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Based on arXiv:2203.11241*supported by CERN-Korea-Collaboration fellowship

https://arxiv.org/abs/2203.11241
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Heavy quark production in pp collisions 
mb ~ 4.18 GeV 
mc ~ 1.27 GeV 
ΛQCD ~ 200 MeV

 short-distance high-momentum transfer process
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mc,b � ⇤QCD
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 calculable in pQCD

 c.f.                 is collinear
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 set the reference for the total charm yield in heavy-ion collisions  

• The total charm production cross section is dominated by  pairs emerge back-to-back
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• The QGP forms later than this short-distance process & it only modifies the pT distribution of the cross section

M. Cacciari et al., JHEP 10 (2012) 137 

: partonic center of mass energy2
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https://link.springer.com/article/10.1007/JHEP10(2012)137
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Dominant medium-modification of charm in the QGP 

As a charm traverses in QGP it re-scatters.

The dominant process is              ,  

described by the                splitting function.  
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• BDMPS-Z calculation shows the enhancement of 
gluon radiation from charm in the QCD medium

• Experimentally observed via the modification of 
high-pT spectra of charmed hadrons due to radiative 
energy loss 

BDMPS, Nucl.Phys., B484:265–282, 199 
B.G. Zakharov, JETP Lett., 63:952–957, 1996.
Y.L. Dokshitzer, D.E Kharzeev, Phys.Lett. B 519, 199-206, 2001

https://www.sciencedirect.com/science/article/abs/pii/S0550321396005810?via=ihub
https://inspirehep.net/literature/421287
https://www.sciencedirect.com/science/article/pii/S0370269301011303?via=ihub
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Charm production from               splitting in the QGP         
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We applied the BDMPS-Z formalism to calculate the
medium-modification of                  splitting function              
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• collinear to the gluon direction (not back-to-back), 
so       pairs likely to remain inside the gluon jet             
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traceable with gluon jets 

• medium-induced production in the long distance 
(not dominant  production in the short distance 
but dominant production in the medium)    
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a way to access medium properties

Plan:
• in-medium calculation of                  splitting function in the BDMPS-Z formalism
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• one experimental observable for medium-modification of                  splitting function:
               production in high pT gluon jets
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arXiv:2203.11241 &
Letter in preparation 
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D0D̄0

 Why is this interesting?

https://arxiv.org/abs/2203.11241
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<latexit sha1_base64="xFcxdzWu3rqY1X4p+rrc0FHBls8=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFchUloa7srunFZwT6gCWUynbRDJw9mJkII8VfcuFDErR/izr9x+hBU9MCFwzn3cu89fsKZVAh9GGvrG5tb26Wd8u7e/sGheXTck3EqCO2SmMdi4GNJOYtoVzHF6SARFIc+p31/djX3+3dUSBZHtypLqBfiScQCRrDS0sisuH6QT1wVQwJdH4ucFMXIrCILOc16zYHIcuqoZbc0qSO71ahB20ILVMEKnZH57o5jkoY0UoRjKYc2SpSXY6EY4bQou6mkCSYzPKFDTSMcUunli+MLeKaVMQxioStScKF+n8hxKGUW+rozxGoqf3tz8S9vmKqg6eUsSlJFI7JcFKQc6l/nScAxE5QonmmCiWD6VkimWGCidF5lHcLXp/B/0nMsu2HZN7Vq+3IVRwmcgFNwDmxwAdrgGnRAFxCQgQfwBJ6Ne+PReDFel61rxmqmAn7AePsEA06VCA==</latexit>

g ! cc̄Sohyun Park (CERN)

splitting function: probability for a gluon to split to a       pair

5

Factorization of partonic cross section in the collinear limit         

 In the collinear limit                a partonic cross section factorizes.    
<latexit sha1_base64="258pjVMLVm/o0ALE+uaR/b9Z1R0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0mKaI8FLx5bsB/QxLLZbtqlm03YnRRK6D/x4kERr/4Tb/4bN20O2vpg4PHeDDPzgkRwDY7zbZW2tnd298r7lYPDo+MT+/Ssq+NUUdahsYhVPyCaCS5ZBzgI1k8UI1EgWC+Y3ud+b8aU5rF8hHnC/IiMJQ85JWCkoW23n+rYEwJ7EwKZXlSGdtWpOUvgTeIWpIoKtIb2lzeKaRoxCVQQrQeuk4CfEQWcCraoeKlmCaFTMmYDQyWJmPaz5eULfGWUEQ5jZUoCXqq/JzISaT2PAtMZEZjodS8X//MGKYQNP+MySYFJuloUpgJDjPMY8IgrRkHMDSFUcXMrphOiCAUTVh6Cu/7yJunWa+5tzW3fVJuNIo4yukCX6Bq56A410QNqoQ6iaIae0St6szLrxXq3PlatJauYOUd/YH3+ACJkkqo=</latexit>

Q2 ⌧ ŝ

<latexit sha1_base64="Hp1BhZxqm2Cyh6jw6kAxDS9gTqA=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU0hqaOut4MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuGkrqOiDgcd7M8zMCxLBNTjOh1VYW9/Y3Cpul3Z29/YPyodHHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB9Cr3u/dMaR7LW5glzI/IWPKQUwJG6g0mBDI9Lw3LFce+bNSqXg07tuPU3aqbk2rdu/Cwa5QcFbRCa1h+H4ximkZMAhVE677rJOBnRAGngs1Lg1SzhNApGbO+oZJETPvZ4t45PjPKCIexMiUBL9TvExmJtJ5FgemMCEz0by8X//L6KYQNP+MySYFJulwUpgJDjPPn8YgrRkHMDCFUcXMrphOiCAUTUR7C16f4f9Kp2m7Ndm+8SrOxiqOITtApOkcuqqMmukYt1EYUCfSAntCzdWc9Wi/W67K1YK1mjtEPWG+fPtOQFg==</latexit>

ŝ : partonic center of mass energy2

: virtuality of the gluon
<latexit sha1_base64="7GpW3cegF6BoHcBpIdAObndnusQ=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4Cj2J2W4BLx4TMQskQ+jp9CRNeha6e4Qw5A+8eFDEq3/kzb+xJ4mgog8KHu9VUVXPjQRXGuMPK7OxubW9k93N7e0fHB7lj0+6KowlZR0ailD2XaKY4AHraK4F60eSEd8VrOfOrlO/d8+k4mFwp+cRc3wyCbjHKdFGum3nRvkCLuJqpVHGCBcr2K41GoZgXK2XS8g2JEUB1miN8u/DcUhjnwWaCqLUwMaRdhIiNaeCLXLDWLGI0BmZsIGhAfGZcpLlpQt0YZQx8kJpKtBoqX6fSIiv1Nx3TadP9FT99lLxL28Qa6/uJDyIYs0CulrkxQLpEKVvozGXjGoxN4RQyc2tiE6JJFSbcNIQvj5F/5NuqWhXi3b7qtCsr+PIwhmcwyXYUIMm3EALOkDBgwd4gmdrZj1aL9brqjVjrWdO4Qest09IJ40u</latexit>

Q
<latexit sha1_base64="ja6BfhU+taETRN5yLe6OswbHJhE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDVllWK25dXcBsk68gtSgQGtY/RqMIpYorpFJam3fc2P0U2pQMMnnlUFieUzZlI55P6OaKm79dHHrnFxkyoiEkclKI1movydSqqydqSDrVBQndtXLxf+8foJhw0+FjhPkmi0XhYkkGJH8cTIShjOUs4xQZkR2K2ETaijDLJ48BG/15XXSuap7N3Xv4brWbBRxlOEMzuESPLiFJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHeuuN1w==</latexit>mc

<latexit sha1_base64="yRFD6uXnwc9CwD1tVgS1shp6KDw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KomI9ljw4rGC/cA2lM120i7dbMLuRiih/8KLB0W8+m+8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUes34QkslswMqDStWtuXOQVeIVpAoFmoPKV38YszRCaZigWvc8NzF+RpXhTOCs3E81JpRN6Ah7lkoaofaz+cUzcm6VIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSas+xmXSWpQssWiMBXExCR/nwy5QmbE1BLKFLe3EjamijJjQ8pD8JZfXiXty5p3XfPur6qNehFHCU7hDC7AgxtowB00oQUMJDzDK7w52nlx3p2PReuaU8ycwB84nz/HapBN</latexit>

kc
<latexit sha1_base64="Rb9V6/0ItduZR8B6lhekrfP/VUU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF49V7Ae0oWy2m3bpZhN2J0It/QdePCji1X/kzX/jps1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GN5nffuTaiFg94CThfkSHSoSCUbTS/VOpX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboT6lGwSSflXqp4QllYzrkXUsVjbjxp/NLZ+TMKgMSxtqWQjJXf09MaWTMJApsZ0RxZJa9TPzP66YY1vypUEmKXLHFojCVBGOSvU0GQnOGcmIJZVrYWwkbUU0Z2nCyELzll1dJ66LqXVW9u8tKvZbHUYQTOIVz8OAa6nALDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/HMyNDg==</latexit>z

: transverse momentum of charm

: longitudinal momentum fraction carried by charm 

: mass of charm

<latexit sha1_base64="Pal7Pcz0pNlub4JKGNoJF+ELMHE="></latexit>

�̂gg!cc̄X Q2⌧ŝ����! �̂gg!gX ⌦ ↵s

2⇡

1

Q2
Pg!cc̄

<latexit sha1_base64="+2hm9+HZ17dKTf/SB7/oifPVAqk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9ljw4rEF+wFtKJvtpF272YTdjVBDf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/Pbj6g0j+W9mSToR3QoecgZNVZqPPVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NWHVz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVr1TyOApzCGVyABzdQgzuoQxMYIDzDK7w5D86L8+58LFrXnHzmBP7A+fwB6DeM+g==</latexit>z

<latexit sha1_base64="xHVJnfX/NV8uKqXwBS3wcUKJZvo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi2mPBi8eK9gPaUDbbTbt0swm7E6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9ci1EbF6wHHC/YgOlAgFo2ile+/8qVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophlU/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTQvKt5Vxbu7LNeqeRwFOIYTOAMPrqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QPBF41s</latexit>

1� z

<latexit sha1_base64="G462fUIAFvH5kLp6Ez7yhhBx+gE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4kCFT2truCm5cVrC2MDOUTJppQzPJkGSEMvQz3LhQxK1f486/MX0IKnrgwuGce7n3nijlTBuEPpzC2vrG5lZxu7Szu7d/UD48utMyU4R2ieRS9SOsKWeCdg0znPZTRXEScdqLJldzv3dPlWZS3JppSsMEjwSLGcHGSj4JLmAQYZWT2aBcQS6qNuu1KkRutY5aXsuSOvJajRr0XLRABazQGZTfg6EkWUKFIRxr7XsoNWGOlWGE01kpyDRNMZngEfUtFTihOswXJ8/gmVWGMJbKljBwoX6fyHGi9TSJbGeCzVj/9ubiX56fmbgZ5kykmaGCLBfFGYdGwvn/cMgUJYZPLcFEMXsrJGOsMDE2pZIN4etT+D+5q7pew/VuapV2YxVHEZyAU3AOPHAJ2uAadEAXECDBA3gCz45xHp0X53XZWnBWM8fgB5y3TxxZkSE=</latexit>

c c̄

: relative transverse momentum 
of  pair

<latexit sha1_base64="5wXXcymkhltCqMLGHXnbGq3tyu8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI8FLx4r2A9IQtlst+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMM95iiUx0N6KGS6F4CwVK3k01p3EkeSca3838zhPXRiTqEScpD2M6VGIgGEUr+Sy4JEFEdc6mvUrVrblzkFXiFaQKBZq9ylfQT1gWc4VMUmN8z00xzKlGwSSfloPM8JSyMR1y31JFY27CfH7ylJxbpU8GibalkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHt2EuVJohV2yxaJBJggmZ/U/6QnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6qefWa93BdbdSLOEpwCmdwAR7cQAPuoQktYJDAM7zCm4POi/PufCxa15xi5gT+wPn8AbRbkNk=</latexit>

c c̄
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<latexit sha1_base64="xFcxdzWu3rqY1X4p+rrc0FHBls8=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFchUloa7srunFZwT6gCWUynbRDJw9mJkII8VfcuFDErR/izr9x+hBU9MCFwzn3cu89fsKZVAh9GGvrG5tb26Wd8u7e/sGheXTck3EqCO2SmMdi4GNJOYtoVzHF6SARFIc+p31/djX3+3dUSBZHtypLqBfiScQCRrDS0sisuH6QT1wVQwJdH4ucFMXIrCILOc16zYHIcuqoZbc0qSO71ahB20ILVMEKnZH57o5jkoY0UoRjKYc2SpSXY6EY4bQou6mkCSYzPKFDTSMcUunli+MLeKaVMQxioStScKF+n8hxKGUW+rozxGoqf3tz8S9vmKqg6eUsSlJFI7JcFKQc6l/nScAxE5QonmmCiWD6VkimWGCidF5lHcLXp/B/0nMsu2HZN7Vq+3IVRwmcgFNwDmxwAdrgGnRAFxCQgQfwBJ6Ne+PReDFel61rxmqmAn7AePsEA06VCA==</latexit>

g ! cc̄Sohyun Park (CERN) 6

The medium modified              splitting function in the BDMPS-Z formalism         

 In-vacuum splitting function to leading order in 

 Medium-modification of the splitting function in time-ordered perturbation theory in the close-to-eikonal limit

: a longitudinal density of colored scattering centers

: elastic cross section of a medium scattering center interacting with a projectile parton

: gluon energy
<latexit sha1_base64="QRlnk7nYotdAoLRTOLGx/Fjxb7E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCCB4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMWyyRCSqE1CNgktsGm4EdlKFNA4EtoPRzcxvP6HSPJGPZpyiH9NI8pAzaqz0cNuP+uWKW3XnIKvEy0kFcjT65a/eIGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqIRdi2VNEbtT+anTsmZVQYkTJQtachc/T0xobHW4ziwnTE1Q73szcT/vG5mwpo/4TLNDEq2WBRmgpiEzP4mA66QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHpXVe/+slKv5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMOzI2f</latexit>

Eg

<latexit sha1_base64="4T8H8BbjWN5UM1Cv1H40yXzlYXs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquiPZY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpP5nUeqNJPi3kxj6kd4JFjICDZWaotq/4mdD8oVt+bOgVaJl5MK5GgOyl/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWWWIQqlsCYPm6u+JFEdaT6PAdkbYjPWyl4n/eb3EhHU/ZSJODBVksShMODISZa+jIVOUGD61BBPF7K2IjLHCxNiASjYEb/nlVdK+qHlXNe/ustKo53EU4QROoQoeXEMDbqEJLSDwAM/wCm+OdF6cd+dj0Vpw8plj+APn8wfvJ46u</latexit>

n(⇠)
<latexit sha1_base64="8pKlZ/16xVMVLaPfQkY3c75z6yI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lEtMeCF48V7Ac0oWy2m3bp7ibsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5UcqZNp737Wxsbm3v7Jb2yvsHh0fH7slpWyeZIrRFEp6oboQ15UzSlmGG026qKBYRp51ofD/3OxOqNEvkk5mmNBR4KFnMCDZW6rtuoNlQ4GoeRDFSsyvUdytezVsArRO/IBUo0Oy7X8EgIZmg0hCOte75XmrCHCvDCKezcpBpmmIyxkPas1RiQXWYLy6foUurDFCcKFvSoIX6eyLHQuupiGynwGakV725+J/Xy0xcD3Mm08xQSZaL4owjk6B5DGjAFCWGTy3BRDF7KyIjrDAxNqyyDcFffXmdtK9r/m3Nf7ypNOpFHCU4hwuogg930IAHaEILCEzgGV7hzcmdF+fd+Vi2bjjFzBn8gfP5A2d9ktM=</latexit>

�(r)
characterize medium

<latexit sha1_base64="916Cqzx7/3LWL9HeOBsstM0B274="></latexit>

�3(r, z) ⌘ � 1

2Nc
�(r) +

Nc

2
�(zr) +

Nc

2
�((1� z)r)

kinematic factor

path-integral

<latexit sha1_base64="RYnaohWe0rmmWfXFHseKT7INLUc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V7Ae0oUy2m3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38399hNTmsfy0UwT5kc4lDzkFI2VOj0UyQj7ul+uuFV3AbJOvJxUIEejX/7qDWKaRkwaKlDrrucmxs9QGU4Fm5V6qWYJ0jEOWddSiRHTfra4d0YurDIgYaxsSUMW6u+JDCOtp1FgOyM0I73qzcX/vG5qwpqfcZmkhkm6XBSmgpiYzJ8nA64YNWJqCVLF7a2EjlAhNTaikg3BW315nbSuqt5N1Xu4rtRreRxFOINzuAQPbqEO99CAJlAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AEX3o/6</latexit>↵s

<latexit sha1_base64="5wWItHTYi87tjeLL2xKzzGOMm10=">AAAB9XicdVDJSgNBEK1xjXGLevTSGARPQ09IYnKLePEYwSyQGUNPpydp0rPQ3aOEIf/hxYMiXv0Xb/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg7bKk4lZS0ai1h2faKY4BFraa4F6yaSkdAXrOOPL2d+545JxePoRk8S5oVkGPGAU6KNdDt0dYwocn0iMzrtF4rYxqVapVxC2C5VcN2pG1LBTr1aRo6N5yjCEs1+4d0dxDQNWaSpIEr1HJxoLyNScyrYNO+miiWEjsmQ9QyNSMiUl82vnqJTowxQEEtTkUZz9ftERkKlJqFvOkOiR+q3NxP/8nqpDmpexqMk1Syii0VBKpB5dRYBGnDJqBYTQwiV3NyK6IhIQrUJKm9C+PoU/U/aJdup2s51udi4WMaRg2M4gTNw4BwacAVNaAEFCQ/wBM/WvfVovVivi9YVazlzBD9gvX0Cf0eSiA==</latexit>

g ! cc̄

<latexit sha1_base64="QRlnk7nYotdAoLRTOLGx/Fjxb7E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCCB4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMWyyRCSqE1CNgktsGm4EdlKFNA4EtoPRzcxvP6HSPJGPZpyiH9NI8pAzaqz0cNuP+uWKW3XnIKvEy0kFcjT65a/eIGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqIRdi2VNEbtT+anTsmZVQYkTJQtachc/T0xobHW4ziwnTE1Q73szcT/vG5mwpo/4TLNDEq2WBRmgpiEzP4mA66QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHpXVe/+slKv5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMOzI2f</latexit>

Eg

<latexit sha1_base64="+2hm9+HZ17dKTf/SB7/oifPVAqk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9ljw4rEF+wFtKJvtpF272YTdjVBDf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/Pbj6g0j+W9mSToR3QoecgZNVZqPPVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NWHVz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVr1TyOApzCGVyABzdQgzuoQxMYIDzDK7w5D86L8+58LFrXnHzmBP7A+fwB6DeM+g==</latexit>z

<latexit sha1_base64="xHVJnfX/NV8uKqXwBS3wcUKJZvo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi2mPBi8eK9gPaUDbbTbt0swm7E6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9ci1EbF6wHHC/YgOlAgFo2ile+/8qVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophlU/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTQvKt5Vxbu7LNeqeRwFOIYTOAMPrqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QPBF41s</latexit>

1� z
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g ! cc̄Sohyun Park (CERN) 7

• In the absence of medium                  , it reduces to the vacuum splitting function
<latexit sha1_base64="/NOrbGHhH9NoUgoaCTah9JbNmOY=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKaC5CwIvHCOaByRJmJ51kyOzsMjMrhiV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcSCa+O6387K6tr6xmZuK7+9s7u3Xzg4bOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDP1m4+oNI/kvRnH6Id0IHmfM2qs9CBLnSd+Rq6J2y0U3bI7A1kmXkaKkKHWLXx1ehFLQpSGCap123Nj46dUGc4ETvKdRGNM2YgOsG2ppCFqP51dPCGnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6Vf8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5PGedm7LHt3F8VqJYsjB8dwAiXw4AqqcAs1qAMDCc/wCm+Odl6cd+dj3rriZDNH8AfO5w+SJ4+D</latexit>

n(⇠) = 0

• For multiple soft scattering (small    ), take saddle point approximation

Features of the medium-modified              splitting function
<latexit sha1_base64="5wWItHTYi87tjeLL2xKzzGOMm10=">AAAB9XicdVDJSgNBEK1xjXGLevTSGARPQ09IYnKLePEYwSyQGUNPpydp0rPQ3aOEIf/hxYMiXv0Xb/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg7bKk4lZS0ai1h2faKY4BFraa4F6yaSkdAXrOOPL2d+545JxePoRk8S5oVkGPGAU6KNdDt0dYwocn0iMzrtF4rYxqVapVxC2C5VcN2pG1LBTr1aRo6N5yjCEs1+4d0dxDQNWaSpIEr1HJxoLyNScyrYNO+miiWEjsmQ9QyNSMiUl82vnqJTowxQEEtTkUZz9ftERkKlJqFvOkOiR+q3NxP/8nqpDmpexqMk1Syii0VBKpB5dRYBGnDJqBYTQwiV3NyK6IhIQrUJKm9C+PoU/U/aJdup2s51udi4WMaRg2M4gTNw4BwacAVNaAEFCQ/wBM/WvfVovVivi9YVazlzBD9gvX0Cf0eSiA==</latexit>

g ! cc̄

<latexit sha1_base64="7URvQF4COt2SxJCssxVXD2+MiTc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzTHgxWME85AkhNnJbDJkZnaZ6RXCkq/w4kERr36ON//GSbIHTSxoKKq66e4KEyks+v63t7a+sbm1Xdgp7u7tHxyWjo6bNk4N4w0Wy9i0Q2q5FJo3UKDk7cRwqkLJW+H4dua3nrixItYPOEl4T9GhFpFgFJ30SEjWDSNipv1S2a/4c5BVEuSkDDnq/dJXdxCzVHGNTFJrO4GfYC+jBgWTfFrsppYnlI3pkHcc1VRx28vmB0/JuVMGJIqNK41krv6eyKiydqJC16kojuyyNxP/8zopRtVeJnSSItdssShKJcGYzL4nA2E4QzlxhDIj3K2EjaihDF1GRRdCsPzyKmleVoLrSnB/Va5V8zgKcApncAEB3EAN7qAODWCg4Ble4c0z3ov37n0sWte8fOYE/sD7/AHRpI++</latexit>r
<latexit sha1_base64="/TEUe06z7vID+RwOegg/63Vw4yk="></latexit>

n(⇠)�3(r, z) '
1

2
q̂(⇠) (CF �Ncz(1� z)) r2 becomes the path-integral of an harmonic oscillator

<latexit sha1_base64="aAqAboYFM8KG71wNSBy3P9bVSV8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF8FLBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwShaqZP1GJXkbtovV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfu+UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGbPk4HQnKGcWEKZFvZWwkZUU4Y2opINwVt+eZW0LqpererdX1bqtTyOIpzAKZyDB1dQh1toQBMYSHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrmmPsw==</latexit>

K
quenching parameter color factors

QGP with length L

parameterized to medium properties
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g ! cc̄Sohyun Park (CERN) 8

Features of the medium-modified              splitting function
<latexit sha1_base64="5wWItHTYi87tjeLL2xKzzGOMm10=">AAAB9XicdVDJSgNBEK1xjXGLevTSGARPQ09IYnKLePEYwSyQGUNPpydp0rPQ3aOEIf/hxYMiXv0Xb/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg7bKk4lZS0ai1h2faKY4BFraa4F6yaSkdAXrOOPL2d+545JxePoRk8S5oVkGPGAU6KNdDt0dYwocn0iMzrtF4rYxqVapVxC2C5VcN2pG1LBTr1aRo6N5yjCEs1+4d0dxDQNWaSpIEr1HJxoLyNScyrYNO+miiWEjsmQ9QyNSMiUl82vnqJTowxQEEtTkUZz9ftERkKlJqFvOkOiR+q3NxP/8nqpDmpexqMk1Syii0VBKpB5dRYBGnDJqBYTQwiV3NyK6IhIQrUJKm9C+PoU/U/aJdup2s51udi4WMaRg2M4gTNw4BwacAVNaAEFCQ/wBM/WvfVovVivi9YVazlzBD9gvX0Cf0eSiA==</latexit>

g ! cc̄

• From the calculation

QGP with length L

<latexit sha1_base64="UQOuy1Zel1UWFuU4jiD/DW4blcA="></latexit>

hq2imed ⇠ q̂L
<latexit sha1_base64="FHE8rKFxBD8eq71WBKoJcVD96Fg=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVRKR6rLgxmUF+4CmlMn0ph06eThzI5YQ3Pgrblwo4tavcOffOE2z0NYDFw7n3Dt37vFiwRXa9rextLyyurZe2ihvbm3v7Jp7+y0VJZJBk0Uikh2PKhA8hCZyFNCJJdDAE9D2xldTv30PUvEovMVJDL2ADkPuc0ZRS33z0EV4wPyd1BMJZKk7opjeZVnfrNhVO4e1SJyCVEiBRt/8cgcRSwIIkQmqVNexY+ylVCJnArKymyiIKRvTIXQ1DWkAqpfmqzPrRCsDy4+krhCtXP09kdJAqUng6c6A4kjNe1PxP6+boH/ZS3kYJwghmy3yE2FhZE3zsAZcAkMx0YQyyfVfLTaikjLUqZV1CM78yYukdVZ1alXn5rxSrxVxlMgROSanxCEXpE6uSYM0CSOP5Jm8kjfjyXgx3o2PWeuSUcwckD8wPn8AEtGYeQ==</latexit>

q̂
average transverse momentum2 
that a parton acquires in a 
medium of length L• From model extraction in central PbPb data

<latexit sha1_base64="NjNRQJgNYmRCr5DsUM2hgq/zBII="></latexit>

1 GeV2 < hq2imed = q̂L < 8 GeV2 (conservative)

<latexit sha1_base64="hhgvDpS00/+ro6DJDi34nT0R+I0="></latexit>

Pmed
g!c c̄ ⇠ O

✓
hq2

imed

Q2

◆

recall

<latexit sha1_base64="WO3fPa1tryFEMMivk95mKi64QBw="></latexit>

P vac
g!c c̄ = z2 + (1� z)2 + 2

m2
c

Q2

Medium-modification                                            becomes sizeable at the charm mass scale, 

in heavy-ion collisions
<latexit sha1_base64="+9uBtAnGVKAqb7ZeLxHHb9Rxhds="></latexit>

hq2
imed ⇠ O(m2

c)

which is phenomenologically accessible! 

<latexit sha1_base64="hhgvDpS00/+ro6DJDi34nT0R+I0="></latexit>

Pmed
g!c c̄ ⇠ O

✓
hq2

imed

Q2

◆
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g ! cc̄Sohyun Park (CERN)

    increases due to transverse momentum broadening of the individual quarks

 Enhancement

9

 Broadening 

Features of the medium-modified              splitting function
<latexit sha1_base64="5wWItHTYi87tjeLL2xKzzGOMm10=">AAAB9XicdVDJSgNBEK1xjXGLevTSGARPQ09IYnKLePEYwSyQGUNPpydp0rPQ3aOEIf/hxYMiXv0Xb/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg7bKk4lZS0ai1h2faKY4BFraa4F6yaSkdAXrOOPL2d+545JxePoRk8S5oVkGPGAU6KNdDt0dYwocn0iMzrtF4rYxqVapVxC2C5VcN2pG1LBTr1aRo6N5yjCEs1+4d0dxDQNWaSpIEr1HJxoLyNScyrYNO+miiWEjsmQ9QyNSMiUl82vnqJTowxQEEtTkUZz9ftERkKlJqFvOkOiR+q3NxP/8nqpDmpexqMk1Syii0VBKpB5dRYBGnDJqBYTQwiV3NyK6IhIQrUJKm9C+PoU/U/aJdup2s51udi4WMaRg2M4gTNw4BwacAVNaAEFCQ/wBM/WvfVovVivi9YVazlzBD9gvX0Cf0eSiA==</latexit>

g ! cc̄

QGP with length L

relative transverse momentum of the         pair
<latexit sha1_base64="5wXXcymkhltCqMLGHXnbGq3tyu8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI8FLx4r2A9IQtlst+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMM95iiUx0N6KGS6F4CwVK3k01p3EkeSca3838zhPXRiTqEScpD2M6VGIgGEUr+Sy4JEFEdc6mvUrVrblzkFXiFaQKBZq9ylfQT1gWc4VMUmN8z00xzKlGwSSfloPM8JSyMR1y31JFY27CfH7ylJxbpU8GibalkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHt2EuVJohV2yxaJBJggmZ/U/6QnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6qefWa93BdbdSLOEpwCmdwAR7cQAPuoQktYJDAM7zCm4POi/PufCxa15xi5gT+wPn8AbRbkNk=</latexit>

c c̄

Gluons that would not split in vacuum can split if in-medium scatterings occur

medium-induced production of        pairs!
<latexit sha1_base64="LS/PZaczrI4QYVt2WwNkHOE+ZFE=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwISGJIa27ghuXFewDklAm00k7dDIJMxOhhH6GGxeKuPVr3Pk3TtoKKnrgwuGce7n3nihjVCrL+jAqa+sbm1vV7drO7t7+Qf3wqCfTXGDSxSlLxSBCkjDKSVdRxcggEwQlESP9aHpd+v17IiRN+Z2aZSRM0JjTmGKktOTj4AIGERIFng/rDcu8anmO60HLtKym7dglcZrupQttrZRogBU6w/p7MEpxnhCuMENS+raVqbBAQlHMyLwW5JJkCE/RmPiacpQQGRaLk+fwTCsjGKdCF1dwoX6fKFAi5SyJdGeC1ET+9krxL8/PVdwKC8qzXBGOl4vinEGVwvJ/OKKCYMVmmiAsqL4V4gkSCCudUk2H8PUp/J/0HNP2TPvWbbS9VRxVcAJOwTmwQRO0wQ3ogC7AIAUP4Ak8G8p4NF6M12VrxVjNHIMfMN4+ARR5kRs=</latexit>

c c̄
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<latexit sha1_base64="xFcxdzWu3rqY1X4p+rrc0FHBls8=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFchUloa7srunFZwT6gCWUynbRDJw9mJkII8VfcuFDErR/izr9x+hBU9MCFwzn3cu89fsKZVAh9GGvrG5tb26Wd8u7e/sGheXTck3EqCO2SmMdi4GNJOYtoVzHF6SARFIc+p31/djX3+3dUSBZHtypLqBfiScQCRrDS0sisuH6QT1wVQwJdH4ucFMXIrCILOc16zYHIcuqoZbc0qSO71ahB20ILVMEKnZH57o5jkoY0UoRjKYc2SpSXY6EY4bQou6mkCSYzPKFDTSMcUunli+MLeKaVMQxioStScKF+n8hxKGUW+rozxGoqf3tz8S9vmKqg6eUsSlJFI7JcFKQc6l/nScAxE5QonmmCiWD6VkimWGCidF5lHcLXp/B/0nMsu2HZN7Vq+3IVRwmcgFNwDmxwAdrgGnRAFxCQgQfwBJ6Ne+PReDFel61rxmqmAn7AePsEA06VCA==</latexit>

g ! cc̄Sohyun Park (CERN) 10

Numerical results of the medium-modified              splitting function
<latexit sha1_base64="5wWItHTYi87tjeLL2xKzzGOMm10=">AAAB9XicdVDJSgNBEK1xjXGLevTSGARPQ09IYnKLePEYwSyQGUNPpydp0rPQ3aOEIf/hxYMiXv0Xb/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg7bKk4lZS0ai1h2faKY4BFraa4F6yaSkdAXrOOPL2d+545JxePoRk8S5oVkGPGAU6KNdDt0dYwocn0iMzrtF4rYxqVapVxC2C5VcN2pG1LBTr1aRo6N5yjCEs1+4d0dxDQNWaSpIEr1HJxoLyNScyrYNO+miiWEjsmQ9QyNSMiUl82vnqJTowxQEEtTkUZz9ftERkKlJqFvOkOiR+q3NxP/8nqpDmpexqMk1Syii0VBKpB5dRYBGnDJqBYTQwiV3NyK6IhIQrUJKm9C+PoU/U/aJdup2s51udi4WMaRg2M4gTNw4BwacAVNaAEFCQ/wBM/WvfVovVivi9YVazlzBD9gvX0Cf0eSiA==</latexit>

g ! cc̄

QGP with length L
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Depletion of low       splittings 
due to the in-medium broadening 

 Enhancement for

<latexit sha1_base64="2rhoKKtzVOKz0zWOaFBB4pOkJEk=">AAAB83icdVDLSgNBEOyNrxhfUY9eBoPgaZldkpjcAl48RjAxkF3D7GQ2GTL7YGZWCEt+w4sHRbz6M978GycPQUULGoqqbrq7glRwpTH+sApr6xubW8Xt0s7u3v5B+fCoq5JMUtahiUhkLyCKCR6zjuZasF4qGYkCwW6DyeXcv71nUvEkvtHTlPkRGcU85JRoI3ko94IQTWYDeucOyhVsY7dRq7oI224NN52mITXsNOtV5Nh4gQqs0B6U371hQrOIxZoKolTfwan2cyI1p4LNSl6mWErohIxY39CYREz5+eLmGTozyhCFiTQVa7RQv0/kJFJqGgWmMyJ6rH57c/Evr5/psOHnPE4zzWK6XBRmAukEzQNAQy4Z1WJqCKGSm1sRHRNJqDYxlUwIX5+i/0nXtZ267VxXK636Ko4inMApnIMDF9CCK2hDByik8ABP8Gxl1qP1Yr0uWwvWauYYfsB6+wR5ipFN</latexit>

k2
c

<latexit sha1_base64="Y+fV3v5HDQskuCX1qhqCmqHJpNc=">AAACA3icdVDLSsNAFJ34rPVVdaebwSK4CkkMbd0V3LhwUcE+oIlhMp20QycPZyZCCQE3/oobF4q49Sfc+TdO2goqeuDC4Zx7ufceP2FUSMP40BYWl5ZXVktr5fWNza3tys5uR8Qpx6SNYxbzno8EYTQibUklI72EExT6jHT98Vnhd28JFzSOruQkIW6IhhENKEZSSV5lP3P8AI5zD19b0BE0hM4IyewmhxdepWrop42aZdegoRtG3bTMglh1+8SGplIKVMEcLa/y7gxinIYkkpghIfqmkUg3Q1xSzEhedlJBEoTHaEj6ikYoJMLNpj/k8EgpAxjEXFUk4VT9PpGhUIhJ6KvOEMmR+O0V4l9eP5VBw81olKSSRHi2KEgZlDEsAoEDygmWbKIIwpyqWyEeIY6wVLGVVQhfn8L/ScfSzZpuXtrVZmMeRwkcgENwDExQB01wDlqgDTC4Aw/gCTxr99qj9qK9zloXtPnMHvgB7e0TMiiXOQ==</latexit>

k2
c ⇠ q̂L
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g ! cc̄Sohyun Park (CERN) 11

An observable sensitive to enhanced             splittings in jets 

 Experimental strategy
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g ! cc̄

 Monte Carlo study with Pythia
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ND0D̄0/Njets as a function of jet pT

Due to                  enhancement, 
a larger fraction of             -tagged jets 
expected in heavy-ion collisions
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D0D̄0 Dedicated MC study to provide a first assessment of 
the feasibility of such measurements
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g ! cc̄Sohyun Park (CERN)

• The result of                shows broadening of the relative momentum of a       pair and 
enhancement of   productions in the QCD medium, which is sizeable at the charm mass scale.
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c c̄
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Conclusions

Great opportunity for new theoretical and experimental 
developments to study this novel medium-induced effect!

• We have calculated the medium-modification of the QCD leading order gluon splitting function 
into a charm and anti-charm pair in the BDMPS-Z formalism.

• As an experimental strategy we made a MC study for the fraction of            -tagged jets w/out, 
which shows over 10% enhancement of            -tagged jets.   
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Pmed
g!c c̄



SQM 2022  “The medium modified                 splitting function” 
<latexit sha1_base64="xFcxdzWu3rqY1X4p+rrc0FHBls8=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFchUloa7srunFZwT6gCWUynbRDJw9mJkII8VfcuFDErR/izr9x+hBU9MCFwzn3cu89fsKZVAh9GGvrG5tb26Wd8u7e/sGheXTck3EqCO2SmMdi4GNJOYtoVzHF6SARFIc+p31/djX3+3dUSBZHtypLqBfiScQCRrDS0sisuH6QT1wVQwJdH4ucFMXIrCILOc16zYHIcuqoZbc0qSO71ahB20ILVMEKnZH57o5jkoY0UoRjKYc2SpSXY6EY4bQou6mkCSYzPKFDTSMcUunli+MLeKaVMQxioStScKF+n8hxKGUW+rozxGoqf3tz8S9vmKqg6eUsSlJFI7JcFKQc6l/nScAxE5QonmmCiWD6VkimWGCidF5lHcLXp/B/0nMsu2HZN7Vq+3IVRwmcgFNwDmxwAdrgGnRAFxCQgQfwBJ6Ne+PReDFel61rxmqmAn7AePsEA06VCA==</latexit>

g ! cc̄Sohyun Park (CERN)

Thank you!
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