Schee, Wiedemann, (PRL, PRC) 2007.13754, 2007.13758

Short run ⇒ no pp reference. Construct pp spectra or use mixed energy ratio.
Brewer, Huss, AM, van der Schee, 2108.13434
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nNNPDF2.0
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pQCD baseline
mixed energy ratio

rescattering

Discovery of physics beyond pQCD at 100 GeV scale in OO collisions.
Aleksas Mazeliauskas aleksas.eu 6 / 8
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Estimating uncertainty of the missing high order terms

Given cross-sections Σn at LO, NLO, N2LO,. . . what is ∆Σn?

abc-model : −can <
Σn − Σn−1

Σ0
− ban < can.

Perform Bayesian inference of the hidden parameters and estimate ∆Σn.

NNLO

N3LO

NNLO

σggH σVBF−HσVBF−HHσDY−NC AW

geo sm
abc sm

sa
sa

9pt
7pt

Duhr, Huss, AM, Szafron JHEP (2021), 2106.04585

pQCD theory uncertainties with clear statistical interpretation.
Aleksas Mazeliauskas aleksas.eu 7 / 8

aleksas.eu


Summar: LHC phenomenology with pp, heavy and light ions

Collective flows via single elastic scattering Kurkela, AM, Törnkvist, 2104.08179

Signals of high-pT suppression in OO collisions
TH team: Huss, Kurkela, AM, Paatelainen, van der Schee, Wiedemann, PRL, PRC, 2007.13754, 2007.13758

TH team: Brewer, Huss, AM, van der Schee, 2108.13434

Charmed hadron spectra in heavy ion and light ion collisions
Andronic, Braun-Munzinger, Köhler, Mazeliauskas, Redlich, Stachel, Vislavicius, JHEP (2021), 2104.12754

Bayesian estimates of missing higher order terms.
TH team: Duhr, Huss, AM, Szafron JHEP (2021), 2106.04585

Space-time structure of parton showers (ongoing work with heavy-ion group)

Other interests: soft pion production, Λ polarization.

Aleksas Mazeliauskas aleksas.eu 8 / 8
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 2007 - 2012
 University of Florida, USA
 PhD

 2011 - 2012
 Fermilab, USA
 Student Fellow

 2012 - 2015
 Penn State University, USA
 Postdoc

 2015 - 2016
 KASI, Daejeon, Korea
 Postdoc

 2017 - 2019
 CEICO, Prague, Czech Republic
 Postdoc

 2019 - 
 CERN-Korea
 Postdoc Fellow

Sohyun Park
CERN TH Retreat          3 Nov 2021

 My path to CERN



My past research before joining HI at CERN

Quantum loop effects during inflation
• How scalars and gravitons interact in de Sitter background?

1101.5804 &1109.4187 SP,  Woodard

1403.0896 Leonard, SP, Prokopec, Woodard

1510.03352 SP, Prokopec, Woodard

1409.7753, 1704.05880, 1708.01831 Boran, Kahya, SP

• How structure grows in nonlocal gravity?

Phenomenology of nonlocal gravity

• How GWs propagate in nonlocal gravity?

• Is the nonlocal model stable (no ghost excitation)?

• Is there a bouncing solution in nonlocal gravity?

1209.0836 &1310.4329 S. Dodelson, SP 1608.02541 SP, Shafieloo

1809.06841 SP,  Woodard

1811.04647 Chu, SP

1905.04557 C. Chen, P. Chen, SP

1901.07832 Amendola, Dirian, Nersisyan, SP1711.08759 SP

• How QNMs behave in nonlocal gravity?
2101.06600 C. Chen, SP



My current research at CERN
Phenomenology of heavy ion collisions 

• Dynamics of light (anti)-nuclei in QCD matter
Jasmine, Aleksas, SP, Urs

• Electromagnetic radiation in ALICE-3
“Bremsstrahlung photons from stopping in heavy-ion collisions’’

• Spatio-temporal ordering of partonic fragmentation in QCD medium
Maximilian, Jasmine, G.M. Innocenti, Aleksas, SP,  Wilke, Urs

PRC 104, 044903, arXiv:2107.05129   SP and Urs A. Wiedemann 



Bremsstrahlung from stopping

• Why is this interesting?

• Pb-ions are 82+          each PbPb collision decelerates a net-charge 164+                                                                                                       

• Classical Electrodynamics: charge deceleration          photon bremsstrahlung 

 Bremsstrahlung sensitive to the degree of longitudinal stopping 

 Robust prediction but never measured          experimental challenge 
 (could serve to illustrate novel opportunities of a novel detector)

 Longitudinal stopping determines rapidity distribution of net electric charge 

 (complementary access to longitudinal initial conditions)



A detector at RHIC proposed but never realized

• This idea is not new but actually is as old as the field of heavy-ion physics:

Kapusta 1977; Bjorken and McLerran 1985

• Calculations of classical electromagnetic bremsstrahlung in the late 1990s; 
   The effect is measurable; Proposed a detector at RHIC but it was never realized 

Jeon, Kapusta, Chikanian and Sandweiss, 1998

Image Credit: Jack Sandweiss Memorial by Evan Finch at SQM 2021 

PRC 58 (1998), 1666 
Jeon, Kapusta, Chikanian and Sandweiss
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A next-generation LHC heavy-ion experiment
• A next-generation ALICE detector based on ultra-thin silicon technology:  ALICE-3 

1902.01211

• We adapted RHIC studies of late 90’s to the kinematics of LHC.

• We asked: what acceptance ALICE-3 should have
in order to measure bremsstrahlung photons in PbPb @ LHC? 



Classical bremsstrahlung
• The intensity of photons of energy      in direction    from charge current                                                                                                      <latexit sha1_base64="4tGov5OOwARMwpDHwlweTJCzcuA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUznpBSOS0X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJb/yMyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1VLx9qlfptHkcRTuAUzsGDa6jDPTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gAidI9y</latexit>n

<latexit sha1_base64="ToxSCRcw9BnraI6vCsDAfp/HUZg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzAOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXSXoAPfKFb/qz4CWSZCTCuSo98pf3b4iqaDSEo6N6QR+YsMMa8sIp5NSNzU0wWSEB7TjqMSCmjCbXTtBJ07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoJILIVh8eZk0z6rBZfX8/qJSu8njKMIRHMMpBHAFNbiDOjSAwCM8wyu8ecp78d69j3lrwctnDuEPvM8fks2PIw==</latexit>!
<latexit sha1_base64="GuQmEeAoOSpFP1kcAzE8Qkr5Puc="></latexit>

d2I

d!d⌦
= |A|2 , A(n,!) =

Z
dt

Z
d3xn⇥ (n⇥ J(x, t))ei!(t�n·x)

Eq. (14.67) in Jackson, Classical Electrodynamics (1998) 3rd ed.

<latexit sha1_base64="Dng/fS80eHTchzZZDcdGv2WK25w=">AAACOHicbVDLSgMxFM3UV62vUZdugkWoFMuMiroRim7EjRXsA9qxZNJMG5rJDElGKMN8lhs/w524caGIW7/ATFtQ2x4InJxzL/fe44aMSmVZL0Zmbn5hcSm7nFtZXVvfMDe3ajKIBCZVHLBANFwkCaOcVBVVjDRCQZDvMlJ3+5epX38gQtKA36lBSBwfdTn1KEZKS23zpuUj1XO9+DqB5/D3cx8XKN9P2nExgcVZ+sGUHkRKG2beKllDwGlij0kejFFpm8+tToAjn3CFGZKyaVuhcmIkFMWMJLlWJEmIcB91SVNTjnwinXh4eAL3tNKBXiD04woO1b8dMfKlHPiurkw3lZNeKs7ympHyzpyY8jBShOPRIC9iUAUwTRF2qCBYsYEmCAuqd4W4hwTCSmed0yHYkydPk9phyT4pHd0e58sX4ziyYAfsggKwwSkogytQAVWAwSN4Be/gw3gy3oxP42tUmjHGPdvgH4zvH7YYrF0=</latexit>

J = J(in)
+ + J(in)

� + J(out)

• Incoming current: incoming charges with projectile rapidity      along the beam direction
<latexit sha1_base64="xF2+1Dnriudo0aLfowFKMmKS2HQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF4+QyCOBDZkdGhiZnd3MzJrghi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3H1FpHsl7M47RD+lA8j5n1Fip9tQtltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6cF+fd+Zi35pxs5hD+wPn8AevdjQY=</latexit>z

: incoming charge density in the transverse plane
<latexit sha1_base64="SNba6vNxOVW2ak9+0TapRuugGuM=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0Wom5KoqMuiG5cV7AOaECbTSTt0HmFmUiihf+LGhSJu/RN3/o3TNgttPXDhcM693HtPnDKqjed9O6W19Y3NrfJ2ZWd3b//APTxqa5kpTFpYMqm6MdKEUUFahhpGuqkiiMeMdOLR/czvjInSVIonM0lJyNFA0IRiZKwUuW6ghjLKA8UhFdOaOo/cqlf35oCrxC9IFRRoRu5X0Jc440QYzJDWPd9LTZgjZShmZFoJMk1ShEdoQHqWCsSJDvP55VN4ZpU+TKSyJQycq78ncsS1nvDYdnJkhnrZm4n/eb3MJLdhTkWaGSLwYlGSMWgknMUA+1QRbNjEEoQVtbdCPEQKYWPDqtgQ/OWXV0n7ou5f1y8fr6qNuyKOMjgBp6AGfHADGuABNEELYDAGz+AVvDm58+K8Ox+L1pJTzByDP3A+fwAGc5NE</latexit>

⇢in(r)
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<latexit sha1_base64="M6yG8ixC0WYIxBtQ2PNGq2GsqOQ="></latexit>

J (in)
± (x, t) = ±Z e v0 ⇢in(r) �(z ⌥ v0t)⇥(�t)

<latexit sha1_base64="tq6ljLG7Pu5jCFwPxgjMWIX++i0=">AAAB+HicdVDLSgMxFM3UV62PVl0qEiyCq5IZS1sXQtGNyxbsA9oyZNK0Dc1khiRTqKVLv8KNC0Xcuup3uPMb/AkzrYKKHrhwOOde7r3HCzlTGqE3K7G0vLK6llxPbWxubaczO7t1FUSS0BoJeCCbHlaUM0FrmmlOm6Gk2Pc4bXjDy9hvjKhULBDXehzSjo/7gvUYwdpIbiY9chE8h22NxQCOXeRmsih3Vio4+QJEOYSKtmPHxCnmT/PQNkqMbPlgVn2/PZxV3MxruxuQyKdCE46Vatko1J0JlpoRTqepdqRoiMkQ92nLUIF9qjqT+eFTeGyULuwF0pTQcK5+n5hgX6mx75lOH+uB+u3F4l9eK9K9UmfCRBhpKshiUS/iUAcwTgF2maRE87EhmEhmboVkgCUm2mSVMiF8fQr/J3UnZxdydtXOli/AAkmwD47ACbBBEZTBFaiAGiAgAnfgATxaN9a99WQ9L1oT1ufMHvgB6+UDOZ6V4g==</latexit>

v0 = tanh y0
<latexit sha1_base64="LIIudGnNzjlgiCPqOwET4dJmKCk="></latexit>

y0 ' ln
⇣p

sNN

mN

⌘

• Outgoing current at shifted velocity           after collision at time 
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t = 0
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�v0 < v(y) = tanh y < v0
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J (out)(x, t) = ⇥(t)

Z y0

�y0

⇢(r, y, t) v(y) � (z � v(y)t) dy



Modelling the charge-rapidity distribution

• The intensity of photons                                                                                       
<latexit sha1_base64="dDjpzhNCpRwRxG2biHdAPztk/rc="></latexit>
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• Assume
<latexit sha1_base64="8pjbLhJFn0UlQF9TqpHq1iWyQCY="></latexit>
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• Applicability of classical formula

 For soft and collinear photons, i.e.,  
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q = !R sin ✓ . 1

  the transverse profile of the charge distribution is not resolved 

 For Lorentz contraction

  longitudinal structure is resolved only for photon energies  
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�LHC ⇡ 2700
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 Classical formula is sufficient for soft/collinear photons that do not resolve internal structure.



Numerical results: Photon number distribution

• Number of photons radiated per unit phase space
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• Number spectrum as a function of pT in pseudo-rapidity bins

• Number of photons in pT bins



Background photons

• How many? How are they distributed?

• Photons do not come only from electromagnetic bremsstrahlung                                                                                                     

•       decay photons are expected to be the dominant background
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is flat.
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Can bremsstrahlung photons be separated from background?

• Signal-to-background                                                                                                     
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• characteristically different pT dependence

• characteristically different centrality dependence
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Conclusion

• ALICE 3 is a new detector to have acceptance at very low-pT and rather forward rapidity.                                                                                                      

• Our answer is:

• We asked: what acceptance ALICE-3 should have
in order to measure bremsstrahlung photons in PbPb @ LHC? 
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⌘ & 3

pT & 10 MeV

• Characteristically different pT & centrality dependence may help to separate bremsstrahlung 
photons from background photons. 

Thank you for listening!


