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In questo manuale sono illustrate 
le regole base per la corretta 
applicazione del marchio 
Università di Pavia. 
Il logo, i caratteri tipografici e i colori 
scelti sono infatti gli elementi 
che partecipano alla costruzione 
dell’identità visiva di qualsiasi attore 
che voglia presentarsi al mercato, 
sia esso un prodotto mass market, 
un’Istituzione o un ateneo. 
Sono il suo volto commerciale ma 
anche istituzionale, quello che 
permetterà all’Università di Pavia di 
essere riconoscibile nel tempo 
agli occhi del suo pubblico interno, 
ma anche esterno. 
Proprio per il ruolo centrale  
che rivestono, tali elementi devono 
essere rappresentati e utilizzati 

secondo regole precise e inderogabili, 
al fine di garantire la coerenza e 
l’efficacia dell’intero sistema di identità 
visiva. Per questo è importante che il 
manuale, nella sua forma cartacea 
o digitale, venga trasmesso a tutti 
coloro che in futuro si occuperanno 
di progettare elementi di 
comunicazione per l’Università di 
Pavia.

INTRODUZIONE: L’IMMAGINE UNIVERSITÀ DI PAVIA

UNIVERSITÀ 
DI PAVIA

GDR Juljan Rushaj

Pr
og

et
ta

zi
on

e 
Lo

go
3D

 S
pi

n

gdrushaj@yahoo.it

Colore 01 Colore 03Colore 02

%UXVVHOV�����-DQXDU\�����
$UHV������������

5HYLHZ�VHVVLRQ��6WHS��

'HDU�'U��%DFFKHWWD�

6XEMHFW��2XWFRPH�RI�WKH�HYDOXDWLRQ�RI�SURSRVDOV�VXEPLWWHG�WR�WKH�&DOO�IRU�3URSRVDOV�(5&�&R*�������
3URSRVDO�Qp���������'63,1

,�DP�YHU\�SOHDVHG�WR�LQIRUP�\RX�WKDW�WKH�(5&�HYDOXDWLRQ�SDQHOV��FRPSRVHG�RI�LQGHSHQGHQW�H[SHUWV��KDYH
IDYRXUDEO\�UHYLHZHG�DQG�UHFRPPHQGHG�IRU�IXQGLQJ�\RXU�SURSRVDO�HQWLWOHG�����'LPHQVLRQDO�0DSV�RI�WKH
6SLQQLQJ�1XFOHRQ���'LPHQVLRQDO �0DSV�RI �WKH�6SLQQLQJ�1XFOHRQ���'LPHQVLRQDO �0DSV�RI �WKH�6SLQQLQJ
1XFOHRQ� �VXEPLWWHG�WR �WKH�DERYH�PHQWLRQHG�(5&�&R*������&DOO�

)RU�\RXU�LQIRUPDWLRQ��\RX�ZLOO�ILQG�HQFORVHG�WKH�(YDOXDWLRQ�5HSRUW��GRFXPHQWLQJ�WKH�UHVXOWV�RI�WKH�SHHU�UHYLHZ
RI �\RXU �SURSRVDO� �,W �FRQWDLQV �WKH �LQGLYLGXDO �DVVHVVPHQWV �DQG �WKH �ILQDO �VFRUH �DZDUGHG �E\ �WKH �SDQHO�
DFFRPSDQLHG�E\�D�SDQHO�FRPPHQW��7KH�SDQHO�KDV�EDVHG�LWV�MXGJHPHQW�RQ�UHPRWH�UHYLHZV�IROORZHG�E\�D
SDQHO�GLVFXVVLRQ�DQG�GHFLVLRQ��<RX�ZLOO�DOVR�ILQG�HQFORVHG�D�OHWWHU�IURP�WKH�3UHVLGHQW�RI�WKH�(5&�JLYLQJ�\RX
JHQHUDO�EDFNJURXQG�LQIRUPDWLRQ�DERXW�WKH�UHYLHZ�SURFHVV��)RU�\RXU�LQIRUPDWLRQ��WKH�WRS�����RI�WKH�SURSRVDOV
HYDOXDWHG�LQ�SDQHO�3(��LQ�6WHS���ZHUH�IXQGHG�

,Q�WKH�QHDU�IXWXUH�WKH�(5&�([HFXWLYH�$JHQF\��(5&($��ZLOO�VHQG�\RX�WKH�IXOO�GHWDLOV�RI�WKH�VWHSV�LQYROYHG�LQ
FRQFOXGLQJ�WKH�*UDQW�$JUHHPHQW��ZKLFK�ZLOO�EH�HVWDEOLVKHG�EHWZHHQ�\RXU�KRVW�RUJDQLVDWLRQ�DQG�WKH�(5&($�
,Q�SUHSDULQJ�WKH�JUDQW�DJUHHPHQW��WKH�(5&($�LQWHQGV�WR�IROORZ�WKH�UHFRPPHQGDWLRQV�RI�WKH�SDQHO� �DV
GRFXPHQWHG�LQ�WKH�SDQHO�FRPPHQW�RI�WKH�(YDOXDWLRQ�5HSRUW�

,Q�RUGHU�IRU�DOO�SURSRVHG�UHVHDUFK�DFWLYLWLHV�WR�EH�LQ�FRPSOLDQFH�ZLWK�IXQGDPHQWDO�HWKLFDO�SULQFLSOHV��DQ�HWKLFDO
UHYLHZ�RI�\RXU�SURSRVDO�PD\�EH�UHTXLUHG�GHSHQGLQJ�RQ�WKH�VXEMHFW�PDWWHU��,I�WKLV�LV�WKH�FDVH�IRU�\RXU�SURSRVDO
\RX�ZLOO�KHDU�IURP�XV�LQ�WKLV�UHJDUG�DV�VRRQ�DV�WKH�UHVXOWV�RI�WKLV�UHYLHZ�DUH�NQRZQ��RU�LI�FODULILFDWLRQV�IURP
\RXU�VLGH�DUH�UHTXLUHG�

$W�WKLV�VWDJH�WKLV�OHWWHU�VKRXOG�LQ�QR�ZD\�EH�FRQVLGHUHG�DV�D�FRPPLWPHQW�RI�ILQDQFLDO�VXSSRUW�E\�WKH�(XURSHDQ
8QLRQ�

7HO������������������_�)D[������������������_�$JQHV�.8/&6$5#HF�HXURSD�HX�_�KWWS���HUF�HXURSD�HX
(5&�([HFXWLYH�$JHQF\��3ODFH�5RJLHU�����&29����������%(������%UXVVHOV��%HOJLXP



Parton  
Distribution 
Functions 
(1D map)



Generalized  
Parton  
Distributions 
(1+2D map)

Deeply Virtual Compton Scattering

GPDs



Transverse  
Momentum 
Distributions 
(3D map)

Semi-Inclusive  
Deep Inelastic Scattering

TMDs
x, k? x, k?



Wigner 
Distributions 
(3+2D map)

Exclusive double Drell-Yan
⇡

<latexit sha1_base64="hoYG0gokvPjV1IAEeDrdi/zpm+c=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hETCyTQkO2yhQ3bbbM7NSENv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemEph0HW/ndLW9s7uXnm/cnB4dHxSPT3rmCTTjPsskYnuhdRwKRT3UaDkvVRzGoeSd8Pp3cLvPnFtRKIecZbyIKZjJSLBKFrJrw9SUR9Wa27DXYJsEq8gNSjQHla/BqOEZTFXyCQ1pu+5KQY51SiY5PPKIDM8pWxKx7xvqaIxN0G+PHZOrqwyIlGibSkkS/X3RE5jY2ZxaDtjihOz7i3E/7x+htFtkAuVZsgVWy2KMkkwIYvPyUhozlDOLKFMC3srYROqKUObT8WG4K2/vEk6zYbnNryHZq3VKuIowwVcwjV4cAMtuIc2+MBAwDO8wpujnBfn3flYtZacYuYc/sD5/AEHSY4l</latexit><latexit sha1_base64="hoYG0gokvPjV1IAEeDrdi/zpm+c=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hETCyTQkO2yhQ3bbbM7NSENv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemEph0HW/ndLW9s7uXnm/cnB4dHxSPT3rmCTTjPsskYnuhdRwKRT3UaDkvVRzGoeSd8Pp3cLvPnFtRKIecZbyIKZjJSLBKFrJrw9SUR9Wa27DXYJsEq8gNSjQHla/BqOEZTFXyCQ1pu+5KQY51SiY5PPKIDM8pWxKx7xvqaIxN0G+PHZOrqwyIlGibSkkS/X3RE5jY2ZxaDtjihOz7i3E/7x+htFtkAuVZsgVWy2KMkkwIYvPyUhozlDOLKFMC3srYROqKUObT8WG4K2/vEk6zYbnNryHZq3VKuIowwVcwjV4cAMtuIc2+MBAwDO8wpujnBfn3flYtZacYuYc/sD5/AEHSY4l</latexit><latexit sha1_base64="hoYG0gokvPjV1IAEeDrdi/zpm+c=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hETCyTQkO2yhQ3bbbM7NSENv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemEph0HW/ndLW9s7uXnm/cnB4dHxSPT3rmCTTjPsskYnuhdRwKRT3UaDkvVRzGoeSd8Pp3cLvPnFtRKIecZbyIKZjJSLBKFrJrw9SUR9Wa27DXYJsEq8gNSjQHla/BqOEZTFXyCQ1pu+5KQY51SiY5PPKIDM8pWxKx7xvqaIxN0G+PHZOrqwyIlGibSkkS/X3RE5jY2ZxaDtjihOz7i3E/7x+htFtkAuVZsgVWy2KMkkwIYvPyUhozlDOLKFMC3srYROqKUObT8WG4K2/vEk6zYbnNryHZq3VKuIowwVcwjV4cAMtuIc2+MBAwDO8wpujnBfn3flYtZacYuYc/sD5/AEHSY4l</latexit><latexit sha1_base64="hoYG0gokvPjV1IAEeDrdi/zpm+c=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hETCyTQkO2yhQ3bbbM7NSENv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemEph0HW/ndLW9s7uXnm/cnB4dHxSPT3rmCTTjPsskYnuhdRwKRT3UaDkvVRzGoeSd8Pp3cLvPnFtRKIecZbyIKZjJSLBKFrJrw9SUR9Wa27DXYJsEq8gNSjQHla/BqOEZTFXyCQ1pu+5KQY51SiY5PPKIDM8pWxKx7xvqaIxN0G+PHZOrqwyIlGibSkkS/X3RE5jY2ZxaDtjihOz7i3E/7x+htFtkAuVZsgVWy2KMkkwIYvPyUhozlDOLKFMC3srYROqKUObT8WG4K2/vEk6zYbnNryHZq3VKuIowwVcwjV4cAMtuIc2+MBAwDO8wpujnBfn3flYtZacYuYc/sD5/AEHSY4l</latexit>

N
<latexit sha1_base64="YtPQb5FhvqF8IzdKGOc/7R/sT4Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++Xmk08jiKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNc5o0q</latexit><latexit sha1_base64="YtPQb5FhvqF8IzdKGOc/7R/sT4Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++Xmk08jiKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNc5o0q</latexit><latexit sha1_base64="YtPQb5FhvqF8IzdKGOc/7R/sT4Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++Xmk08jiKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNc5o0q</latexit><latexit sha1_base64="YtPQb5FhvqF8IzdKGOc/7R/sT4Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++Xmk08jiKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNc5o0q</latexit>

N
<latexit sha1_base64="YtPQb5FhvqF8IzdKGOc/7R/sT4Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++Xmk08jiKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNc5o0q</latexit><latexit sha1_base64="YtPQb5FhvqF8IzdKGOc/7R/sT4Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++Xmk08jiKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNc5o0q</latexit><latexit sha1_base64="YtPQb5FhvqF8IzdKGOc/7R/sT4Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++Xmk08jiKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNc5o0q</latexit><latexit sha1_base64="YtPQb5FhvqF8IzdKGOc/7R/sT4Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++Xmk08jiKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNc5o0q</latexit>GTMDs



Lorcé, Pasquini, Xiong, Yuan, PRD 85 (2012) 114006

Lorcé, Pasquini, PRD 84 (2011) 014015

Wigner: Quark Orbital Angular Momentum



Lorcé, Pasquini, Xiong, Yuan, PRD 85 (2012) 114006

Lorcé, Pasquini, PRD 84 (2011) 014015

Wigner: Quark Orbital Angular Momentum



Lorcé, Pasquini, Xiong, Yuan, PRD 85 (2012) 114006

Lorcé, Pasquini, PRD 84 (2011) 014015

Wigner: Quark Orbital Angular Momentum

Proton spin
u-quark OAM
d-quark OAM



GPD: E-M tensor form factors from DVCS data

Polyakov and Schweitzer, arXiv:1805:06596 Girod, Elouadrhiri,Burkert, Nature 557 (2018) 7705

Dispersion Relations: Pasquini, Polyakov, Vanderhaeghen, PLB739(2014)133



GPD: E-M tensor form factors from DVCS data

Polyakov and Schweitzer, arXiv:1805:06596 Girod, Elouadrhiri,Burkert, Nature 557 (2018) 7705
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FIG. 5: ẽ for the up (left panel) and down (right panel) quark as a function of x and k2
⊥.

while they have an appreciable quark-flavor dependence in the case of ẽ. We also notice the broader widths for the ẽ

distribution with respect to f1.

f1 ẽ

u d g u d

⟨k2
⊥⟩ (GeV2) 0.138 0.133 0.136 0.158 0.196

TABLE II: Results for ⟨k2
⊥⟩ of the f1 and ẽ TMDs at Q2 = 1 GeV2.

Finally, in Fig. 5 we show the three-dimensional plots of ẽ for the up and down quark, as function of x and k2⊥. For
both quark flavors, the k2⊥-dependence of the distributions slightly moves away from a Gaussian shape, as expected
from our model Ansatz for the k2⊥-dependence of the LFWFs in Eq. (49).

Conclusions

In this work, we studied the sub-leading structure function eq.
First, we reviewed its model-independent decomposition, which follows from the QCD EOM. In particular, this

decomposition contains a genuine twist-three part, i.e. the “tilde” term encoding the quark-gluon correlations, a pure
twist-two contribution and a singular (δ-like) term. The singular term is in turn given by a well-know contribution
that can be related to the pion-nucleon-sigma term, and an additional term that, instead, is poorly discussed in
literature and has been written down explicitly here for the first time.
Then, we focused on the modeling of the tilde term. To this aim, we constructed a model-independent representation

in terms of overlap of LFWFs for the 3q and 3q + g Fock-components of the proton state. For the calculation, we
restricted ourselves to the LFWFs corresponding to zero orbital angular momentum of the partons. This allowed
us to relate the 3q and the 3q + g LFWFs in the limit of zero-transverse separation to the leading-twist and next-
to-leading-twist DAs of the proton, respectively. The transverse-momentum dependence of the LFWFs was built
up by assuming a modified Gaussian Ansatz, with explicit dependence on the mass of the partons. The DAs and
the transverse-momentum dependent part were parametrized in such a way to reproduce available phenomenological
parametrizations for the unpolarized PDF f1 of quarks and gluons at the scale of Q2 = 1 GeV2. The fit gave values
for the parametrization of the DAs that are consistent with lattice calculations [57, 58] and predictions from QCD
sum rules [41].
With these ingredients, we provided predictions for both the quark PDF ẽq(x) and the quark TMD ẽq(x, k⊥),

in comparison with the corresponding twist-two contribution given in terms of f q
1 . In the case of ẽq(x), we found

that the pure twist-three contribution has a distinctive x-dependence from the twist-two contribution, and is about
20-30% of the twist-two contribution at the peak position, using our model-results for the quark masses. We also
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Quark unpolarized TMD extractions



Global extraction from SIDIS, DY and Z boson
Definition of a parametrization of TMDs from 8000 data points 
Test of the universality and evolution formalism of TMDs 
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Open issues: 
 Flavour dependence 
 Different choices in implementation of TMD formalism 
 More data needed 
 Improvements on the knowledge of fragmentation functions 
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The W mass
MW: theoretical prediction vs experimental value

Alessandro Vicini - University of Milano                                                                                                                                                                  Shanghai, May 18th 2017
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MW experimental values

re-evaluation of the MW prediction, with an MSbar calculation  G.Degrassi, P.Gambino, P.Giardino, arXiv:1411.7040

                    MW = 80.357 ± 0.009 ± 0.003 GeV     (parametric and missing higher orders)

includes the full 2-loop EW result, higher-order QCD corrections, resummation of reducible terms
central value obtained with the 2014 top mass world average mt=173.34 ±0.76exp±0.3th GeV
                                                                                          Δαhad(MZ) = 0.02750±0.00033
the comparison of this MSbar calculation with the corresponding one in the OS scheme
      suggests that missing higher orders might have a residual effect of O(6 MeV)

mW = 80370± 19 MeV ATLAS arXiv:1701.07240
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Global EW fit compared to ATLAS results
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Within the framework of transverse-momentum-dependent factorization, we investigate for the
first time the impact of a flavor-dependent intrinsic transverse momentum of quarks on the produc-
tion of W± bosons in proton-proton collisions at

p
s = 7 TeV. We study the transverse-mass and

the lepton transverse momentum distributions of the W -decay products by means of a template-fit
technique and we estimate the shift in the W boson mass induced by di↵erent choices of flavor-
dependent parameters for the intrinsic quark transverse momentum. We get �11  �MW+  4
MeV and �6  �MW�  2 MeV with a statistical uncertainty of ±4 MeV. Our findings call
for more detailed investigations of flavor-dependent nonperturbative e↵ects linked to the proton
structure at hadron colliders.

PACS numbers: 14.70.Fm, 13.85.Qk, 12.38.-t

Introduction and motivation.

Nonperturbative e↵ects in transverse-momentum-
dependent (TMD) phenomena are a central topic in
the hadronic physics community with potentially impor-
tant applications to high-energy physics. The study of
nonperturbative corrections originates from the work of
Parisi and Petronzio [1] and Collins, Soper, and Ster-
man [2], which focused on the role of the hard scale
of the process compared to the infrared scale of QCD.
TMD factorization and evolution have been extensively
studied in the literature [3–6], together with the match-
ing to collinear factorization [2, 7–12]. Despite the lim-
ited amount of data available and the many open the-
oretical questions, in the past years we started gaining
phenomenological information about TMD parton dis-
tribution functions (TMD PDFs) with increasing level
of accuracy. Recently, the unpolarized TMD PDF was
extracted for the first time from a global fit of data
for semi-inclusive deep-inelastic scattering (SIDIS) and
production of Drell-Yan lepton pairs and Z bosons [13].
Nonetheless, many theoretical and phenomenological
questions are still open [14].

In this paper, we demonstrate that if a very high pre-
cision is required, then the e↵ects of a potential flavor
dependence of the intrinsic partonic transverse momen-
tum can be nonnegligible even in the kinematic region
where the nonperturbative e↵ects are expected to be
small [9, 13, 15–19] (⇤QCD ⌧ Q ⌧

p
s: W boson produc-

tion at the LHC lies in this kinematic region). Thus, we
show that the uncertainties associated to our ignorance
of the multidimensional structure of hadrons should be
carefully accounted for in phenomenological studies of
the free parameters in the Standard Model. In particu-
lar, we focus on the impact of the simplest TMD PDF,

the unpolarized one, on the determination of the W bo-
son mass at hadron colliders.

Our findings demonstrate that the flavor dependence
of nonperturbative e↵ects can introduce uncertainties in
the direct determination of the W mass at the LHC, and
that these uncertainties can be as large as the precision
set by the electroweak fits.

Experimental measurements and uncertainties.

The determination of the W boson mass, MW , from
the global electroweak fit (MW=80.356±8 MeV) [20] fea-
tures a very small uncertainty that sets a goal for the
precision of the experimental measurements at hadron
colliders.

Precise determinations of MW have been extracted
from pp̄ collisions at D0 [21] and at CDF [22], and from
pp collisions at ATLAS [23] with a total uncertainty of
23 MeV, 19 MeV and 19 MeV, respectively. The current
world average, based on these measurements and the ones
performed at LEP, is MW=80.379±12 MeV [24]. The ex-
perimental analyses are based on a template-fit procedure
on the di↵erential distributions of the decay products: in
particular, the transverse momentum of the final lepton,
pT `, the transverse momentum of the neutrino pT⌫ (only
at the Tevatron), and the transverse mass mT of the
lepton pair (where mT =

p
2 pT ` pT⌫ (1� cos(�` � �⌫)),

with �`,⌫ being the azimuthal angles of the lepton and
the neutrino, respectively).

In a template-fit procedure, several histograms are gen-
erated with the highest available theoretical accuracy and
the best available description of detector e↵ects, letting
the fit parameter (MW , in this case) vary in a range:
the histogram best describing experimental data selects
the measured value for MW . The details of the theoreti-
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Challenging shape measurement: a distortion at the few per mille level of the 
distributions yields a shift of O(10 MeV) of the MW value

0

10

20

30

40

50

60

70

50 60 70 80 90 100

R

MW
⊥ (GeV)

TEV
pp → W± → µνµ

MW = 80.50 GeV
MW = 80.51 GeV

0.993

0.994

0.995

0.996

0.997

0.998

0.999

1

1.001

1.002

50 60 70 80 90 100

R

MW
⊥ (GeV)

ratio R=(MW=80.5/MW=80.51)

TEV

pp → W± → µνµ

ratio

Observables and techniques

mT

0

20

40

60

80

100

120

140

160

180

200

25 30 35 40 45 50 55 60 65 70

d
σ

d
p
l ⊥

[p
b
]

pl
⊥
[GeV]

LHC W+ 8 TeV

MW = 80.398 GeV
MW = 80.418 GeV

0.9975

0.998

0.9985

0.999

0.9995

1

1.0005

1.001

25 30 35 40 45 50 55 60 65 70

R

pl
⊥

[GeV]

LHC W+ 8 TeV

R = MW=80.398

MW,i

∆MW = 2 MeV
∆MW = 10 MeV
∆MW = 20 MeV

pTl



pTW and the modelling of intrinsic kT

• pTl ⇦ pTW ⇦ QCD initial state radiation + intrinsic kT (usually, a 
Gaussian in kT)


• Intrinsic kT effects measured on Z data and used to predict W 
distributions, assuming universality

but


different flavour structure 

different phase space 
available 

Parton model picture

17

qT

qT ⇠ ⇤QCD qT � QqT ⇠ QqT ⌧ Q

TMD$region

hk2?,uv
i 6= hk2?,dv

i 6= hk2?,seai

hk̂2
?,ai for a = uv, dv, sea. In total, we use five different parameters to describe all TMD

PDFs. Since the present data have a limited coverage in x, we found no need of more
sophisticated choices.

As for TMD FFs, fragmentation processes in which the fragmenting parton is in the
valence content of the detected hadron are usually defined favored. Otherwise the process
is classified as unfavored. The biggest difference between the two classes is the number
of qq̄ pairs excited from the vacuum in order to produce the detected hadron: favored
processes involve the creation of at most one qq̄ pair. If the final hadron is a kaon, we
further distinguish a favored process initiated by a strange quark/antiquark from a favored
process initiated by an up quark/antiquark.

For simplicity, we assume charge conjugation and isospin symmetries. The latter is
often imposed also in the parametrization of collinear FFs [47], but not always [48]. In
practice, we consider four different Gaussian shapes:

⌦
P 2
?,u~⇡+

↵
=

⌦
P 2
?,d̄~⇡+

↵
=

⌦
P 2
?,ū~⇡�

↵
=

⌦
P 2
?,d~⇡�

↵
⌘

⌦
P 2
?,fav

↵
, (2.15)

⌦
P 2
?,u~K+

↵
=

⌦
P 2
?,ū~K�

↵
⌘

⌦
P 2
?,uK

↵
, (2.16)

⌦
P 2
?,s̄~K+

↵
=

⌦
P 2
?,s~K�

↵
⌘

⌦
P 2
?,sK

↵
, (2.17)

⌦
P 2
?,all others

↵
⌘

⌦
P 2
?,unf

↵
. (2.18)

The last assumption is made mainly to keep the number of parameters under control, though
it could be argued that unfavored fragmentation into kaons is different from unfavored
fragmentation into pions.

As for TMD PDFs, also for TMD FFs we introduce a dependence of the average square
transverse momentum on the longitudinal momentum fraction z, as done in several mod-
els or phenomenological extractions (see, e.g., Refs. [15, 28, 41, 49–51]). We choose the
functional form

⌦
P 2
?,a~h

↵
(z) =

⌦
P̂ 2
?,a~h

↵(z� + �) (1 � z)�

(ẑ� + �) (1 � ẑ)�
where

⌦
P̂ 2
?,a~h

↵
⌘

⌦
P 2
?,a~h

↵
(ẑ), and ẑ = 0.5.

(2.19)

The free parameters �, �, and � are equal for all kinds of fragmentation functions. In
conclusion, we use seven different parameters to describe all the TMD FFs.

3 Analysis procedure

3.1 Selection of data

The Hermes collaboration collected a total of 2688 data points (336 points for each of the
8 combination of target and final-state hadrons), with the average values of (x,Q2) ranging
from about (0.04, 1.25 GeV2) to about (0.4, 9.2 GeV2), 0.1  z  0.9, and 0.1 GeV 
|PhT |  1 GeV. The collaboration presented two distinct data sets, including or neglecting
vector meson contributions. Here, we use the data set where the vector meson contributions
have been subtracted. In all cases, we sum in quadrature statistical and systematic errors

– 7 –

neglect)QCD)evo)=)parton)model
hQ2i = 2.4 GeV2fa
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1 (x)
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hk2
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hP2
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Flavor and kinematic 
dependent widths 

—> different Gaussian factors for different flavours 

2

distributions of Z and W±.

The three experimental collaborations D0, CDF, and
ATLAS, fitted the Z data to obtain an estimate for the
nonperturbative parameters. Then, assuming flavor uni-
versality, they used these estimates to predict the qWT dis-
tribution. They found that the uncertainty on MW due
to the modelling of qWT via template fits for the distribu-
tions in (mT , pT `, pT⌫) are, respectively, �MW = (3,9,4)
MeV for CDF [14], �MW = (2,5,2) MeV for D0 [13] and
�MW = (3,3) MeV for ATLAS [15] (the ATLAS analysis did
not include pT⌫ in the template fit).

It is well known that one of the largest sources of error
in determining MW comes from the uncertainty in the
choice of the collinear PDFs [17–20]. Nevertheless, the
uncertainty propagating from the qWT spectrum via pT `

can be likewise comparably large (except for ATLAS, be-
cause of the narrow range used for the pT ` fit with respect
to the mT one). This does not come as a surprise, since
the pT ` distribution is extremely sensitive to the mod-
elling of qWT , i.e. the pT ` shape gets much more distorted
by all-order resummation and nonperturbative contribu-
tions than the mT shape (which, in turn, is dominated
by detector resolution). In general, the hadron struc-
ture in three-dimensional momentum space is expected
to significantly contribute to the uncertainties on MW .

However, neither analyses at Tevatron and at the LHC
included information on the flavor dependence in the in-
trinsic transverse momentum of the incoming quarks and
gluons participating in the hard scattering. Here, it is our
aim to study the impact onto the determination of MW

in hadronic collisions by including this dependence on the
basis of what was learnt from the phenomenological ex-
traction of the unpolarized TMD PDF from low-energy
data [21].

Formalism.

The impact of nonperturbative e↵ects in Drell-Yan
and Higgs production has been extensively investigated
(see, e.g., [9, 22–27] for available calculations and fitting
codes). With the perturbative accuracy currently avail-
able, the uncertainty arising from the choice of scales is
comparable with the one induced by nonperturbative ef-
fects.

The transverse momentum distribution of electroweak
gauge bosons is sensitive to nonperturbative corrections
to the TMD PDFs and their evolution. As a consequence,
also the leptonic observables measured at hadron collid-
ers are a↵ected. Di↵erent implementations of the non-
perturbative contributions have been presented in the
literature (see e.g. Refs. [9, 25] and references therein
AS: any review available? Anyway, add more (recent)
references).

In order to take into account potential di↵erences be-
tween the valence and the sea quarks (and among di↵er-
ent flavors in general), a flavor- and kinematic-dependent

implementation of the nonperturbative part of the quark
Sudakov exponent has been suggested in Refs. [21, 28].
In the present work, following Ref. [21] for the nonper-
turbative contribution to the unpolarized TMD PDF we
choose the Gaussian functional form

faNP
1 (x, k2?;Q

2) =
fa
1 (x,Q

2)

⇡hk2?ia
e�k2

?/hk2
?ia , (1)

where x is the usual light-cone momentum fraction of
the parton with flavor a, k? is its low (intrinsic) trans-
verse momentum with flavor-dependent width hk2?ia, and
fa
1 (x,Q

2) is the corresponding collinear PDF at the scale
Q2. In general, the width hk2?ia may also depend on
x, but here we will neglect it. At large k?, we rely on
the operator product expansion of the TMD PDF onto
the collinear PDF, for which the Wilson coe�cients are
known at O(↵2

s).
We implemented the above ansatz in two publicly

available tools for computing Drell-Yan di↵erential cross
sections: DYqT [29, 30] and DYRes [29, 31]. The DYqT
program computes the qT spectrum of an electroweak bo-
son V (V = �⇤,W±, Z) produced in hadronic collisions.
The calculation combines the pure fixed-order QCD re-
sult at O(↵s) at high qT (qT ⇠ MV ) with the resum-
mation of the logarithmically-enhanced contributions at
small transverse-momenta (qT ⌧ MV ) up to next-to-
next-to-leading logarithmic (NNLL) accuracy. The ra-
pidity of the vector boson and the leptonic kinematical
variables are integrated over the entire kinematical range.
At the same perturbative accuracy, the DYRes code also
provides the full kinematics of the vector boson and of its
decay products. It thus allows for the application of ar-
bitrary cuts on the final-state kinematical variables and
gives di↵erential distributions in form of bin histograms,
directly comparable to experimental measurements.
The original codes implement the nonperturbative

TMD e↵ects as a flavor- and kinematic-independent
Gaussian exponential e�gNP b2T (bT is the Fourier-
conjugate to k?) whose strength is governed by a
single parameter gNP tuned at the MW scale. This
factor represents the nonperturbative correction to
the cross section. As a consequence, it includes the
nonperturbative e↵ects from both the TMD PDFs
entering the cross section, including their evolution.
In order to mimic a flavor dependence in the parton
intrinsic transverse momentum, we modify this simple
implementation by decomposing gNP into the sum
gaNP + ga

0

NP , where the flavor indices span the range
a, a0 = uv, us, dv, ds, s, c, b, g (the subscripts referring to
the valence and sea components, respectively). In the
following, we assume gsNP = gcNP = gbNP = ggNP , i.e., we
assume that in total the intrinsic transverse-momentum
depends on five flavors.

Analysis strategy.

hk2?,uv
i 6= hk2?,dvi 6= hk2?,us

i 6= hk2?,dsi 6= hk2?,seai
<latexit sha1_base64="n6TusIKL8K9IuhGFwt2s1JaQ1YM="></latexit><latexit sha1_base64="n6TusIKL8K9IuhGFwt2s1JaQ1YM="></latexit><latexit sha1_base64="n6TusIKL8K9IuhGFwt2s1JaQ1YM="></latexit>



“Z-equivalent” sets
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• generate pTZ spectrum with flavour-independent set


• assign CDF and ATLAS uncertainty to each bin


• generate pTZ spectrum with the 50 flavour-dependent sets


• 𝛘2-select “Z-equivalent“ sets (48 for CDF, 30 for ATLAS)


➡ keep only those fulfilling both criteria (𝛘2/d.o.f. < 1.3)

NLL+LO QCD curves obtained through a modified version of the 

DYqT code [Bozzi, Catani, deFlorian, Ferrera, Grazzini (2009,2011)]


(Tevatron 1.96 TeV & LHC 7 TeV)



• Take the “Z-equivalent” flavour-dependent 
parameter sets and compute low-statistics (135M) 
mT and pTl distributions


➡ these are our pseudodata


• Take the flavour-independent parameter set and 
compute high-statistics (750M) mT and pTl 
distributions for 30 different values of MW


➡  these are our templates 

• perform the template fit procedure and 
compute the shifts induced by flavour effects


• transverse mass: zero or few MeV shifts, generally 
favouring lower values for W- (preferred by EW fit)


• lepton pt: quite important shifts (W+ set 3: 9 MeV, 
envelope: up to 15 MeV)

Impact on the determination of MW

NLL+LO QCD analysis obtained through a modified version of the 

DYRes code [Catani, deFlorian, Ferrera, Grazzini (2015)]


(LHC 7 TeV, ATLAS acceptance cuts)


Statistical uncertainty: 2.5 MeV 

Bacchetta, Bozzi, Radici, Ritzmann, Signori (arXiv:1807.02101)
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which is flavor independent (but, in principle, di↵erent
for quarks and gluons), and ga is the genuine flavor-
dependent contribution. Information on gevo can be de-
duced from Ref. [13], where the TMD PDF was extracted
from the global fit of SIDIS, Drell-Yan and Z-production
data (gevo corresponds to g2/4 in Ref. [13]). At Q = MW

and Q0 = 1 GeV, we have gevo ln(Q2/Q2
0) ⇡ 0.3 GeV2.

In order to account for the uncertainties a↵ecting the de-
termination of gevo, we choose to consider the interval
[0.2, 0.6] GeV2 as a reasonable range and we vary ga in
Eq. (2) such that the gaNP values fall into this range.

Thus, we generate random widths in the allowed
range for the considered five flavors. We build 50 sets
of flavor-dependent parameters together with a flavor-
independent set where all the parameters are put equal
to the central value of the variation range, gaNP = 0.4
GeV2. Our analysis is performed by first selecting
“Z-equivalent” sets, and then making a template fit, as
detailed here below.

Selection of “Z-equivalent” sets. For proton-proton
collisions at

p
s = 7 TeV, we generate pseudodata for

the qT distribution of the Z boson (22 bins similar to
the ATLAS ones [23]) using the flavor-independent set in
the DYqT code at O(↵s) and NLL accuracy. We do the
same for proton-antiproton collisions at

p
s = 1.96 TeV

(72 bins similar to the CDF ones [22]). We assign to each
of the qT bins an uncertainty equal to the experimental
one. We compute the qT distribution in the same con-
ditions also for each of the 50 flavor-dependent sets. We
calculate the �2 between each of these 50 distributions
and the pseudodata generated by the flavor-independent
set. We retain only those flavor-dependent sets that
have a �2 < 80 on the “CDF-like” bins (�2/d.o.f. < 1.1)
and a �2 < 44 on the “ATLAS-like” bins (�2/d.o.f. < 2).
The first criterion selects 48 flavor-dependent sets out
of 50; only 30 sets out of 50 match the second one,
because the ATLAS data have smaller (experimental)
uncertainties. We keep those flavor-dependent sets that
fullfil both criteria. When considering all the bins, these
sets have a total �2 < 124 on the pseudodata (�2/d.o.f.
< 1.3). In practice, these selected flavor-dependent sets
are equivalent to the flavor-independent one (with which
the Z pseudodata are generated) at approximately
2� level. Not surprisingly, this result implies that
the Z boson data alone are not able to discriminate
between flavor-independent and flavor-dependent sets of
nonperturbative parameters. Data from flavor-sensitive
processes are needed, in particular from SIDIS [40–43].

Template fit. Following the scheme introduced
in [26, 44], we perform a template fit to estimate the
impact of our “Z-equivalent” flavor-dependent sets on
the determination of MW . We use the DYRes code at the
same accuracy (NLL at small transverse momentum and
O(↵s) at large transverse momentum) and kinematics as

before, using the MSTW2008 NLO PDF set [45], setting
central values for the renormalization, factorization and
resummation scales µR = µF = µres = MW , and
implementing ATLAS acceptance cuts on the final-state
leptons [23]. In DYRes, the singularity of the resummed
form factor at very large values of bT (bT & 1/⇤QCD) is
avoided by the usual b⇤ prescription [2]. Similarly, the
correct behavior at very low bT is enforced by modifying
the argument of the logarithmic terms as in Refs. [37, 39].
The form factor in Eq. (2) is usually interpreted as the
nonperturbative contribution to TMD resummation for
bT & 1/⇤QCD. We generate templates with very high
statistics (750 M events) for the mT , pT ` distributions1

with di↵erent MW masses in the range 80.370 GeV
 MW  80.400 GeV, using the flavor-independent
set for the nonperturbative parameters. Then, for
each “Z-equivalent” flavor-dependent set we generate
pseudodata with lower statistics (135 M events) for
the same leptonic observables with the fixed value
MW = 80.385 GeV. Finally, for each pseudodata set we
compute the �2 of the various templates and we identify
the template with minimum �2 in order to establish how
large is the shift in MW induced by a particular choice
of flavor-dependent nonperturbative parameters. The
statistical uncertainty of the template-fit procedure has
been estimated by considering statistically equivalent
those templates for which ��2 = (�2

� �2
min)  1.

Consequently, we quote an uncertainty of 2.5 MeV for
each of the obtained MW shifts.

Impact on the MW determination.

The outcome of our template fit is summarized in
Tabs. I and II for 5 representative sets out of the 30
“Z-equivalent” sets. The former table lists the values of
the gaNP parameter in Eq. (2) for each of the 5 considered
flavors a = uv, dv, us, ds, s = c = b = g. The latter table
shows the corresponding shifts induced in MW when ap-
plying our analysis to the mT , pT ` distributions for the
W+ and the W� production at the LHC (

p
s = 7 TeV).

Set uv dv us ds s
1 0.34 0.26 0.46 0.59 0.32
2 0.34 0.46 0.56 0.32 0.51
3 0.55 0.34 0.33 0.55 0.30
4 0.53 0.49 0.37 0.22 0.52
5 0.42 0.38 0.29 0.57 0.27

TABLE I: Values of the gaNP parameter in Eq. (2) for the
flavors a = uv, dv, us, ds, s = c = b = g. Units are GeV2.

As expected, the shifts induced by the analysis per-

1
Our analysis is performed on 30 bins in the interval [60, 90] GeV

for mT and on 20 bins in the interval [30, 50] GeV for pT `.
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�MW+ �MW�

Set mT pT ` mT pT `

1 0 -1 -2 3
2 0 -6 -2 0
3 -1 9 -2 -4
4 0 0 -2 -4
5 0 4 -1 -3

TABLE II: Shifts in MW± (in MeV) induced by the cor-
responding sets of flavor-dependent intrinsic transverse mo-
menta outlined in Tab. I (Statistical uncertainty: 2.5 MeV).

formed on pT ` are generally larger than for the mT case,
since the latter is less sensitive to qWT -modelling e↵ects.

For set 3, the shift induced on MW+ by the pT ` analy-
sis is 9 MeV, its size is particularly large if compared to
the corresponding uncertainty quoted by ATLAS (3 MeV).
In general, taking also into account the statistical uncer-
tainty of our analysis, the absolute value of the shifts
induced when considering the pT ` observable could ex-
ceed 10 MeV. For MW� the shifts are less significant and
fall within a 2-� interval around zero.

In the kinematic conditions under consideration, W+

bosons are dominantly produced by a ud̄ partonic pro-
cess, with the u coming from the valence region. As
a consequence, we observe that sets characterized by a
larger value of the combination guv

NP + gds
NP (sets 3 and

5) lead to positive shifts in the value of MW+ , while sets
with a smaller value of guv

NP + gds
NP (set 2) lead to neg-

ative shifts. For W� the situation is less clear, because
the dominant partonic channel is ūd, with similar con-
tributions from the valence and sea components of the
d quark. It seems that sets with smaller values of the
sum of gus

NP + gdv
NP + gus

NP + gds
NP (sets 3, 4, 5) lead to to

negative shifts in the value of MW+ . Set 1 has a large
value of the of the sum of gus

NP + gdv
NP + gus

NP + gds
NP and

leads to a positive shift in MW+ . Set 2, however, violates
the expectations based on these simple arguments.

Di↵erent flavor-dependent sets may induce artificial
asymmetric shifts for MW+ and MW� in the flavor-
independent template fits. For instance, if MW� > MW+

(which corresponds to the ATLAS findings [23]) a template
fit to the pT ` observable based on sets 1 and 2 would
lead to di↵erent shifts �MW� > �MW+ such that
the di↵erence between the two masses is enhanced. In
this case, a fit with the corresponding flavor-dependent
nonperturbative contributions would lead to a reduction
of the mass gap. On the contrary, using sets 3-5 one
would obtain the opposite result.

Outlook and future developments.

In this work, we investigated the uncertainties on the
determination of MW at the LHC induced by a possi-
ble flavor dependence of the partonic intrinsic transverse
momentum. From these outcomes, we point out that a
“flavor-blind” data analysis may not be a su�ciently ac-

curate option, especially when a total uncertainty lower
than 10 MeV is expected for MW at the LHC [46].

Future data from flavor-sensitive processes such as
SIDIS (from the 12 GeV upgrade at Je↵erson Lab [47],
from the COMPASS collaboration [48], and from a future
Electron-Ion Collider with both proton and deuteron
beams [42, 43]) will shed new light on the flavor de-
composition of the unpolarized TMD PDF. These low-
energy SIDIS data involve also the study of the flavor
dependence in the fragmentation function (the unpolar-
ized TMD FF). Therefore, new data from semi-inclusive
e+e� annihilation will also be needed for the flavor de-
composition of the TMD FF [36].

All these data will improve our knowledge of the
partonic structure of hadrons, and may help in reducing
the uncertainties in precision measurements at high
energies.
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Conclusions
•TMDs and GPDs extend the concept of standard PDFs 
and provide a 3D description (tomography) of the nucleon

•TMDs and GPDs provide complementary information 
and allow us to investigate aspects of nucleon structure 
that are not accessible to standard collinear PDFs

•A lot of data is already available, but we expect more from e+e−, SIDIS, Drell-Yan from: 
• JLab 12 GeV (just started) 
• COMPASS transverse run (approved in 2021)  
• Polarized SeaQuest at FermiLab (approved)  
• STAR@RHIC (upgrade) 
• SMOG2, i.e., LHCb fixed target (CERN, under examination) 
• …and, of course, the EIC

•Uninterrupted progress in the field of multidimensional ``imaging” in the last decade, but we 
are a long way from anything similar to PDF global fits: busy and exciting times ahead!

The 3-D Structure of the Nucleon
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Size and demographics (2) 

EICUG organization established in summer 2016 

In numbers….: 809 members (Experimental scientists: 465 / Theory scientists: 160 / 
Accelerator scientists: 142 / Support: 3 / Other: 39), 173 institutions, 30 countries, 7 
world regions 

World map: 

Spinning Glue: QCD and Spin
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EIC Users’ Group Meeting - CUA 
Washington, DC, July 30 - August 2, 2018

Size and Demographics - CUA 2018
 

“The committee finds that the science that can be addressed by an EIC is 
compelling, fundamental and timely.” (NAS report - 24/07/18)

Marco in the Steering Committee 

Barbara in the Conference and Talks Committee

Electron Ion Collider User Group - August 2018 


