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Based on the work published by 
Rafael F. del Castillo, Miguel G. Echevarría, Yiannis Makris & Ignazio Scimemi 

https://arxiv.org/abs/2008.07531v4
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…and following work soon to be published

https://arxiv.org/abs/2008.07531v2


Motivation

• Gluon transverse momentum dependent distributions (TMDs) are di!cult to access 
due to the lack of clean processes where the factorization of the cross-section holds 
and incoming gluons constitute the dominant e"ect.
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Dijet Heavy-meson

• We  consider  two processes  which  are  presently  attracting  increasing attention

Dominguez, Xiao, Yuan, 2013
Boer, Brodsky, Mulders, Pisano, 2011

Zhang, 2017



Dijet production

• Sensitive of polarized and unpolarized TMDPDFs 
• Experimental observation should be possible in the future EIC 

• Jets here described have  and are found in the central rapidity 
region 

• Factorization within SCET

pT ∈ [2, 40] GeV
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dijet LO process:

heavy meson pair at LO:
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+ + . . . 

+ . . . 

pµ1
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qµ =
Qp
2
(nµ � n̄µ) = (0, 0, 0, Q)

<latexit sha1_base64="7+faBURMonmc9B3AUsQjfCH/RUI="></latexit>

kµ =
⇠p
2x

Qn̄µ =
⇠

2x
(Q, 0, 0,�Q)

<latexit sha1_base64="xn1t+/hv2JPZ1N8LvPoygrkyK8E="></latexit>

Page, Chu, Aschenauer, 2020



Kinematic region
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Factorization holds for   and for the central rapidity region|rT | ≪ pT

rT = p1T + p2T
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pT =
|p1T |+ |p2T |
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|rT | ⌧ pT

<latexit sha1_base64="YeHJd/iIWC54K609wPal/uZBKBo=">AAAB/XicbVDLSsNAFL2pr1pfUXe6GSyCq5JIQd0V3bis0Bc0IUymk3bo5MHMRChp0Z/Rlag7f8If8G+c1Cy09WzmzD3nwj3HTziTyrK+jNLK6tr6RnmzsrW9s7tn7h90ZJwKQtsk5rHo+VhSziLaVkxx2ksExaHPadcf3+R6954KyeKopSYJdUM8jFjACFZ65JlHU+T4MR/ISaifTMy81tThHCVeyzOrVs2aAy0TuyBVKND0zE9nEJM0pJEiHEvZt61EuRkWihFOZxUnlTTBZIyHtK9phEMq3WyeYYZOg1ggNaJo/v/tzXAo8/O0J8RqJBe1fPif1k9VcOlmLEpSRSOiLVoLUo5UjPIq0IAJShSfaIKJYPpKREZYYKJ0YRUd314Mu0w65zW7Xru6q1cb10URZTiGEzgDGy6gAbfQhDYQeIRneIN348F4Ml6M1x9rySh2DuEPjI9vDQWVjw==</latexit>

-2 -1 0 1 2
-2

-1

0

1

2

Dijet production



Kinematic region   vs   EIC coverage
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Overlapping increases with higher beam energies
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Dijet production



Cross-section factorization
Dijet production
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d�

dxd⌘1d⌘2dpT drT
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-  Bjorken variable 
-  jet pseudorapidity 
-  transverse momentum 
-  transverse momentum imbalance

x
ηi
pT
rT

We measure over



Unpolarized & linearly polarized cross-section
Dijet production

Unpolarized cross-section

Linearly polarized  
cross-section
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(+1)v1
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<latexit sha1_base64="HMCHsKi1qqC1lBYRWXYS1eFByDE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEoFaEkVdBjwYvHCvYD2hA22027dLMJu5tCDf0lXjwo4tWf4s1/47bNQasPBh7vzTAzL0g4U9pxvqzC2vrG5lZxu7Szu7dftg8O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxrdzvzOhUrFYPOhpQr0IDwULGcHaSL5drl70mQj19NzPJn595tsVp+YsgP4SNycVyNH07c/+ICZpRIUmHCvVc51EexmWmhFOZ6V+qmiCyRgPac9QgSOqvGxx+AydGmWAwliaEhot1J8TGY6UmkaB6YywHqlVby7+5/VSHd54GRNJqqkgy0VhypGO0TwFNGCSEs2nhmAimbkVkRGWmGiTVcmE4K6+/Je06zX3sla/v6o0zvI4inAMJ1AFF66hAXfQhBYQSOEJXuDVerSerTfrfdlasPKZI/gF6+Mb70aSiQ==</latexit>

(�1)n
<latexit sha1_base64="wh9xQ4YbXfsMR5a5b1uktB+SN+g=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BItSD5akCnosePFYwX5AG8pmu2mXbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt5VbW9/Y3MpvF3Z29/YPiodHTR0lirIGjUSk2j7RTHDJGshRsHasGAl9wVr+6G7mt8ZMaR7JR5zEzAvJQPKAU4JG8sqXXS4DnFz0UjntFUtOxZnDXiVuRkqQod4rfnX7EU1CJpEKonXHdWL0UqKQU8GmhW6iWUzoiAxYx1BJQqa9dH701D4zSt8OImVKoj1Xf0+kJNR6EvqmMyQ41MveTPzP6yQY3Hopl3GCTNLFoiARNkb2LAG7zxWjKCaGEKq4udWmQ6IIRZNTwYTgLr+8SprVintVqT5cl2rnWRx5OIFTKIMLN1CDe6hDAyg8wTO8wps1tl6sd+tj0Zqzsplj+APr8wc/JpGt</latexit>

(a) (b) (c) (d)

New soft function
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Ŝ�f = Ŝ�g(n $ v2)

<latexit sha1_base64="AAqAO9ro7UWTtjTO1ogkISQalSU=">AAACIHicbVBNT9tAFFxDgRC+Ahy5rBohwSWyUSTggBSJHnqkagNIcWQ9L8/2il3b2n0GRVb+DPyZIiFVwKn9Nd2kObShc5qdmZXeTFwqacn3f3oLix+Wllcaq8219Y3Nrdb2zqUtKiOwLwpVmOsYLCqZY58kKbwuDYKOFV7Ft+cT/+oOjZVF/o1GJQ41pLlMpAByUtQ6CzMg/jWqwxS0Bp6M+Rmf09IxP8h5qDAhI9OMwJjint9FR4dRq+13/Cn4exLMSJvNcBG1nsObQlQacxIKrB0EfknDGgxJoXDcDCuLJYhbSHHgaA4a7bCe1hzz/aQwnDLk0/ff2Rq0tSMdu4wGyuy8NxH/5w0qSk6GtczLijAXLuK8pFKcCj5Zi99Ig4LUyBEQRrorucjAgCC3adPVD+bLvieXR52g2zn90m33Ps2GaLA99pEdsIAdsx77zC5Ynwn2yJ7YK3vzHrzv3g/v5U90wZv92WX/wPv1G/sUojQ=</latexit>

+ virtual diagrams  

            at one-loop order…

Sv(+1, ⇠) = P exp
⇥
� ig

Z +1

0
d� v ·A(�v + ⇠)

⇤

<latexit sha1_base64="meYKr7EcFcJEBoha8JxNYzkwoYw="></latexit>

S†
v̄(+1, ⇠) = P exp

⇥
ig

Z +1

0
d� v̄ ·A(�v̄ + ⇠)

⇤

<latexit sha1_base64="a3Y417xVrz5SiFzw14ZeSgd3cGU="></latexit>

Sn(+1, ⇠) = lim
�+!0

P exp
⇥
� ig

Z +1

0
d� n ·A(�n+ ⇠)e��+�

⇤

<latexit sha1_base64="X8BhLrQX1Zy0elRmabHiICg/MX8="></latexit>

Soft  

function

 Wilson  

lines  - regulator !!!δ

 - incoming beam direction 

 - jet 1 direction 

 - jet 2 direction

n

v1

v2

Echevarría, Scimemi, Vladimirov, 2016
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Describe evolution of functions 
depending on two scales

TMDPDF TMDFF Dijets SF

 scale ζ

 scaleμ Renormalization 
scale

 regulator 
(DR) 

ε

Rapidity 
scale  regulatorδ

fixed  evolutionμ
Evolution, double-scale evolution

Scimemi, Vladimirov, 2018
Scimemi, Vladimirov, 2020



Evolution, -prescriptionζ
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fixed  evolutionμ

<latexit sha1_base64="3FOtyH4RbraVFyJ7q7/TOjC/u6A="></latexit>

S (b;µf , ⇣2,f ) = exp

Z

P
(�S (µ, ⇣2) d lnµ�DS(µ, b)d ln ⇣2)

�
S (b;µ0, ⇣2,0)

<latexit sha1_base64="uuzLgCrMfu3BbeKqhpADqBMJLVs="></latexit>

d

d lnµ
S(b;µ, ⇣) = �S(b;µ, ⇣)S(b;µ, ⇣)

<latexit sha1_base64="E+IHsmTZHIhj/f2XyOr/RCRu66c="></latexit>

d

d ln ⇣
S(b;µ, ⇣) = �DS(b, µ)S(b;µ, ⇣)

<latexit sha1_base64="+Aw4qtS094o3N6RRRCt+wxth2C8=">AAACCXicbVDLSsNAFL3xWesr6tLNYFFclUQU3QhFsbisYB/QhDKZTtqhk0yYmQil9Av0Z3Ql6s6tP+DfOKlZ1NazmTPnnAv33CDhTGnH+bYWFpeWV1YLa8X1jc2tbXtnt6FEKgmtE8GFbAVYUc5iWtdMc9pKJMVRwGkzGFxnfvOBSsVEfK+HCfUj3ItZyAjWRurYR14geFcNI/MgL8YBx6iKLtG0fIOqHbvklJ0J0Dxxc1KCHLWO/eV1BUkjGmvCsVJt10m0P8JSM8LpuOiliiaYDHCPtg2NcUSVP5r0GaPDUEik+xRN/tPZEY5UtpXJRFj31ayXif957VSHF/6IxUmqaUxMxHhhypEWKDsL6jJJieZDQzCRzGyJSB9LTLQ5XtHUd2fLzpPGSdk9Kzt3p6XKVX6IAuzDARyDC+dQgVuoQR0IPMELvMOH9Wg9W6/W2290wcpn9uAPrM8f21uZDg==</latexit>rF = EF
<latexit sha1_base64="J0w96Li0ebyklZqJeqJSI88d+UE=">AAACIHicbVDLSgMxFM34tr6qLt0Ei9BCLTOi6EYQH+BS0arQKeVOetuGJjNDkhHq0J/Rn1EQRF3p15ipFXydTU7uORfuOUEsuDau++aMjI6NT0xOTedmZufmF/KLSxc6ShTDKotEpK4C0Ch4iFXDjcCrWCHIQOBl0D3I9MtrVJpH4bnpxViX0A55izMwdtTI7/pBJJq6J+1Dj+guLfptkBIaZ8Wg7Muk7N+ggVJ53ZdgOgxEetj/0kqlRr7gVtwB6F/iDUmBDHHSyD/6zYglEkPDBGhd89zY1FNQhjOB/ZyfaIyBdaGNNUtDkKjr6SBmn661IkVNB+ng/92bgtRZBuvJztS/tWz4n1ZLTGunnvIwTgyGzFqs1koENRHN2qJNrpAZ0bMEmOL2Sso6oIAZ22nOxvd+h/1LLjYq3lbFPd0s7O0Pi5giK2SVFIlHtskeOSYnpEoYuSMP5IW8OrfOvfPkPH9aR5zhzjL5Aef9A9lgoXA=</latexit>

E = (�S(b, µ, ⇣),�DS(b, µ))
<latexit sha1_base64="0lFKmfslCqvHr17UhcYAt3iHsMo=">AAACI3icbVBLS8NAGNz4rPVV9ehlsQieSlIUvQhFPXhUtCo0NXzZfmkXd5OwuxFqyM/RP2NPooIH/4vbWsHXnGZnZuGbCVPBtXHdN2dicmp6ZrY0V55fWFxarqysXugkUwybLBGJugpBo+AxNg03Aq9ShSBDgZfhzeHQv7xFpXkSn5t+im0J3ZhHnIGxUlBp+F2QEoIzuk/r1JdgegxEflRYxY8UsLxDfRFT/w4NBLkvs6L4kmR2XS+CStWtuSPQv8QbkyoZ4ySoDPxOwjKJsWECtG55bmraOSjDmcCi7GcaU2A30MWWpTFI1O181LSgm1GiqOkhHb2/Z3OQWvdlaDPDEvq3NxT/81qZifbaOY/TzGDMbMR6USaoSehwMNrhCpkRfUuAKW6vpKwHdhljZy3b+t7vsn/JRb3m7dTc0+1q42A8RImskw2yRTyySxrkmJyQJmHkgQzIC3l17p1H58l5/oxOOOM/a+QHnPcPMFKj9w==</latexit>

�S = 2DS
d ln ⇣µ
d lnµ2

<latexit sha1_base64="/e2zdJJFZYe1Yto8m1h09vVOLAg="></latexit>

RS

�
(µ0, ⇣2,0) ! (µf , ⇣f )

�
=

 
⇣f

⇣2,µ(b, µf )

!�DS(b,µf )

<latexit sha1_base64="C9p6oTAevsxik+19/ECK0qUTbGs="></latexit>

⇣�⇤g2,µ (b, µ) =
⇣ µ

µ0

⌘ 2CF
CA ⇣2,0e

vS(b,µ)

<latexit sha1_base64="3cqcKlVMo7/SzeNb6rj+QKx67m0=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZo9El0Y1LNPJIgJCepgY69DzSXWNCJnyBroy684/8Af/GBmeh4F2drns7qVt+oqQh1/1yCiura+sbxc3S1vbO7l55/6Bp4lQLbIhYxbrtc4NKRtggSQrbiUYe+gpb/vhm5rceURsZRw80SbAX8mEkAyk42dF9d9ovV9yqOxdbBi+HCuSq98uf3UEs0hAjEoob0/HchHoZ1ySFwmmpmxpMuBjzIXYsRjxE08vmm07ZSRBrRiNk8/fvbMZDYyahbzMhp5FZ9GbD/7xOSsFVL5NRkhJGwkasF6SKUcxmhdlAahSkJha40NJuycSIay7InqVk63uLZZeheVb1Lqru3Xmldp0foghHcAyn4MEl1OAW6tAAAQE8wxu8O+g8OS/O60+04OR/DuGPnI9vkpKLAA==</latexit> }

<latexit sha1_base64="3cqcKlVMo7/SzeNb6rj+QKx67m0=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZo9El0Y1LNPJIgJCepgY69DzSXWNCJnyBroy684/8Af/GBmeh4F2drns7qVt+oqQh1/1yCiura+sbxc3S1vbO7l55/6Bp4lQLbIhYxbrtc4NKRtggSQrbiUYe+gpb/vhm5rceURsZRw80SbAX8mEkAyk42dF9d9ovV9yqOxdbBi+HCuSq98uf3UEs0hAjEoob0/HchHoZ1ySFwmmpmxpMuBjzIXYsRjxE08vmm07ZSRBrRiNk8/fvbMZDYyahbzMhp5FZ9GbD/7xOSsFVL5NRkhJGwkasF6SKUcxmhdlAahSkJha40NJuycSIay7InqVk63uLZZeheVb1Lqru3Xmldp0foghHcAyn4MEl1OAW6tAAAQE8wxu8O+g8OS/O60+04OR/DuGPnI9vkpKLAA==</latexit>

}
Equipotential (null-evolution) line is given by

Saddle point 

gluon channel solution
perturbative

Evolution kernel is given by

Scimemi, Vladimirov, 2020
Scimemi, Vladimirov, 2018



Plots for phenomenological analysis

• We use arTeMiDe to obtain the plots 
• TMDPDF and TMDFF structure and evolution is included arTeMiDe 
• SF double-scale evolution and jet functions included as new modules
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https://teorica.#s.ucm.es/artemide/ 
https://github.com/vladimirovalexey/artemide-public.” 

<latexit sha1_base64="0XitjPS8+19AaA/KxxmjVpGMFpE=">AAACCnicbVDLSgNBEJz1GeMr6tHLYBAVJOxKUC9C0IMeE8hDyC5hdtIxg7MPZ3rFsOQP9Gf0JOrNoz/g3zgbc9Bonaq7qqGr/FgKjbb9aU1Nz8zOzecW8otLyyurhbX1po4SxaHBIxmpS59pkCKEBgqUcBkrYIEvoeVfn2V66xaUFlFYx0EMXsCuQtETnKFZdQo7cadOT+iB7e5TF+EO03NoDt2bhHXpbqa5WgS0ttcpFO2SPQL9S5wxKZIxqp3Ch9uNeBJAiFwyrduOHaOXMoWCSxjm3URDzPg1u4K2oSELQHvpKNCQbvciRbEPdDT/9KYs0HoQ+MYTMOzrSS1b/qe1E+wde6kI4wQh5MZitF4iKUY064V2hQKOcmAI40qYLynvM8U4mvbyJr4zGfYvaR6UnMNSuVYuVk7HReTIJtkiu8QhR6RCLkiVNAgnD+SJvJI36956tJ6tl2/rlDW+2SC/YL1/AdgFmGU=</latexit>

pT = 20GeV (pT ⇠ Q)
<latexit sha1_base64="XmMd8JBKROKFGIu/T3pKfPQD/lU=">AAAB/nicbVDLSgNBEJyNrxhfqx5zGQyCBwm7EtSLEPSgxwjmAdkQZiedZMjsw5leMSwB/Rk9iXrzI/wB/8ZJzEET61TdVQ1d5cdSaHScLyuzsLi0vJJdza2tb2xu2ds7NR0likOVRzJSDZ9pkCKEKgqU0IgVsMCXUPcHF2O9fgdKiyi8wWEMrYD1QtEVnKFZte28p28VpnpEz6hbcrxD6iHcY3oJtVHbLjhFZwI6T9wpKZApKm370+tEPAkgRC6Z1k3XibGVMoWCSxjlvERDzPiA9aBpaMgC0K10EmJE97uRotgHOpl/e1MWaD0MfOMJGPb1rDZe/qc1E+yetlIRxglCyI3FaN1EUozouAvaEQo4yqEhjCthvqS8zxTjaBrLmfjubNh5UjsqusfF0nWpUD6fFpElebJHDohLTkiZXJEKqRJOHskzeSPv1oP1ZL1Yrz/WjDW92SV/YH18A+YVlL0=</latexit>p
s = 140GeV

Integrated over  
Central rapidity region

x



13

0

2

4

6

8

10

0

2

4

6

8

10

0

2

4

6

8

10

0

2

4

6

8

10

-20

-10

0

10

20

30

40

-20

-10

0

10

20

30

40

-20

-10

0

10

20

30

40

-20

-10

0

10

20

30

40

0 2 4 6 8 10

0

2

4

6

8

0 2 4 6 8 10

0

2

4

6

8

0 2 4 6 8 10

0

2

4

6

8

0 2 4 6 8 10

0

2

4

6

8

Unpolarized 
gluon channel

Linearly 
polarized 

gluon channel

Unpolarized 
quark channel



Conclusion

• We have established factorization for dijet production 
• Can be potentially observed in the future EIC 
• We have been able to compute the new TMD Soft Function up to NLO and its 

anomalous dimension up to three-loops 

• Rapidity structure of this new SF allows us to use the -prescription 
• The presence of the new SF makes the gluon TMDPDF extraction non-trivial 
• Analysis of the numerical result for the cross-section shows the e"ect of linearly 

polarized gluon TMDs can be neglected compared to unpolarized gluon TMDs

ζ
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Thank you for listening!


