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Unique access to 
non-linear part of 

the QCD  
phase diagram

Observe 
non-linear  
evolution  

 (BK, JIMLWK) 
in high-density 
gluon matter!

Aschenauer et al, arXiv:1708.01527 

http://arxiv.org/abs/arXiv:1708.01527


Large kinematical reach of the LHeC
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Kinematical reach 
in ep down to

Significant extension  
to HERA and EIC



Partonic structure of the proton
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Proton pdfs have large  
uncertainties at small x

Example: charm-F2  
constraints small-x gluon

Reduce (dominant) uncertainty in many LHC studies!



Nuclear small-x gluon: pA is not enough
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The EPPS16 nuclear modification for 208Pb at Q2 = m2
charm

Total uncertainties shown as blue bands, individual error sets in green
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Figure 3: The nuclear modifications RV , RS , RG for Carbon (upper group of panels) and
Lead (lower group of panels) at our initial scale Q2

0 = 1.69GeV2 and at Q2 = 100GeV2.
The thick black lines indicate the best-fit results, whereas the dotted green curves denote the
error sets. The shaded bands are computed from Eq. (13).

At our parametrization scale Q2
0 there are large uncertainties in both small-x and

large-x gluons. Only at moderate x the gluons are somewhat better controlled as the
precision small-x DIS data — although directly more sensitive to the sea quarks —
constrain the gluons at slightly higher x due to the parton branching encoded into
DGLAP evolution. At higher Q2 the small-x uncertainty rapidly shrinks whereas at
large x a sizable uncertainty band persists.

12

Rg(x,Q
2 = 1.692 GeV2)Modification to gluon PDF

EPS09: fixed target DIS 
+ RHIC pions

EPPS16*: including 
some LHC data (dijets in pA) 

[and more freedom in fit]

The EPPS16 nuclear modification for 208Pb at Q2 = m2
charm

Total uncertainties shown as blue bands, individual error sets in green
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H. Paukkunen (Jyväskylä Univ.) Status of nuclear PDFs after the first LHC p-Pb run Quark Matter 2017, February 10th 23 / 40

Precise access to gluon requires an eA collider
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See N. Armesto on Wednesday



Beyond fixed order calculations

!6

At small x, gluon density ~ inverse coupling, and resummation 
of large logarithms of                is necessary↵s ln 1/x

<latexit sha1_base64="4aopa1CCtZY4Z7pZltYTax6gTuw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuKqJCLosunFZwV6gDeFkOm2HTiZhZlIsoW/ixoUibn0Td76N08tCW38Y+PjPOZwzf5QKro3nfTuFtfWNza3idmlnd2//wD08augkU5TVaSIS1YpQM8ElqxtuBGulimEcCdaMhnfTenPElOaJfDTjlAUx9iXvcYrGWqHrdlCkAww16QhJ/Iun0C17FW8msgr+AsqwUC10vzrdhGYxk4YK1Lrte6kJclSGU8EmpU6mWYp0iH3WtigxZjrIZ5dPyJl1uqSXKPukITP390SOsdbjOLKdMZqBXq5Nzf9q7cz0boKcyzQzTNL5ol4miEnINAbS5YpRI8YWkCpubyV0gAqpsWGVbAj+8pdXoXFZ8S0/XJWrt4s4inACp3AOPlxDFe6hBnWgMIJneIU3J3denHfnY95acBYzx/BHzucPWHaSzQ==</latexit><latexit sha1_base64="4aopa1CCtZY4Z7pZltYTax6gTuw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuKqJCLosunFZwV6gDeFkOm2HTiZhZlIsoW/ixoUibn0Td76N08tCW38Y+PjPOZwzf5QKro3nfTuFtfWNza3idmlnd2//wD08augkU5TVaSIS1YpQM8ElqxtuBGulimEcCdaMhnfTenPElOaJfDTjlAUx9iXvcYrGWqHrdlCkAww16QhJ/Iun0C17FW8msgr+AsqwUC10vzrdhGYxk4YK1Lrte6kJclSGU8EmpU6mWYp0iH3WtigxZjrIZ5dPyJl1uqSXKPukITP390SOsdbjOLKdMZqBXq5Nzf9q7cz0boKcyzQzTNL5ol4miEnINAbS5YpRI8YWkCpubyV0gAqpsWGVbAj+8pdXoXFZ8S0/XJWrt4s4inACp3AOPlxDFe6hBnWgMIJneIU3J3denHfnY95acBYzx/BHzucPWHaSzQ==</latexit><latexit sha1_base64="4aopa1CCtZY4Z7pZltYTax6gTuw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuKqJCLosunFZwV6gDeFkOm2HTiZhZlIsoW/ixoUibn0Td76N08tCW38Y+PjPOZwzf5QKro3nfTuFtfWNza3idmlnd2//wD08augkU5TVaSIS1YpQM8ElqxtuBGulimEcCdaMhnfTenPElOaJfDTjlAUx9iXvcYrGWqHrdlCkAww16QhJ/Iun0C17FW8msgr+AsqwUC10vzrdhGYxk4YK1Lrte6kJclSGU8EmpU6mWYp0iH3WtigxZjrIZ5dPyJl1uqSXKPukITP390SOsdbjOLKdMZqBXq5Nzf9q7cz0boKcyzQzTNL5ol4miEnINAbS5YpRI8YWkCpubyV0gAqpsWGVbAj+8pdXoXFZ8S0/XJWrt4s4inACp3AOPlxDFe6hBnWgMIJneIU3J3denHfnY95acBYzx/BHzucPWHaSzQ==</latexit><latexit sha1_base64="4aopa1CCtZY4Z7pZltYTax6gTuw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuKqJCLosunFZwV6gDeFkOm2HTiZhZlIsoW/ixoUibn0Td76N08tCW38Y+PjPOZwzf5QKro3nfTuFtfWNza3idmlnd2//wD08augkU5TVaSIS1YpQM8ElqxtuBGulimEcCdaMhnfTenPElOaJfDTjlAUx9iXvcYrGWqHrdlCkAww16QhJ/Iun0C17FW8msgr+AsqwUC10vzrdhGYxk4YK1Lrte6kJclSGU8EmpU6mWYp0iH3WtigxZjrIZ5dPyJl1uqSXKPukITP390SOsdbjOLKdMZqBXq5Nzf9q7cz0boKcyzQzTNL5ol4miEnINAbS5YpRI8YWkCpubyV0gAqpsWGVbAj+8pdXoXFZ8S0/XJWrt4s4inACp3AOPlxDFe6hBnWgMIJneIU3J3denHfnY95acBYzx/BHzucPWHaSzQ==</latexit>

Already hints in HERA data (Ball et al, arXiv:1710.05935)
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LHeC capabilities, FL example
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Red: LHeC, blue: HERA 
Potential to clearly see breakdown of perturbative expansion



Enhancing density effects with nuclei
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Non-linear effects important at Q2 ⇠ Q2
s ⇠ A1/3x��
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LHeC reaches saturated region in both ep and eA!



Dilute-dense-transition
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LHeC kinematics

Probe nuclear suppression in dilute (Q2 � Q2
s
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JIMWLK/BK predictionCalculation based on 
H.M, T. Lappi, 1309.6963 
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Precise measurements for the nuclear suppression factor for 
F2 and even for FL down to small x

R =
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Beyond fully inclusive observables

!11

Forward-mid Forward-forwarde
<latexit sha1_base64="CLsiyEWp0xtCLpPUdWHVggUcFvw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrSYOyhW36i5E1sHLoQK5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7FiWNUPvZYtEZubDOkISxsk8asnB/T2Q00noaBbYzomasV2tz879aLzXhjZ9xmaQGJVt+FKaCmJjMryZDrpAZMbVAmeJ2V8LGVFFmbDYlG4K3evI6tK+qnuXmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w/Jb4zp</latexit><latexit sha1_base64="CLsiyEWp0xtCLpPUdWHVggUcFvw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrSYOyhW36i5E1sHLoQK5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7FiWNUPvZYtEZubDOkISxsk8asnB/T2Q00noaBbYzomasV2tz879aLzXhjZ9xmaQGJVt+FKaCmJjMryZDrpAZMbVAmeJ2V8LGVFFmbDYlG4K3evI6tK+qnuXmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w/Jb4zp</latexit><latexit sha1_base64="CLsiyEWp0xtCLpPUdWHVggUcFvw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrSYOyhW36i5E1sHLoQK5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7FiWNUPvZYtEZubDOkISxsk8asnB/T2Q00noaBbYzomasV2tz879aLzXhjZ9xmaQGJVt+FKaCmJjMryZDrpAZMbVAmeJ2V8LGVFFmbDYlG4K3evI6tK+qnuXmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w/Jb4zp</latexit><latexit sha1_base64="CLsiyEWp0xtCLpPUdWHVggUcFvw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrSYOyhW36i5E1sHLoQK5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7FiWNUPvZYtEZubDOkISxsk8asnB/T2Q00noaBbYzomasV2tz879aLzXhjZ9xmaQGJVt+FKaCmJjMryZDrpAZMbVAmeJ2V8LGVFFmbDYlG4K3evI6tK+qnuXmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w/Jb4zp</latexit>

⇡0
<latexit sha1_base64="U/6h101oDRiPzqCflnYIG+O1Z/E=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSyb7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs5fdS/uj2qzW37s5FVsEroAaFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7FiWNUQf5fNkpObPOgESJsk8aMnd/T+Q01noSh7Yzpmakl2sz879aNzPRdZBzmWYGJVt8FGWCmITMLicDrpAZMbFAmeJ2V8JGVFFmbD4VG4K3fPIqtC7qnuX7y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+CPn8wdzoI5v</latexit><latexit sha1_base64="U/6h101oDRiPzqCflnYIG+O1Z/E=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSyb7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs5fdS/uj2qzW37s5FVsEroAaFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7FiWNUQf5fNkpObPOgESJsk8aMnd/T+Q01noSh7Yzpmakl2sz879aNzPRdZBzmWYGJVt8FGWCmITMLicDrpAZMbFAmeJ2V8JGVFFmbD4VG4K3fPIqtC7qnuX7y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+CPn8wdzoI5v</latexit><latexit sha1_base64="U/6h101oDRiPzqCflnYIG+O1Z/E=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSyb7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs5fdS/uj2qzW37s5FVsEroAaFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7FiWNUQf5fNkpObPOgESJsk8aMnd/T+Q01noSh7Yzpmakl2sz879aNzPRdZBzmWYGJVt8FGWCmITMLicDrpAZMbFAmeJ2V8JGVFFmbD4VG4K3fPIqtC7qnuX7y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+CPn8wdzoI5v</latexit><latexit sha1_base64="U/6h101oDRiPzqCflnYIG+O1Z/E=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSyb7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs5fdS/uj2qzW37s5FVsEroAaFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7FiWNUQf5fNkpObPOgESJsk8aMnd/T+Q01noSh7Yzpmakl2sz879aNzPRdZBzmWYGJVt8FGWCmITMLicDrpAZMbFAmeJ2V8JGVFFmbD4VG4K3fPIqtC7qnuX7y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+CPn8wdzoI5v</latexit>

⇡0
<latexit sha1_base64="U/6h101oDRiPzqCflnYIG+O1Z/E=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSyb7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs5fdS/uj2qzW37s5FVsEroAaFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7FiWNUQf5fNkpObPOgESJsk8aMnd/T+Q01noSh7Yzpmakl2sz879aNzPRdZBzmWYGJVt8FGWCmITMLicDrpAZMbFAmeJ2V8JGVFFmbD4VG4K3fPIqtC7qnuX7y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+CPn8wdzoI5v</latexit><latexit sha1_base64="U/6h101oDRiPzqCflnYIG+O1Z/E=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSyb7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs5fdS/uj2qzW37s5FVsEroAaFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7FiWNUQf5fNkpObPOgESJsk8aMnd/T+Q01noSh7Yzpmakl2sz879aNzPRdZBzmWYGJVt8FGWCmITMLicDrpAZMbFAmeJ2V8JGVFFmbD4VG4K3fPIqtC7qnuX7y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+CPn8wdzoI5v</latexit><latexit sha1_base64="U/6h101oDRiPzqCflnYIG+O1Z/E=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSyb7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs5fdS/uj2qzW37s5FVsEroAaFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7FiWNUQf5fNkpObPOgESJsk8aMnd/T+Q01noSh7Yzpmakl2sz879aNzPRdZBzmWYGJVt8FGWCmITMLicDrpAZMbFAmeJ2V8JGVFFmbD4VG4K3fPIqtC7qnuX7y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+CPn8wdzoI5v</latexit><latexit sha1_base64="U/6h101oDRiPzqCflnYIG+O1Z/E=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSyb7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs5fdS/uj2qzW37s5FVsEroAaFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7FiWNUQf5fNkpObPOgESJsk8aMnd/T+Q01noSh7Yzpmakl2sz879aNzPRdZBzmWYGJVt8FGWCmITMLicDrpAZMbFAmeJ2V8JGVFFmbD4VG4K3fPIqtC7qnuX7y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+CPn8wdzoI5v</latexit>

Saturation calculations 
Compatible with RHIC  

dAu data
Marquet, 2007  
Lappi, H.M, 2012

• Produced partons are initially back-to-back: 
•                  washed out by a kick  ⇠ Qs

<latexit sha1_base64="QecQuRpKHzVOimga3C3sO+WrSmg=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZNG1Dk+yazApl6Z/w4kERr/4db/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDert564sSLWDzhJeKjoUIuBYBSd1e5aoUi9Z3ulsl/x5yKrEORQhly1Xumr249ZqrhGJqm1ncBPMMyoQcEknxa7qeUJZWM65B2Hmipuw2y+75ScO6dPBrFxTyOZu78nMqqsnajIdSqKI7tcm5n/1TopDm7CTOgkRa7Z4qNBKgnGZHY86QvDGcqJA8qMcLsSNqKGMnQRFV0IwfLJq9C8rASO61fl6m0eRwFO4QwuIIBrqMI91KABDCQ8wyu8eY/ei/fufSxa17x85gT+yPv8AaUEj7I=</latexit><latexit sha1_base64="QecQuRpKHzVOimga3C3sO+WrSmg=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZNG1Dk+yazApl6Z/w4kERr/4db/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDert564sSLWDzhJeKjoUIuBYBSd1e5aoUi9Z3ulsl/x5yKrEORQhly1Xumr249ZqrhGJqm1ncBPMMyoQcEknxa7qeUJZWM65B2Hmipuw2y+75ScO6dPBrFxTyOZu78nMqqsnajIdSqKI7tcm5n/1TopDm7CTOgkRa7Z4qNBKgnGZHY86QvDGcqJA8qMcLsSNqKGMnQRFV0IwfLJq9C8rASO61fl6m0eRwFO4QwuIIBrqMI91KABDCQ8wyu8eY/ei/fufSxa17x85gT+yPv8AaUEj7I=</latexit><latexit sha1_base64="QecQuRpKHzVOimga3C3sO+WrSmg=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZNG1Dk+yazApl6Z/w4kERr/4db/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDert564sSLWDzhJeKjoUIuBYBSd1e5aoUi9Z3ulsl/x5yKrEORQhly1Xumr249ZqrhGJqm1ncBPMMyoQcEknxa7qeUJZWM65B2Hmipuw2y+75ScO6dPBrFxTyOZu78nMqqsnajIdSqKI7tcm5n/1TopDm7CTOgkRa7Z4qNBKgnGZHY86QvDGcqJA8qMcLsSNqKGMnQRFV0IwfLJq9C8rASO61fl6m0eRwFO4QwuIIBrqMI91KABDCQ8wyu8eY/ei/fufSxa17x85gT+yPv8AaUEj7I=</latexit><latexit sha1_base64="QecQuRpKHzVOimga3C3sO+WrSmg=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZNG1Dk+yazApl6Z/w4kERr/4db/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDert564sSLWDzhJeKjoUIuBYBSd1e5aoUi9Z3ulsl/x5yKrEORQhly1Xumr249ZqrhGJqm1ncBPMMyoQcEknxa7qeUJZWM65B2Hmipuw2y+75ScO6dPBrFxTyOZu78nMqqsnajIdSqKI7tcm5n/1TopDm7CTOgkRa7Z4qNBKgnGZHY86QvDGcqJA8qMcLsSNqKGMnQRFV0IwfLJq9C8rASO61fl6m0eRwFO4QwuIIBrqMI91KABDCQ8wyu8eY/ei/fufSxa17x85gT+yPv8AaUEj7I=</latexit>

Dihadron production:

�12 = ⇡
<latexit sha1_base64="bPQ2oeu+ygic9RCHH+gNOyJBIkA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjsoK9QGcomTTThmYyaZIplKHP4caFIm59GHe+jWk7C239IfDxn3M4J38oOdPGdb+dwsbm1vZOcbe0t39weFQ+PmnpJFWENknCE9UJsaacCdo0zHDakYriOOS0HY7u5/X2hCrNEvFkppIGMR4IFjGCjbUCXw5ZL/Nqs1tfsl654lbdhdA6eDlUIFejV/7y+wlJYyoM4VjrrudKE2RYGUY4nZX8VFOJyQgPaNeiwDHVQbY4eoYurNNHUaLsEwYt3N8TGY61nsah7YyxGerV2tz8r9ZNTXQTZEzI1FBBlouilCOToHkCqM8UJYZPLWCimL0VkSFWmBibU8mG4K1+eR1atapn+fGqUr/L4yjCGZzDJXhwDXV4gAY0gcAYnuEV3pyJ8+K8Ox/L1oKTz5zCHzmfP0njkcU=</latexit><latexit sha1_base64="bPQ2oeu+ygic9RCHH+gNOyJBIkA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjsoK9QGcomTTThmYyaZIplKHP4caFIm59GHe+jWk7C239IfDxn3M4J38oOdPGdb+dwsbm1vZOcbe0t39weFQ+PmnpJFWENknCE9UJsaacCdo0zHDakYriOOS0HY7u5/X2hCrNEvFkppIGMR4IFjGCjbUCXw5ZL/Nqs1tfsl654lbdhdA6eDlUIFejV/7y+wlJYyoM4VjrrudKE2RYGUY4nZX8VFOJyQgPaNeiwDHVQbY4eoYurNNHUaLsEwYt3N8TGY61nsah7YyxGerV2tz8r9ZNTXQTZEzI1FBBlouilCOToHkCqM8UJYZPLWCimL0VkSFWmBibU8mG4K1+eR1atapn+fGqUr/L4yjCGZzDJXhwDXV4gAY0gcAYnuEV3pyJ8+K8Ox/L1oKTz5zCHzmfP0njkcU=</latexit><latexit sha1_base64="bPQ2oeu+ygic9RCHH+gNOyJBIkA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjsoK9QGcomTTThmYyaZIplKHP4caFIm59GHe+jWk7C239IfDxn3M4J38oOdPGdb+dwsbm1vZOcbe0t39weFQ+PmnpJFWENknCE9UJsaacCdo0zHDakYriOOS0HY7u5/X2hCrNEvFkppIGMR4IFjGCjbUCXw5ZL/Nqs1tfsl654lbdhdA6eDlUIFejV/7y+wlJYyoM4VjrrudKE2RYGUY4nZX8VFOJyQgPaNeiwDHVQbY4eoYurNNHUaLsEwYt3N8TGY61nsah7YyxGerV2tz8r9ZNTXQTZEzI1FBBlouilCOToHkCqM8UJYZPLWCimL0VkSFWmBibU8mG4K1+eR1atapn+fGqUr/L4yjCGZzDJXhwDXV4gAY0gcAYnuEV3pyJ8+K8Ox/L1oKTz5zCHzmfP0njkcU=</latexit><latexit sha1_base64="bPQ2oeu+ygic9RCHH+gNOyJBIkA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjsoK9QGcomTTThmYyaZIplKHP4caFIm59GHe+jWk7C239IfDxn3M4J38oOdPGdb+dwsbm1vZOcbe0t39weFQ+PmnpJFWENknCE9UJsaacCdo0zHDakYriOOS0HY7u5/X2hCrNEvFkppIGMR4IFjGCjbUCXw5ZL/Nqs1tfsl654lbdhdA6eDlUIFejV/7y+wlJYyoM4VjrrudKE2RYGUY4nZX8VFOJyQgPaNeiwDHVQbY4eoYurNNHUaLsEwYt3N8TGY61nsah7YyxGerV2tz8r9ZNTXQTZEzI1FBBlouilCOToHkCqM8UJYZPLWCimL0VkSFWmBibU8mG4K1+eR1atapn+fGqUr/L4yjCGZzDJXhwDXV4gAY0gcAYnuEV3pyJ8+K8Ox/L1oKTz5zCHzmfP0njkcU=</latexit>

�⇤ ! qq̄
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Diffraction: powerful probe at small x
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γ* V = J/ψ, φ, ρ, γ
1-z (1-z)r→r→

z

pʹ, Aʹ

xʹ

p, A

x

t

b→

�t = (pA � pA0)2 ⇡ �2 = pVM,2
T

Benefits of diffraction
• At LO 2 gluon exchange, probes gluon density2
• Can measure total momentum transfer t,  

access to geometry via Fourier transform



Strong nuclear effects
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Vector meson production~gluon2, sensitive to gluon saturation
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LHeC accuracy in exclusive scattering
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High precision differential cross section measurements 



Inclusive diffraction
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HERA surprise: ~15% of the events diffractive!

Kowalski,Lappi,Marquet,Venugopalan
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Saturation model prediction: suppression and enhancement 
with nuclei. To see this, need large energy/β lever arm)

Small MXLarge MX

qq̄g
<latexit sha1_base64="mOrRIDqK3o6ujEqAb7MrahxTsWE=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv3ANpTJdtMu3WzS3Y1QQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVFHWoLGIVTtAzQSXrGG4EaydKIZRIFgrGN3O6q0npjSP5YOZJMyPcCB5yCkaaz2OSTdARcZk0CtX3Ko7F1kFL4cK5Kr3yl/dfkzTiElDBWrd8dzE+Bkqw6lg01I31SxBOsIB61iUGDHtZ/ONp+TMOn0Sxso+acjc/T2RYaT1JApsZ4RmqJdrM/O/Wic14bWfcZmkhkm6+ChMBTExmZ1P+lwxasTEAlLF7a6EDlEhNTakkg3BWz55FZoXVc/y/WWldpPHUYQTOIVz8OAKanAHdWgABQnP8ApvjnZenHfnY9FacPKZY/gj5/MHb8GQGA==</latexit><latexit sha1_base64="mOrRIDqK3o6ujEqAb7MrahxTsWE=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv3ANpTJdtMu3WzS3Y1QQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVFHWoLGIVTtAzQSXrGG4EaydKIZRIFgrGN3O6q0npjSP5YOZJMyPcCB5yCkaaz2OSTdARcZk0CtX3Ko7F1kFL4cK5Kr3yl/dfkzTiElDBWrd8dzE+Bkqw6lg01I31SxBOsIB61iUGDHtZ/ONp+TMOn0Sxso+acjc/T2RYaT1JApsZ4RmqJdrM/O/Wic14bWfcZmkhkm6+ChMBTExmZ1P+lwxasTEAlLF7a6EDlEhNTakkg3BWz55FZoXVc/y/WWldpPHUYQTOIVz8OAKanAHdWgABQnP8ApvjnZenHfnY9FacPKZY/gj5/MHb8GQGA==</latexit><latexit sha1_base64="mOrRIDqK3o6ujEqAb7MrahxTsWE=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv3ANpTJdtMu3WzS3Y1QQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVFHWoLGIVTtAzQSXrGG4EaydKIZRIFgrGN3O6q0npjSP5YOZJMyPcCB5yCkaaz2OSTdARcZk0CtX3Ko7F1kFL4cK5Kr3yl/dfkzTiElDBWrd8dzE+Bkqw6lg01I31SxBOsIB61iUGDHtZ/ONp+TMOn0Sxso+acjc/T2RYaT1JApsZ4RmqJdrM/O/Wic14bWfcZmkhkm6+ChMBTExmZ1P+lwxasTEAlLF7a6EDlEhNTakkg3BWz55FZoXVc/y/WWldpPHUYQTOIVz8OAKanAHdWgABQnP8ApvjnZenHfnY9FacPKZY/gj5/MHb8GQGA==</latexit><latexit sha1_base64="mOrRIDqK3o6ujEqAb7MrahxTsWE=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv3ANpTJdtMu3WzS3Y1QQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVFHWoLGIVTtAzQSXrGG4EaydKIZRIFgrGN3O6q0npjSP5YOZJMyPcCB5yCkaaz2OSTdARcZk0CtX3Ko7F1kFL4cK5Kr3yl/dfkzTiElDBWrd8dzE+Bkqw6lg01I31SxBOsIB61iUGDHtZ/ONp+TMOn0Sxso+acjc/T2RYaT1JApsZ4RmqJdrM/O/Wic14bWfcZmkhkm6+ChMBTExmZ1P+lwxasTEAlLF7a6EDlEhNTakkg3BWz55FZoXVc/y/WWldpPHUYQTOIVz8OAKanAHdWgABQnP8ApvjnZenHfnY9FacPKZY/gj5/MHb8GQGA==</latexit>

qq̄
<latexit sha1_base64="5mxeXcR8GiAQ6vXGGth1HxHd9ww=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrc6E9AKqyKRfrrhVdyGyDl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxMh9i1KGmE2s8W+87IhXUGJIyVfdKQhft7IqOR1tMosJ0RNSO9Wpub/9W6qQlv/IzLJDUo2fKjMBXExGR+PBlwhcyIqQXKFLe7EjaiijJjIyrZELzVk9ehdVX1LD9cV+q3eRxFOINzuAQPalCHe2hAExgIeIZXeHMmzovz7nwsWwtOPnMKf+R8/gBTqo99</latexit><latexit sha1_base64="5mxeXcR8GiAQ6vXGGth1HxHd9ww=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrc6E9AKqyKRfrrhVdyGyDl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxMh9i1KGmE2s8W+87IhXUGJIyVfdKQhft7IqOR1tMosJ0RNSO9Wpub/9W6qQlv/IzLJDUo2fKjMBXExGR+PBlwhcyIqQXKFLe7EjaiijJjIyrZELzVk9ehdVX1LD9cV+q3eRxFOINzuAQPalCHe2hAExgIeIZXeHMmzovz7nwsWwtOPnMKf+R8/gBTqo99</latexit><latexit sha1_base64="5mxeXcR8GiAQ6vXGGth1HxHd9ww=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrc6E9AKqyKRfrrhVdyGyDl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxMh9i1KGmE2s8W+87IhXUGJIyVfdKQhft7IqOR1tMosJ0RNSO9Wpub/9W6qQlv/IzLJDUo2fKjMBXExGR+PBlwhcyIqQXKFLe7EjaiijJjIyrZELzVk9ehdVX1LD9cV+q3eRxFOINzuAQPalCHe2hAExgIeIZXeHMmzovz7nwsWwtOPnMKf+R8/gBTqo99</latexit><latexit sha1_base64="5mxeXcR8GiAQ6vXGGth1HxHd9ww=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrc6E9AKqyKRfrrhVdyGyDl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxMh9i1KGmE2s8W+87IhXUGJIyVfdKQhft7IqOR1tMosJ0RNSO9Wpub/9W6qQlv/IzLJDUo2fKjMBXExGR+PBlwhcyIqQXKFLe7EjaiijJjIyrZELzVk9ehdVX1LD9cV+q3eRxFOINzuAQPalCHe2hAExgIeIZXeHMmzovz7nwsWwtOPnMKf+R8/gBTqo99</latexit>



Conclusions
• Unique kinematical coverage of LHeC allows us to 

enter deep in the saturation region 
• Nuclear beams are necessary to enhance non-

linearities (and save €€€) 
• With the LHeC, we (hopefully) 

• Constrain proton and nuclear PDFs to a new level, 
reduce uncertainties in LHC searches 

• See breakdown of fixed order perturbative expansion 
• Can study precisely non-linear effects in the nuclear 

wave function 
• And much more…
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BACKUPS 
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Intriguing UPC results

!18

Incoherent J/ψ production (~fluctuations in proton density) 
disappears at high energy, approaching black disk limit? 

ALICE, QM2018, theory prediction: H.M, Schenke, 1806.06783



Dihadron correlations in eA
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