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Charmonia in Heavy Ion collisions
Charmonia are bound states of cc

!  Expected to experience the whole QGP evolution
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Charmonia in the QGP
The effect of QGP on charmonia: two scenarios
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<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

QGP QGP + high 
p
sNN

<latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit>
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Charmonia in the QGP

c
c

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

QGP QGP + high 
p
sNN

<latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit>

Batoul Diab - Hard Probes 2018 

Suppression + Enhancement

Debye screening:
Color deconfinement 

Energy loss:
Parton propagation in QGP

The effect of QGP on charmonia: two scenarios
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Charmonia in the QGP

c
c

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

QGP QGP + high 
p
sNN

<latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit>
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The effect of QGP on charmonia: two scenarios
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Charmonia in the QGP
The effect of QGP on charmonia: two scenarios

c
c

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

J/ !
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

QGP QGP + high 
p
sNN

<latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit><latexit sha1_base64="Jwpz8MAHJc5sKQaGnd5EuWsyf5k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxVOpYD+gDWWz3bRLN5t0d1IoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt1XY2Nza3inulvb2Dw6PyscnLR0lirImjUSkOj7RTHDJmshRsE6sGAl9wdr++H7ut6dMaR7JJ5zFzAvJUPKAU4JG8np6ojDV/bRez7J+ueJUnQXsdeLmpAI5Gv3yV28Q0SRkEqkgWnddJ0YvJQo5FSwr9RLNYkLHZMi6hkoSMu2li6Mz+8IoAzuIlCmJ9kL9PZGSUOtZ6JvOkOBIr3pz8T+vm2Bw66VcxgkySZeLgkTYGNnzBOwBV4yimBlCqOLmVpuOiCIUTU4lE4K7+vI6aV1VXafqPl5Xand5HEU4g3O4BBduoAYP0IAmUJjAM7zCmzW1Xqx362PZWrDymVP4A+vzB2lZkoA=</latexit>

Batoul Diab - Hard Probes 2018 

Suppression + Enhancement

Tool: PbPb collisions



4

Cold Nuclear Matter

Initial state: Shadowing due to modification of nuclear PDFs

Initial-final: Energy loss due to parton propagation in medium

Final state: Nuclear absorption

Batoul Diab - Hard Probes 2018 

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

øc
<latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit>

J/  
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

! (2S)
<latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit><latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit><latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit><latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit>

Initial state 
effects

Final state 
effects

Charmonia as a probe of Cold Nuclear Matter effects:

Interaction with comoving particles 
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Cold Nuclear Matter

Initial state: Shadowing due to modification of nuclear PDFs

Initial-final: Energy loss due to parton propagation in medium

Final state: Nuclear absorption

Batoul Diab - Hard Probes 2018 

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

øc
<latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit>

J/  
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

! (2S)
<latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit><latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit><latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit><latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit>

Initial state 
effects

Final state 
effects

Negligible at LHC

Interaction with comoving particles 

Predict similar 
suppression for J/ψ 

and ψ(2S)

Charmonia as a probe of Cold Nuclear Matter effects:
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Cold Nuclear Matter

Initial state: Shadowing due to modification of nuclear PDFs

Initial-final: Energy loss due to parton propagation in medium

Final state: Nuclear absorption

Batoul Diab - Hard Probes 2018 

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

øc
<latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit><latexit sha1_base64="Ou8VNo8LZilYrRXZB44nITBZ2iA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkdmaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0ZU2qhNKdCA0TXLKm5VawTqoZJpFg7Wh8N/PbT0wbruSjnaQsTHAoecwpWie1exHqnE77lapf8+cgqyQoSBUKNPqVr95A0Sxh0lKBxnQDP7VhjtpyKti03MsMS5GOcci6jkpMmAnz+blTcu6UAYmVdiUtmau/J3JMjJkkketM0I7MsjcT//O6mY1vwpzLNLNM0sWiOBPEKjL7nQy4ZtSKiSNINXe3EjpCjdS6hMouhGD55VXSuqwFfi14uKrWb4s4SnAKZ3ABAVxDHe6hAU2gMIZneIU3L/VevHfvY9G65hUzJ/AH3ucPhA+PrA==</latexit>

J/  
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

! (2S)
<latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit><latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit><latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit><latexit sha1_base64="O6OKKk4B5ilMZL8K/2RGB7UzL+s=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEY0TwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldjfRvFy9P+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIUyeHAJNbiFOjSAgYBneIU359F5cd6dj0VrzslmjuEPnM8fBDiPSA==</latexit>

Initial state 
effects

Final state 
effects

Negligible at LHC

Interaction with comoving particles 

Predict similar 
suppression for J/ψ 

and ψ(2S)

Tool: pPb collisions

Charmonia as a probe of Cold Nuclear Matter effects:
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Charmonia production

d! (pp ! J/ " X )
<latexit sha1_base64="wbHuXnjojtneXrVkZCVRIE9QUJw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5qIoMuiG3FVwT6gCWUymaRDJ5NhZqKU0K0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufeeQDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqzSTmLRwylLZDZAijHLS0lQz0hWSoCRgpBMMryZ+555IRVN+p0eC+AmKOY0oRtpIfRuGnqJxgmpCQE/SeKCRlOkDvDnxhKKwe9y3q07dmQIuErcgVVCg2be/vDDFWUK4xgwp1XMdof0cSU0xI+OKlykiEB6imPQM5Sghys+nn4zhkVFCGKXSFNdwqv6eyFGi1CgJTGeC9EDNexPxP6+X6ejCzykXmSYczxZFGYM6hZNYYEglwZqNDEFYUnMrxAMkEdYmvIoJwZ1/eZG0T+uuU3dvz6qNyyKOMjgAh6AGXHAOGuAaNEELYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QNPSZlr</latexit><latexit sha1_base64="wbHuXnjojtneXrVkZCVRIE9QUJw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5qIoMuiG3FVwT6gCWUymaRDJ5NhZqKU0K0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufeeQDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqzSTmLRwylLZDZAijHLS0lQz0hWSoCRgpBMMryZ+555IRVN+p0eC+AmKOY0oRtpIfRuGnqJxgmpCQE/SeKCRlOkDvDnxhKKwe9y3q07dmQIuErcgVVCg2be/vDDFWUK4xgwp1XMdof0cSU0xI+OKlykiEB6imPQM5Sghys+nn4zhkVFCGKXSFNdwqv6eyFGi1CgJTGeC9EDNexPxP6+X6ejCzykXmSYczxZFGYM6hZNYYEglwZqNDEFYUnMrxAMkEdYmvIoJwZ1/eZG0T+uuU3dvz6qNyyKOMjgAh6AGXHAOGuAaNEELYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QNPSZlr</latexit><latexit sha1_base64="wbHuXnjojtneXrVkZCVRIE9QUJw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5qIoMuiG3FVwT6gCWUymaRDJ5NhZqKU0K0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufeeQDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqzSTmLRwylLZDZAijHLS0lQz0hWSoCRgpBMMryZ+555IRVN+p0eC+AmKOY0oRtpIfRuGnqJxgmpCQE/SeKCRlOkDvDnxhKKwe9y3q07dmQIuErcgVVCg2be/vDDFWUK4xgwp1XMdof0cSU0xI+OKlykiEB6imPQM5Sghys+nn4zhkVFCGKXSFNdwqv6eyFGi1CgJTGeC9EDNexPxP6+X6ejCzykXmSYczxZFGYM6hZNYYEglwZqNDEFYUnMrxAMkEdYmvIoJwZ1/eZG0T+uuU3dvz6qNyyKOMjgAh6AGXHAOGuAaNEELYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QNPSZlr</latexit><latexit sha1_base64="wbHuXnjojtneXrVkZCVRIE9QUJw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5qIoMuiG3FVwT6gCWUymaRDJ5NhZqKU0K0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufeeQDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqzSTmLRwylLZDZAijHLS0lQz0hWSoCRgpBMMryZ+555IRVN+p0eC+AmKOY0oRtpIfRuGnqJxgmpCQE/SeKCRlOkDvDnxhKKwe9y3q07dmQIuErcgVVCg2be/vDDFWUK4xgwp1XMdof0cSU0xI+OKlykiEB6imPQM5Sghys+nn4zhkVFCGKXSFNdwqv6eyFGi1CgJTGeC9EDNexPxP6+X6ejCzykXmSYczxZFGYM6hZNYYEglwZqNDEFYUnMrxAMkEdYmvIoJwZ1/eZG0T+uuU3dvz6qNyyKOMjgAh6AGXHAOGuAaNEELYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QNPSZlr</latexit>

!

n

d�[pp ! cc̄(n)X]
<latexit sha1_base64="SX1sltcRlEtIMqNV9mM9g2d5FIE=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBDiwbArgh6DXjxGMA/ILkvv7CQZMjO7zMwqYclXePFXvHhQxKt482+cPA6aWNBQVHXT3RWlnGnjut/O0vLK6tp6YaO4ubW9s1va22/qJFOENkjCE9WOQFPOJG0YZjhtp4qCiDhtRYPrsd+6p0qzRN6ZYUoDAT3JuoyAsVJYOvV1JsJcjnDsa9YT0ElT7CvW6xtQKnnAxI9A5WRUkSftICyV3ao7AV4k3oyU0Qz1sPTlxwnJBJWGcNC647mpCXJQhhFOR0U/0zQFMoAe7VgqQVAd5JO3RvjYKjHuJsqWNHii/p7IQWg9FJHtFGD6et4bi/95ncx0L4OcyTQzVJLpom7GsUnwOCMcM0WJ4UNLgChmb8WkDwqIsUkWbQje/MuLpHlW9dyqd3terl3N4iigQ3SEKshDF6iGblAdNRBBj+gZvaI358l5cd6dj2nrkjObOUB/4Hz+AMZWn7c=</latexit><latexit sha1_base64="SX1sltcRlEtIMqNV9mM9g2d5FIE=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBDiwbArgh6DXjxGMA/ILkvv7CQZMjO7zMwqYclXePFXvHhQxKt482+cPA6aWNBQVHXT3RWlnGnjut/O0vLK6tp6YaO4ubW9s1va22/qJFOENkjCE9WOQFPOJG0YZjhtp4qCiDhtRYPrsd+6p0qzRN6ZYUoDAT3JuoyAsVJYOvV1JsJcjnDsa9YT0ElT7CvW6xtQKnnAxI9A5WRUkSftICyV3ao7AV4k3oyU0Qz1sPTlxwnJBJWGcNC647mpCXJQhhFOR0U/0zQFMoAe7VgqQVAd5JO3RvjYKjHuJsqWNHii/p7IQWg9FJHtFGD6et4bi/95ncx0L4OcyTQzVJLpom7GsUnwOCMcM0WJ4UNLgChmb8WkDwqIsUkWbQje/MuLpHlW9dyqd3terl3N4iigQ3SEKshDF6iGblAdNRBBj+gZvaI358l5cd6dj2nrkjObOUB/4Hz+AMZWn7c=</latexit><latexit sha1_base64="SX1sltcRlEtIMqNV9mM9g2d5FIE=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBDiwbArgh6DXjxGMA/ILkvv7CQZMjO7zMwqYclXePFXvHhQxKt482+cPA6aWNBQVHXT3RWlnGnjut/O0vLK6tp6YaO4ubW9s1va22/qJFOENkjCE9WOQFPOJG0YZjhtp4qCiDhtRYPrsd+6p0qzRN6ZYUoDAT3JuoyAsVJYOvV1JsJcjnDsa9YT0ElT7CvW6xtQKnnAxI9A5WRUkSftICyV3ao7AV4k3oyU0Qz1sPTlxwnJBJWGcNC647mpCXJQhhFOR0U/0zQFMoAe7VgqQVAd5JO3RvjYKjHuJsqWNHii/p7IQWg9FJHtFGD6et4bi/95ncx0L4OcyTQzVJLpom7GsUnwOCMcM0WJ4UNLgChmb8WkDwqIsUkWbQje/MuLpHlW9dyqd3terl3N4iigQ3SEKshDF6iGblAdNRBBj+gZvaI358l5cd6dj2nrkjObOUB/4Hz+AMZWn7c=</latexit><latexit sha1_base64="SX1sltcRlEtIMqNV9mM9g2d5FIE=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBDiwbArgh6DXjxGMA/ILkvv7CQZMjO7zMwqYclXePFXvHhQxKt482+cPA6aWNBQVHXT3RWlnGnjut/O0vLK6tp6YaO4ubW9s1va22/qJFOENkjCE9WOQFPOJG0YZjhtp4qCiDhtRYPrsd+6p0qzRN6ZYUoDAT3JuoyAsVJYOvV1JsJcjnDsa9YT0ElT7CvW6xtQKnnAxI9A5WRUkSftICyV3ao7AV4k3oyU0Qz1sPTlxwnJBJWGcNC647mpCXJQhhFOR0U/0zQFMoAe7VgqQVAd5JO3RvjYKjHuJsqWNHii/p7IQWg9FJHtFGD6et4bi/95ncx0L4OcyTQzVJLpom7GsUnwOCMcM0WJ4UNLgChmb8WkDwqIsUkWbQje/MuLpHlW9dyqd3terl3N4iigQ3SEKshDF6iGblAdNRBBj+gZvaI358l5cd6dj2nrkjObOUB/4Hz+AMZWn7c=</latexit>

hOJ/ (n)i
<latexit sha1_base64="Seuerb3DGgKYG5M/Nbp7+MNbKdk=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRiE2MQ7EbQM2oiNEcwH5M6wt5kkS/b2jt09IRxpbPwrNhaK2Pof7Pw3bpIrNPHBwOO9GWbmBTFnSjvOt5VbWFxaXsmvFtbWNza37O2duooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGl2O/8QBSsUjc6WEMfkh6gnUZJdpIbXvf40T0OOCb+/T62IsVG5XEkScnYtsuOmVnAjxP3IwUUYZq2/7yOhFNQhCacqJUy3Vi7adEakY5jApeoiAmdEB60DJUkBCUn06+GOFDo3RwN5KmhMYT9fdESkKlhmFgOkOi+2rWG4v/ea1Ed8/9lIk40SDodFE34VhHeBwJ7jAJVPOhIYRKZm7FtE8kodoEVzAhuLMvz5P6Sdl1yu7tabFykcWRR3voAJWQi85QBV2hKqohih7RM3pFb9aT9WK9Wx/T1pyVzeyiP7A+fwCx6ZgM</latexit><latexit sha1_base64="Seuerb3DGgKYG5M/Nbp7+MNbKdk=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRiE2MQ7EbQM2oiNEcwH5M6wt5kkS/b2jt09IRxpbPwrNhaK2Pof7Pw3bpIrNPHBwOO9GWbmBTFnSjvOt5VbWFxaXsmvFtbWNza37O2duooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGl2O/8QBSsUjc6WEMfkh6gnUZJdpIbXvf40T0OOCb+/T62IsVG5XEkScnYtsuOmVnAjxP3IwUUYZq2/7yOhFNQhCacqJUy3Vi7adEakY5jApeoiAmdEB60DJUkBCUn06+GOFDo3RwN5KmhMYT9fdESkKlhmFgOkOi+2rWG4v/ea1Ed8/9lIk40SDodFE34VhHeBwJ7jAJVPOhIYRKZm7FtE8kodoEVzAhuLMvz5P6Sdl1yu7tabFykcWRR3voAJWQi85QBV2hKqohih7RM3pFb9aT9WK9Wx/T1pyVzeyiP7A+fwCx6ZgM</latexit><latexit sha1_base64="Seuerb3DGgKYG5M/Nbp7+MNbKdk=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRiE2MQ7EbQM2oiNEcwH5M6wt5kkS/b2jt09IRxpbPwrNhaK2Pof7Pw3bpIrNPHBwOO9GWbmBTFnSjvOt5VbWFxaXsmvFtbWNza37O2duooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGl2O/8QBSsUjc6WEMfkh6gnUZJdpIbXvf40T0OOCb+/T62IsVG5XEkScnYtsuOmVnAjxP3IwUUYZq2/7yOhFNQhCacqJUy3Vi7adEakY5jApeoiAmdEB60DJUkBCUn06+GOFDo3RwN5KmhMYT9fdESkKlhmFgOkOi+2rWG4v/ea1Ed8/9lIk40SDodFE34VhHeBwJ7jAJVPOhIYRKZm7FtE8kodoEVzAhuLMvz5P6Sdl1yu7tabFykcWRR3voAJWQi85QBV2hKqohih7RM3pFb9aT9WK9Wx/T1pyVzeyiP7A+fwCx6ZgM</latexit><latexit sha1_base64="Seuerb3DGgKYG5M/Nbp7+MNbKdk=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRiE2MQ7EbQM2oiNEcwH5M6wt5kkS/b2jt09IRxpbPwrNhaK2Pof7Pw3bpIrNPHBwOO9GWbmBTFnSjvOt5VbWFxaXsmvFtbWNza37O2duooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGl2O/8QBSsUjc6WEMfkh6gnUZJdpIbXvf40T0OOCb+/T62IsVG5XEkScnYtsuOmVnAjxP3IwUUYZq2/7yOhFNQhCacqJUy3Vi7adEakY5jApeoiAmdEB60DJUkBCUn06+GOFDo3RwN5KmhMYT9fdESkKlhmFgOkOi+2rWG4v/ea1Ed8/9lIk40SDodFE34VhHeBwJ7jAJVPOhIYRKZm7FtE8kodoEVzAhuLMvz5P6Sdl1yu7tabFykcWRR3voAJWQi85QBV2hKqohih7RM3pFb9aT9WK9Wx/T1pyVzeyiP7A+fwCx6ZgM</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>
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cc production cross 
section

Parton distribution 
functions

gg! cc cross section

Perturbative

Non-perturbative



5

Charmonia production

d! (pp ! J/ " X )
<latexit sha1_base64="wbHuXnjojtneXrVkZCVRIE9QUJw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5qIoMuiG3FVwT6gCWUymaRDJ5NhZqKU0K0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufeeQDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqzSTmLRwylLZDZAijHLS0lQz0hWSoCRgpBMMryZ+555IRVN+p0eC+AmKOY0oRtpIfRuGnqJxgmpCQE/SeKCRlOkDvDnxhKKwe9y3q07dmQIuErcgVVCg2be/vDDFWUK4xgwp1XMdof0cSU0xI+OKlykiEB6imPQM5Sghys+nn4zhkVFCGKXSFNdwqv6eyFGi1CgJTGeC9EDNexPxP6+X6ejCzykXmSYczxZFGYM6hZNYYEglwZqNDEFYUnMrxAMkEdYmvIoJwZ1/eZG0T+uuU3dvz6qNyyKOMjgAh6AGXHAOGuAaNEELYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QNPSZlr</latexit><latexit sha1_base64="wbHuXnjojtneXrVkZCVRIE9QUJw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5qIoMuiG3FVwT6gCWUymaRDJ5NhZqKU0K0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufeeQDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqzSTmLRwylLZDZAijHLS0lQz0hWSoCRgpBMMryZ+555IRVN+p0eC+AmKOY0oRtpIfRuGnqJxgmpCQE/SeKCRlOkDvDnxhKKwe9y3q07dmQIuErcgVVCg2be/vDDFWUK4xgwp1XMdof0cSU0xI+OKlykiEB6imPQM5Sghys+nn4zhkVFCGKXSFNdwqv6eyFGi1CgJTGeC9EDNexPxP6+X6ejCzykXmSYczxZFGYM6hZNYYEglwZqNDEFYUnMrxAMkEdYmvIoJwZ1/eZG0T+uuU3dvz6qNyyKOMjgAh6AGXHAOGuAaNEELYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QNPSZlr</latexit><latexit sha1_base64="wbHuXnjojtneXrVkZCVRIE9QUJw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5qIoMuiG3FVwT6gCWUymaRDJ5NhZqKU0K0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufeeQDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqzSTmLRwylLZDZAijHLS0lQz0hWSoCRgpBMMryZ+555IRVN+p0eC+AmKOY0oRtpIfRuGnqJxgmpCQE/SeKCRlOkDvDnxhKKwe9y3q07dmQIuErcgVVCg2be/vDDFWUK4xgwp1XMdof0cSU0xI+OKlykiEB6imPQM5Sghys+nn4zhkVFCGKXSFNdwqv6eyFGi1CgJTGeC9EDNexPxP6+X6ejCzykXmSYczxZFGYM6hZNYYEglwZqNDEFYUnMrxAMkEdYmvIoJwZ1/eZG0T+uuU3dvz6qNyyKOMjgAh6AGXHAOGuAaNEELYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QNPSZlr</latexit><latexit sha1_base64="wbHuXnjojtneXrVkZCVRIE9QUJw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5qIoMuiG3FVwT6gCWUymaRDJ5NhZqKU0K0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufeeQDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqzSTmLRwylLZDZAijHLS0lQz0hWSoCRgpBMMryZ+555IRVN+p0eC+AmKOY0oRtpIfRuGnqJxgmpCQE/SeKCRlOkDvDnxhKKwe9y3q07dmQIuErcgVVCg2be/vDDFWUK4xgwp1XMdof0cSU0xI+OKlykiEB6imPQM5Sghys+nn4zhkVFCGKXSFNdwqv6eyFGi1CgJTGeC9EDNexPxP6+X6ejCzykXmSYczxZFGYM6hZNYYEglwZqNDEFYUnMrxAMkEdYmvIoJwZ1/eZG0T+uuU3dvz6qNyyKOMjgAh6AGXHAOGuAaNEELYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QNPSZlr</latexit>

!

n

d�[pp ! cc̄(n)X]
<latexit sha1_base64="SX1sltcRlEtIMqNV9mM9g2d5FIE=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBDiwbArgh6DXjxGMA/ILkvv7CQZMjO7zMwqYclXePFXvHhQxKt482+cPA6aWNBQVHXT3RWlnGnjut/O0vLK6tp6YaO4ubW9s1va22/qJFOENkjCE9WOQFPOJG0YZjhtp4qCiDhtRYPrsd+6p0qzRN6ZYUoDAT3JuoyAsVJYOvV1JsJcjnDsa9YT0ElT7CvW6xtQKnnAxI9A5WRUkSftICyV3ao7AV4k3oyU0Qz1sPTlxwnJBJWGcNC647mpCXJQhhFOR0U/0zQFMoAe7VgqQVAd5JO3RvjYKjHuJsqWNHii/p7IQWg9FJHtFGD6et4bi/95ncx0L4OcyTQzVJLpom7GsUnwOCMcM0WJ4UNLgChmb8WkDwqIsUkWbQje/MuLpHlW9dyqd3terl3N4iigQ3SEKshDF6iGblAdNRBBj+gZvaI358l5cd6dj2nrkjObOUB/4Hz+AMZWn7c=</latexit><latexit sha1_base64="SX1sltcRlEtIMqNV9mM9g2d5FIE=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBDiwbArgh6DXjxGMA/ILkvv7CQZMjO7zMwqYclXePFXvHhQxKt482+cPA6aWNBQVHXT3RWlnGnjut/O0vLK6tp6YaO4ubW9s1va22/qJFOENkjCE9WOQFPOJG0YZjhtp4qCiDhtRYPrsd+6p0qzRN6ZYUoDAT3JuoyAsVJYOvV1JsJcjnDsa9YT0ElT7CvW6xtQKnnAxI9A5WRUkSftICyV3ao7AV4k3oyU0Qz1sPTlxwnJBJWGcNC647mpCXJQhhFOR0U/0zQFMoAe7VgqQVAd5JO3RvjYKjHuJsqWNHii/p7IQWg9FJHtFGD6et4bi/95ncx0L4OcyTQzVJLpom7GsUnwOCMcM0WJ4UNLgChmb8WkDwqIsUkWbQje/MuLpHlW9dyqd3terl3N4iigQ3SEKshDF6iGblAdNRBBj+gZvaI358l5cd6dj2nrkjObOUB/4Hz+AMZWn7c=</latexit><latexit sha1_base64="SX1sltcRlEtIMqNV9mM9g2d5FIE=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBDiwbArgh6DXjxGMA/ILkvv7CQZMjO7zMwqYclXePFXvHhQxKt482+cPA6aWNBQVHXT3RWlnGnjut/O0vLK6tp6YaO4ubW9s1va22/qJFOENkjCE9WOQFPOJG0YZjhtp4qCiDhtRYPrsd+6p0qzRN6ZYUoDAT3JuoyAsVJYOvV1JsJcjnDsa9YT0ElT7CvW6xtQKnnAxI9A5WRUkSftICyV3ao7AV4k3oyU0Qz1sPTlxwnJBJWGcNC647mpCXJQhhFOR0U/0zQFMoAe7VgqQVAd5JO3RvjYKjHuJsqWNHii/p7IQWg9FJHtFGD6et4bi/95ncx0L4OcyTQzVJLpom7GsUnwOCMcM0WJ4UNLgChmb8WkDwqIsUkWbQje/MuLpHlW9dyqd3terl3N4iigQ3SEKshDF6iGblAdNRBBj+gZvaI358l5cd6dj2nrkjObOUB/4Hz+AMZWn7c=</latexit><latexit sha1_base64="SX1sltcRlEtIMqNV9mM9g2d5FIE=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBDiwbArgh6DXjxGMA/ILkvv7CQZMjO7zMwqYclXePFXvHhQxKt482+cPA6aWNBQVHXT3RWlnGnjut/O0vLK6tp6YaO4ubW9s1va22/qJFOENkjCE9WOQFPOJG0YZjhtp4qCiDhtRYPrsd+6p0qzRN6ZYUoDAT3JuoyAsVJYOvV1JsJcjnDsa9YT0ElT7CvW6xtQKnnAxI9A5WRUkSftICyV3ao7AV4k3oyU0Qz1sPTlxwnJBJWGcNC647mpCXJQhhFOR0U/0zQFMoAe7VgqQVAd5JO3RvjYKjHuJsqWNHii/p7IQWg9FJHtFGD6et4bi/95ncx0L4OcyTQzVJLpom7GsUnwOCMcM0WJ4UNLgChmb8WkDwqIsUkWbQje/MuLpHlW9dyqd3terl3N4iigQ3SEKshDF6iGblAdNRBBj+gZvaI358l5cd6dj2nrkjObOUB/4Hz+AMZWn7c=</latexit>

hOJ/ (n)i
<latexit sha1_base64="Seuerb3DGgKYG5M/Nbp7+MNbKdk=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRiE2MQ7EbQM2oiNEcwH5M6wt5kkS/b2jt09IRxpbPwrNhaK2Pof7Pw3bpIrNPHBwOO9GWbmBTFnSjvOt5VbWFxaXsmvFtbWNza37O2duooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGl2O/8QBSsUjc6WEMfkh6gnUZJdpIbXvf40T0OOCb+/T62IsVG5XEkScnYtsuOmVnAjxP3IwUUYZq2/7yOhFNQhCacqJUy3Vi7adEakY5jApeoiAmdEB60DJUkBCUn06+GOFDo3RwN5KmhMYT9fdESkKlhmFgOkOi+2rWG4v/ea1Ed8/9lIk40SDodFE34VhHeBwJ7jAJVPOhIYRKZm7FtE8kodoEVzAhuLMvz5P6Sdl1yu7tabFykcWRR3voAJWQi85QBV2hKqohih7RM3pFb9aT9WK9Wx/T1pyVzeyiP7A+fwCx6ZgM</latexit><latexit sha1_base64="Seuerb3DGgKYG5M/Nbp7+MNbKdk=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRiE2MQ7EbQM2oiNEcwH5M6wt5kkS/b2jt09IRxpbPwrNhaK2Pof7Pw3bpIrNPHBwOO9GWbmBTFnSjvOt5VbWFxaXsmvFtbWNza37O2duooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGl2O/8QBSsUjc6WEMfkh6gnUZJdpIbXvf40T0OOCb+/T62IsVG5XEkScnYtsuOmVnAjxP3IwUUYZq2/7yOhFNQhCacqJUy3Vi7adEakY5jApeoiAmdEB60DJUkBCUn06+GOFDo3RwN5KmhMYT9fdESkKlhmFgOkOi+2rWG4v/ea1Ed8/9lIk40SDodFE34VhHeBwJ7jAJVPOhIYRKZm7FtE8kodoEVzAhuLMvz5P6Sdl1yu7tabFykcWRR3voAJWQi85QBV2hKqohih7RM3pFb9aT9WK9Wx/T1pyVzeyiP7A+fwCx6ZgM</latexit><latexit sha1_base64="Seuerb3DGgKYG5M/Nbp7+MNbKdk=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRiE2MQ7EbQM2oiNEcwH5M6wt5kkS/b2jt09IRxpbPwrNhaK2Pof7Pw3bpIrNPHBwOO9GWbmBTFnSjvOt5VbWFxaXsmvFtbWNza37O2duooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGl2O/8QBSsUjc6WEMfkh6gnUZJdpIbXvf40T0OOCb+/T62IsVG5XEkScnYtsuOmVnAjxP3IwUUYZq2/7yOhFNQhCacqJUy3Vi7adEakY5jApeoiAmdEB60DJUkBCUn06+GOFDo3RwN5KmhMYT9fdESkKlhmFgOkOi+2rWG4v/ea1Ed8/9lIk40SDodFE34VhHeBwJ7jAJVPOhIYRKZm7FtE8kodoEVzAhuLMvz5P6Sdl1yu7tabFykcWRR3voAJWQi85QBV2hKqohih7RM3pFb9aT9WK9Wx/T1pyVzeyiP7A+fwCx6ZgM</latexit><latexit sha1_base64="Seuerb3DGgKYG5M/Nbp7+MNbKdk=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRiE2MQ7EbQM2oiNEcwH5M6wt5kkS/b2jt09IRxpbPwrNhaK2Pof7Pw3bpIrNPHBwOO9GWbmBTFnSjvOt5VbWFxaXsmvFtbWNza37O2duooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGl2O/8QBSsUjc6WEMfkh6gnUZJdpIbXvf40T0OOCb+/T62IsVG5XEkScnYtsuOmVnAjxP3IwUUYZq2/7yOhFNQhCacqJUy3Vi7adEakY5jApeoiAmdEB60DJUkBCUn06+GOFDo3RwN5KmhMYT9fdESkKlhmFgOkOi+2rWG4v/ea1Ed8/9lIk40SDodFE34VhHeBwJ7jAJVPOhIYRKZm7FtE8kodoEVzAhuLMvz5P6Sdl1yu7tabFykcWRR3voAJWQi85QBV2hKqohih7RM3pFb9aT9WK9Wx/T1pyVzeyiP7A+fwCx6ZgM</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>
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<latexit sha1_base64="PxpNGk31IWnId9Afl6UbZour2Kk="></latexit><latexit sha1_base64="PxpNGk31IWnId9Afl6UbZour2Kk="></latexit><latexit sha1_base64="PxpNGk31IWnId9Afl6UbZour2Kk="></latexit><latexit sha1_base64="PxpNGk31IWnId9Afl6UbZour2Kk="></latexit>

cc production cross 
section

Parton distribution 
functions

gg! cc cross section

Perturbative

Non-perturbative

Tool: pp collisions



Primary  
vertex

B
J/ !

L xy

µ+

µ!

Secondary  
vertex

6

Prompt vs nonprompt charmonia

J/  
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

beam beam
collision

J/  
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

beam beam
collision

B

Directly in the collision 
Decay of heavier Charmonium states 

Prompt: 

Nonprompt:
Decay of b hadrons

Separation based on the 
pseudo-proper decay length lJ/!

<latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit>

Batoul Diab - Hard Probes 2018 

l2D
J/  = Lxy .

m

pT
<latexit sha1_base64="5LX0beOrI6b5zOdyRGjgMBR/1bQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhd1aQIuhGKuhBxUaEvaGKYTCft0MmDmYlYhvyCG3/FjQtF3Lpz5984bbPQ1gMXDufcy733+AmjQlrWt7GwuLS8slpYK65vbG5tmzu7LRGnHJMmjlnMOz4ShNGINCWVjHQSTlDoM9L2hxdjv31PuKBx1JCjhLgh6kc0oBhJLXlmmXnq+shJBM3uVPUyg2fwxlMPo6ziBBxhFWYq8VQjyzyzZFWsCeA8sXNSAjnqnvnl9GKchiSSmCEhuraVSFchLilmJCs6qSAJwkPUJ11NIxQS4arJRxk81EoPBjHXFUk4UX9PKBQKMQp93RkiORCz3lj8z+umMjh1FY2SVJIITxcFKYMyhuN4YI9ygiUbaYIwp/pWiAdIJyF1iEUdgj378jxpVSu2VbFvj0u18zyOAtgHB6AMbHACauAK1EETYPAInsEreDOejBfj3fiYti4Y+cwe+APj8we8RZ2a</latexit><latexit sha1_base64="5LX0beOrI6b5zOdyRGjgMBR/1bQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhd1aQIuhGKuhBxUaEvaGKYTCft0MmDmYlYhvyCG3/FjQtF3Lpz5984bbPQ1gMXDufcy733+AmjQlrWt7GwuLS8slpYK65vbG5tmzu7LRGnHJMmjlnMOz4ShNGINCWVjHQSTlDoM9L2hxdjv31PuKBx1JCjhLgh6kc0oBhJLXlmmXnq+shJBM3uVPUyg2fwxlMPo6ziBBxhFWYq8VQjyzyzZFWsCeA8sXNSAjnqnvnl9GKchiSSmCEhuraVSFchLilmJCs6qSAJwkPUJ11NIxQS4arJRxk81EoPBjHXFUk4UX9PKBQKMQp93RkiORCz3lj8z+umMjh1FY2SVJIITxcFKYMyhuN4YI9ygiUbaYIwp/pWiAdIJyF1iEUdgj378jxpVSu2VbFvj0u18zyOAtgHB6AMbHACauAK1EETYPAInsEreDOejBfj3fiYti4Y+cwe+APj8we8RZ2a</latexit><latexit sha1_base64="5LX0beOrI6b5zOdyRGjgMBR/1bQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhd1aQIuhGKuhBxUaEvaGKYTCft0MmDmYlYhvyCG3/FjQtF3Lpz5984bbPQ1gMXDufcy733+AmjQlrWt7GwuLS8slpYK65vbG5tmzu7LRGnHJMmjlnMOz4ShNGINCWVjHQSTlDoM9L2hxdjv31PuKBx1JCjhLgh6kc0oBhJLXlmmXnq+shJBM3uVPUyg2fwxlMPo6ziBBxhFWYq8VQjyzyzZFWsCeA8sXNSAjnqnvnl9GKchiSSmCEhuraVSFchLilmJCs6qSAJwkPUJ11NIxQS4arJRxk81EoPBjHXFUk4UX9PKBQKMQp93RkiORCz3lj8z+umMjh1FY2SVJIITxcFKYMyhuN4YI9ygiUbaYIwp/pWiAdIJyF1iEUdgj378jxpVSu2VbFvj0u18zyOAtgHB6AMbHACauAK1EETYPAInsEreDOejBfj3fiYti4Y+cwe+APj8we8RZ2a</latexit><latexit sha1_base64="5LX0beOrI6b5zOdyRGjgMBR/1bQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhd1aQIuhGKuhBxUaEvaGKYTCft0MmDmYlYhvyCG3/FjQtF3Lpz5984bbPQ1gMXDufcy733+AmjQlrWt7GwuLS8slpYK65vbG5tmzu7LRGnHJMmjlnMOz4ShNGINCWVjHQSTlDoM9L2hxdjv31PuKBx1JCjhLgh6kc0oBhJLXlmmXnq+shJBM3uVPUyg2fwxlMPo6ziBBxhFWYq8VQjyzyzZFWsCeA8sXNSAjnqnvnl9GKchiSSmCEhuraVSFchLilmJCs6qSAJwkPUJ11NIxQS4arJRxk81EoPBjHXFUk4UX9PKBQKMQp93RkiORCz3lj8z+umMjh1FY2SVJIITxcFKYMyhuN4YI9ygiUbaYIwp/pWiAdIJyF1iEUdgj378jxpVSu2VbFvj0u18zyOAtgHB6AMbHACauAK1EETYPAInsEreDOejBfj3fiYti4Y+cwe+APj8we8RZ2a</latexit>
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Prompt vs nonprompt charmonia

J/  
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

beam beam
collision

J/  
<latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit><latexit sha1_base64="c8HyLjMKLPd5Cxf7lvEoBhqfMJQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqe6KoMeiF/FUwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+64lpw5V8sOOEBTEZSB5xSqyTmndn3cTwXrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+/qNSu8ziKcATHcAo+XEINbqEODaDwCM/wCm9IoRf0jj7mrQWUzxzCH6DPHye2jtc=</latexit>

beam beam
collision

B

Directly in the collision 
Decay of heavier Charmonium states 

Prompt: 

Nonprompt:
Decay of b hadrons

Separation based on the 
pseudo-proper decay length lJ/!

<latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit>

Batoul Diab - Hard Probes 2018 

Primary  
vertex

B
J/ !

L xy

µ+

µ!

Secondary  
vertex

l2D
J/  = Lxy .

m

pT
<latexit sha1_base64="5LX0beOrI6b5zOdyRGjgMBR/1bQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhd1aQIuhGKuhBxUaEvaGKYTCft0MmDmYlYhvyCG3/FjQtF3Lpz5984bbPQ1gMXDufcy733+AmjQlrWt7GwuLS8slpYK65vbG5tmzu7LRGnHJMmjlnMOz4ShNGINCWVjHQSTlDoM9L2hxdjv31PuKBx1JCjhLgh6kc0oBhJLXlmmXnq+shJBM3uVPUyg2fwxlMPo6ziBBxhFWYq8VQjyzyzZFWsCeA8sXNSAjnqnvnl9GKchiSSmCEhuraVSFchLilmJCs6qSAJwkPUJ11NIxQS4arJRxk81EoPBjHXFUk4UX9PKBQKMQp93RkiORCz3lj8z+umMjh1FY2SVJIITxcFKYMyhuN4YI9ygiUbaYIwp/pWiAdIJyF1iEUdgj378jxpVSu2VbFvj0u18zyOAtgHB6AMbHACauAK1EETYPAInsEreDOejBfj3fiYti4Y+cwe+APj8we8RZ2a</latexit><latexit sha1_base64="5LX0beOrI6b5zOdyRGjgMBR/1bQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhd1aQIuhGKuhBxUaEvaGKYTCft0MmDmYlYhvyCG3/FjQtF3Lpz5984bbPQ1gMXDufcy733+AmjQlrWt7GwuLS8slpYK65vbG5tmzu7LRGnHJMmjlnMOz4ShNGINCWVjHQSTlDoM9L2hxdjv31PuKBx1JCjhLgh6kc0oBhJLXlmmXnq+shJBM3uVPUyg2fwxlMPo6ziBBxhFWYq8VQjyzyzZFWsCeA8sXNSAjnqnvnl9GKchiSSmCEhuraVSFchLilmJCs6qSAJwkPUJ11NIxQS4arJRxk81EoPBjHXFUk4UX9PKBQKMQp93RkiORCz3lj8z+umMjh1FY2SVJIITxcFKYMyhuN4YI9ygiUbaYIwp/pWiAdIJyF1iEUdgj378jxpVSu2VbFvj0u18zyOAtgHB6AMbHACauAK1EETYPAInsEreDOejBfj3fiYti4Y+cwe+APj8we8RZ2a</latexit><latexit sha1_base64="5LX0beOrI6b5zOdyRGjgMBR/1bQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhd1aQIuhGKuhBxUaEvaGKYTCft0MmDmYlYhvyCG3/FjQtF3Lpz5984bbPQ1gMXDufcy733+AmjQlrWt7GwuLS8slpYK65vbG5tmzu7LRGnHJMmjlnMOz4ShNGINCWVjHQSTlDoM9L2hxdjv31PuKBx1JCjhLgh6kc0oBhJLXlmmXnq+shJBM3uVPUyg2fwxlMPo6ziBBxhFWYq8VQjyzyzZFWsCeA8sXNSAjnqnvnl9GKchiSSmCEhuraVSFchLilmJCs6qSAJwkPUJ11NIxQS4arJRxk81EoPBjHXFUk4UX9PKBQKMQp93RkiORCz3lj8z+umMjh1FY2SVJIITxcFKYMyhuN4YI9ygiUbaYIwp/pWiAdIJyF1iEUdgj378jxpVSu2VbFvj0u18zyOAtgHB6AMbHACauAK1EETYPAInsEreDOejBfj3fiYti4Y+cwe+APj8we8RZ2a</latexit><latexit sha1_base64="5LX0beOrI6b5zOdyRGjgMBR/1bQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhd1aQIuhGKuhBxUaEvaGKYTCft0MmDmYlYhvyCG3/FjQtF3Lpz5984bbPQ1gMXDufcy733+AmjQlrWt7GwuLS8slpYK65vbG5tmzu7LRGnHJMmjlnMOz4ShNGINCWVjHQSTlDoM9L2hxdjv31PuKBx1JCjhLgh6kc0oBhJLXlmmXnq+shJBM3uVPUyg2fwxlMPo6ziBBxhFWYq8VQjyzyzZFWsCeA8sXNSAjnqnvnl9GKchiSSmCEhuraVSFchLilmJCs6qSAJwkPUJ11NIxQS4arJRxk81EoPBjHXFUk4UX9PKBQKMQp93RkiORCz3lj8z+umMjh1FY2SVJIITxcFKYMyhuN4YI9ygiUbaYIwp/pWiAdIJyF1iEUdgj378jxpVSu2VbFvj0u18zyOAtgHB6AMbHACauAK1EETYPAInsEreDOejBfj3fiYti4Y+cwe+APj8we8RZ2a</latexit>
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•  2D fits of dimuon mass and pseudo-proper decay length

Prompt vs nonprompt charmonia
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• Rejecting nonprompt using a cut on lJ/ !
<latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit>

Two techniques to separate the two components:

+ corrections to account for remaining 
nonprompt contamination

Prompt

Nonprompt

lJ/  cut
<latexit sha1_base64="u3rLHDZGKyBxAKZ6BNcV/nbgOog=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU01E0GPRi3iqYD+gCWGz3bZLN5uwOyvU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngGjzv21lZXVvf2Cxtlbd3dvcq7v5BS6dGUdakqUhVJyaaCS5ZEzgI1skUI0ksWDse3Uz99iNTmqfyAcYZCxMykLzPKQErRW5FRPndWZBpPgkwNRC5Va/mzYCXiV+QKirQiNyvoJdSkzAJVBCtu76XQZgTBZwKNikHRrOM0BEZsK6lkiRMh/ns8Ak+sUoP91NlSwKeqb8ncpJoPU5i25kQGOpFbyr+53UN9K/CnMvMAJN0vqhvBIYUT1PAPa4YBTG2hFDF7a2YDokiFGxWZRuCv/jyMmmd13yv5t9fVOvXRRwldISO0Sny0SWqo1vUQE1EkUHP6BW9OU/Oi/PufMxbV5xi5hD9gfP5A23nku0=</latexit><latexit sha1_base64="u3rLHDZGKyBxAKZ6BNcV/nbgOog=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU01E0GPRi3iqYD+gCWGz3bZLN5uwOyvU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngGjzv21lZXVvf2Cxtlbd3dvcq7v5BS6dGUdakqUhVJyaaCS5ZEzgI1skUI0ksWDse3Uz99iNTmqfyAcYZCxMykLzPKQErRW5FRPndWZBpPgkwNRC5Va/mzYCXiV+QKirQiNyvoJdSkzAJVBCtu76XQZgTBZwKNikHRrOM0BEZsK6lkiRMh/ns8Ak+sUoP91NlSwKeqb8ncpJoPU5i25kQGOpFbyr+53UN9K/CnMvMAJN0vqhvBIYUT1PAPa4YBTG2hFDF7a2YDokiFGxWZRuCv/jyMmmd13yv5t9fVOvXRRwldISO0Sny0SWqo1vUQE1EkUHP6BW9OU/Oi/PufMxbV5xi5hD9gfP5A23nku0=</latexit><latexit sha1_base64="u3rLHDZGKyBxAKZ6BNcV/nbgOog=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU01E0GPRi3iqYD+gCWGz3bZLN5uwOyvU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngGjzv21lZXVvf2Cxtlbd3dvcq7v5BS6dGUdakqUhVJyaaCS5ZEzgI1skUI0ksWDse3Uz99iNTmqfyAcYZCxMykLzPKQErRW5FRPndWZBpPgkwNRC5Va/mzYCXiV+QKirQiNyvoJdSkzAJVBCtu76XQZgTBZwKNikHRrOM0BEZsK6lkiRMh/ns8Ak+sUoP91NlSwKeqb8ncpJoPU5i25kQGOpFbyr+53UN9K/CnMvMAJN0vqhvBIYUT1PAPa4YBTG2hFDF7a2YDokiFGxWZRuCv/jyMmmd13yv5t9fVOvXRRwldISO0Sny0SWqo1vUQE1EkUHP6BW9OU/Oi/PufMxbV5xi5hD9gfP5A23nku0=</latexit><latexit sha1_base64="u3rLHDZGKyBxAKZ6BNcV/nbgOog=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU01E0GPRi3iqYD+gCWGz3bZLN5uwOyvU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngGjzv21lZXVvf2Cxtlbd3dvcq7v5BS6dGUdakqUhVJyaaCS5ZEzgI1skUI0ksWDse3Uz99iNTmqfyAcYZCxMykLzPKQErRW5FRPndWZBpPgkwNRC5Va/mzYCXiV+QKirQiNyvoJdSkzAJVBCtu76XQZgTBZwKNikHRrOM0BEZsK6lkiRMh/ns8Ak+sUoP91NlSwKeqb8ncpJoPU5i25kQGOpFbyr+53UN9K/CnMvMAJN0vqhvBIYUT1PAPa4YBTG2hFDF7a2YDokiFGxWZRuCv/jyMmmd13yv5t9fVOvXRRwldISO0Sny0SWqo1vUQE1EkUHP6BW9OU/Oi/PufMxbV5xi5hD9gfP5A23nku0=</latexit>

lJ/ 
<latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit><latexit sha1_base64="7DyK7aijCJ3dzY2CE66yF4kJv0U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPRi3iqYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrPcpednfWTYyY9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPCEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6fukLzRnKMeWUKaFvZWwIdWUoQ2pZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hzjvDjvzse8teDkM4fwB87nD3N1kMI=</latexit>

Cut efficiency

B 
fra

ct
io

n

Batoul Diab - Hard Probes 2018 



8

J/ψ in PbPb
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Eur. Phys. J. C 78 (2018) 509

8PH

RAA<1 !  J/ψ is suppressed
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J/ψ in PbPb
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Eur. Phys. J. C 78 (2018) 509

Lower suppression at low pT  
Regeneration effect is largest at low pT 

!  Regeneration

8PH

Nucl. Phys. A 09 (2015) 006

Regeneration of J/ψ
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J/ψ in PbPb
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Eur. Phys. J. C 78 (2018) 509

Lower suppression at high pT  
Similar RAA for hidden and open charm
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J/ψ and ψ(2S) in PbPb

Larger suppression for ψ(2S) than J/ψ
Increasing suppression towards central events

Batoul Diab - Hard Probes 2018 
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Eur. Phys. J. C 78 (2018) 509

8PH
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Charmonia in pPb
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RpPb(2S) < RpPb(1S) for all bins 
RpPb(2S)<1 !  ψ(2S) is suppressed

Expect same modification of J/ψ and ψ(2S) from nPDF and ELoss 
Indication of final state effect: interactions with comovers? 

Batoul Diab - Hard Probes 2018 

arXiv:1805.02248

8PH
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Charm dynamics in pPb

Batoul Diab - Hard Probes 2018 

J/ψ v2 needed to complete the picture of charm dynamics

• In PbPb: Collectivity reflects the QGP response to the initial collision geometry 
• In pPb: Observation of collective behaviour

D0 v2 > 0 in pPb
D0: charm quark + light quark "
flow from u or c quark? 

Ph
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J/ψ v2 in pPb

Batoul Diab - Hard Probes 2018 

Clear observation of prompt J/ψ v2 in pPb collisions

QGP in pPb collisions? 
!  Direct evidence of charm collectivity 

CMS PAS HIN-18-010
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Charmonia production

Batoul Diab - Hard Probes 2018 

Color Singlet Model?
Color Evaporation Model?

Non-Relativistic QCD?
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Charmonia production

Batoul Diab - Hard Probes 2018 

Color Singlet Model?
Color Evaporation Model?

Non-Relativistic QCD?

Singlet? Octet?

Isolation?

Polarisation?

?

?

?

?

?

?

?

?



J/ψ in jets

14 Batoul Diab - Hard Probes 2018 

Jet axisJ/ 

�

!

pT

• Fragmentation function? 

• Fraction of J/ψ produced in jets? 

z =
pT,J/ !

pT,jet
<latexit sha1_base64="2qX53nDwrmUHd+AHxS+KrpYmIvk="></latexit><latexit sha1_base64="2qX53nDwrmUHd+AHxS+KrpYmIvk="></latexit><latexit sha1_base64="2qX53nDwrmUHd+AHxS+KrpYmIvk="></latexit><latexit sha1_base64="2qX53nDwrmUHd+AHxS+KrpYmIvk="></latexit>

Isolation? J/ψ in jets
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Different behaviour in data and Pythia  
J/ψ are less isolated in data
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J/ψ in jets in pp

Batoul Diab - Hard Probes 2018 

CMS PAS HIN-18-012
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Under-predicted in Pythia: 2 times more J/ψ in jets in data than PYTHIA8

J/ψ-in-jet fraction
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Batoul Diab - Hard Probes 2018 

Less than 2% due to the kinematic range selected
CMS PAS HIN-18-012
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CMS vs LHCb

Batoul Diab - Hard Probes 2018 

CMS PAS HIN-18-012
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Similar results in CMS and LHCb in different kinematic regions

Phys. Rev. Lett. 118 (2017) 192001
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NRQCD on J/ψ in jets

Batoul Diab - Hard Probes 2018 

Better agreement with LHCb results than Pythia

Recent theoretical approach: J/ψ could be produced in 
parton showers
Hard gluon!  shower !  gluon of virtuality 2m !  J/ψ

GFIP: Gluon Fragmentation 
Improved Pythia 

FJF: Fragmentation Jet 
Functions

Phys. Rev. Lett. 119 (2017) 032002

c
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And back to PbPb

Batoul Diab - Hard Probes 2018 

J/ψ suppression in PbPb:  
• Role of jet quenching?

Might change the interpretation 
of J/ψ results in HI

!  J/ψ in jets in PbPb
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• Regeneration
• ELoss

• Interaction with 
comovers?

• QGP in pPb?

• Production in 
parton showers?
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RpPb decreasing with rapidity 
Models predict lower RpPb 

RpPb>1 at high pT for all rapidity range
Eur. Phys. J. C 77 (2017) 269

8PH
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Similar behaviour in data and Pythia
Expected due to the decay kinematics
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Less than 7% of J/ψ produced in jets 
Under-predicted in Pythia
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