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Based on the work recently published (accepted) 
Rafael F. del Castillo, Miguel G. Echevarría, Yiannis Makris & Ignazio Scimemi 

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

Dijet production

- EIC coverage 
- Cross-section factorization 
- New TMD Soft Function 
- Consistency AD check

Heavy meson pair production

- Cross-section factorization 
- Soft Function AD up to three-loops

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


Introduction

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

• We  consider  two processes  which  are  presently  attracting  increasing attention

For example: Higgs production
Gutierrez-Reyez, Leal-Gómez, Scimemi, Vladimirov, 2019

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

Zhang, 2017Working in the Breit frame



Dijet production

• Sensitive of polarized and 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 ∈ [4, 20] GeV
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dijet LO process:

heavy meson pair at LO:
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Qp
2
(nµ � n̄µ) = (0, 0, 0, Q)
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kµ =
⇠p
2x

Qn̄µ =
⇠

2x
(Q, 0, 0,�Q)
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Page, Chu, Aschenauer, 2020



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

rT = p1T + p2T
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Kinematic region   vs   EIC coverage
Dijet production

6

Overlapping increases with higher beam energies
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Cross-section factorization
Dijet production
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dxd⌘1d⌘2dpT drT
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-  parton momentum fraction 
-  jet pseudorapidity 
-  transverse momentum 
-  transverse momentum imbalance

x
ηi
pT
rT

We measure over
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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

8

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



New soft function

9

<latexit sha1_base64="dbYHWCVYA+ClM0CAD0Ft7/u6cvE="></latexit>

Ab =
(v1 · v2)

2 (v1 · b̂) (v2 · b̂)
= � ŝ

4 p2T c2b
with…

 - channel(γ*g)

Finite result

<latexit sha1_base64="BMyt+HHlExxPC+SResIMJPw8NaY=">AAACJHicbVBNS8MwGE7n15xfU49egkPYQEZbFL0Im148TnAfsJaSZukWlqYlSQej9O/on5knUfHibzGbE3XzPT1fgTyPHzMqlWm+G7mV1bX1jfxmYWt7Z3evuH/QklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vJn67RERkkb8Xo1j4oaoz2lAMVJa8or1usfhFXQCgXAKyyPPgg7uRQqOPLuSpbZzCsvwR+WwMuP2N69kXrFkVs3ZwWVgzUEJzK/hFSdOL8JJSLjCDEnZtcxYuSkSimJGsoKTSBIjPER90tWQo5BIN51VzeBJEAmoBgTO+O9sikIpx6GvMyFSA7noTcX/vG6igks3pTxOFOFYR7QXJAyqCE4Xgz0qCFZsrAHCgupfQjxAei+ldy3o+tZi2WXQsqvWedW8OyvVrudD5MEROAZlYIELUAO3oAGaAINH8ARewZvxYEyMZ+PlK5oz5m8OwZ8zPj4Bv2mgdg==</latexit>

An =
(v1 · v2)

2 (v1 · n)(v2 · n)



Zero-bin subtraction

• We need to subtract the zero-bin from the TMD beam function 

• The zero-bin corresponds to the two-direction back-to-back soft function (the one used in 
Drell-Yan or SIDIS). Here, we use the subtraction as done in Echevarría, Idilbi, Scimemi, 2013. 

• We can reorganize the zero-bin to obtain rapidity divergence-free function as expressed in the 
cross-section factorization 

• This leads to the universal TMDPDF and a rapidity divergence-free new TMD soft function 
and the introduction of the scale ζ

10

Bun.
i (⇠, b, µ, k�/��) �! Fi(⇠, b, µ, ⇣1)

<latexit sha1_base64="FmTCXy43dOcTWJ6Nb9uPNfvDgU4="></latexit>

Ŝ�i(b, µ,
p

An �
+) �! S�i(b, µ, ⇣2)

<latexit sha1_base64="DP4W5MwA1LI5tTrNqaEpK4dl5XQ="></latexit>



Zero-bin subtraction
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S(b, µ,
p
�+��) = S

1
2 (b, µ, �+⌫)S

1
2 (b, µ, ��/⌫)

<latexit sha1_base64="7BJaItxsQr5ogM2+ZQS4S+S+emo="></latexit>

Due to the rapidity divergencies structure of the two-direction soft function (zero-bin) 

 can be split as

Fi(⇠, b, µ, ⇣1) =
Bun.

i (⇠, b, µ, k�/��)

S
1
2 (b, µ, ��/⌫)

�����p
2 k�/⌫!

p
⇣1

<latexit sha1_base64="UcGG8+TD8zCd7pW4p1gYKVM7jfo="></latexit>

S�i(b, µ, ⇣2) =
Ŝ�i(b, µ,

p
An �+)

S
1
2 (b, µ, �+⌫)

�����
⌫/

p
2An!

p
⇣2

<latexit sha1_base64="H+Q8m/qEF9STqqxSMiqIx7Quhds="></latexit>

This way we defined the rapidity divergence-free objects

Universal TMDPDF Rapidity divergence-free new soft function

 arbitrary positive 
number

ν

 scale associated with the  - regulator and zero-bin splitζ δ



Zero-bin subtraction
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The scale can be removed from the final result by introducing the constrain
 scaleζ

⇣1 ⇣2 =
(k�)2

An
=

û t̂

ŝ

<latexit sha1_base64="NoHvWoli/shqGrR5LHLHJIxmWV8="></latexit>

In the Breit-frame this leads to
⇣1 ⇣2 = p2T

<latexit sha1_base64="RMVGU36RnXfaFWfSLz+He7fmhA4=">AAAB/nicbZDLSsNAFIYn9VbrLeqym8EiuJCSlIK6EAq6cFmhN2himExP2qGTCzMToYaCvoyuRN35EL6Ab2PSZqGtZ/XN+f+B8/9uxJlUhvGtFVZW19Y3ipulre2d3T19/6Ajw1hQaNOQh6LnEgmcBdBWTHHoRQKI73LouuOrTO/eg5AsDFpqEoHtk2HAPEaJSleOXrYeQBHHxNYpnmMNX+LIad3VSo5eMarGbPAymDlUUD5NR/+yBiGNfQgU5UTKvmlEyk6IUIxymJasWEJE6JgMoZ9iQHyQdjILMcXHXiiwGgGevX97E+JLOfHd1OMTNZKLWrb8T+vHyju3ExZEsYKAppZU82KOVYizLvCACaCKT1IgVLD0SkxHRBCq0say+OZi2GXo1KpmvXpxW680rvMiiqiMjtAJMtEZaqAb1ERtRNETekHv6EN71J61V+1tbi1o+Z9D9Ge0zx8vRZOf</latexit>

Notice that
 has square mass dimension  

 is dimensionless

ζ1

ζ2

 ζ1 = p2
T

ζ2 = 1

natural way of  

choosing the scale

Procedure totally analogous to the one used in Drell-Yan or SIDIS

This allows to use  - prescription for TMDPDF and SF evolution (work in progress)ζ
Scimemi, Vladimirov, 2020



Zero-bin subtraction
Subtracted soft function, finite result

 - channel(γ*g)

<latexit sha1_base64="dbYHWCVYA+ClM0CAD0Ft7/u6cvE="></latexit>

Ab =
(v1 · v2)

2 (v1 · b̂) (v2 · b̂)
= � ŝ

4 p2T c2b

13

with…



Consistency check
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Dijet-production

<latexit sha1_base64="3u7X1KqJsLGEpsH4DucVBjwpoOA=">AAACFnicbVBNS8MwAE39nPOr6tFLcAgTZLR+oBdh6EGPE9wHrKWkabqFJW1JUmGU/g/9M3oSFTx49d+YbRV0813y8t4L5D0/YVQqy/oy5uYXFpeWSyvl1bX1jU1za7sl41Rg0sQxi0XHR5IwGpGmooqRTiII4j4jbX9wNfLb90RIGkd3apgQl6NeREOKkdKSZx47oUA4C/IscFjk8DSH11V9HMALCJ0e4hx5E8E5/HE8s2LVrDHgLLELUgEFGp754QQxTjmJFGZIyq5tJcrNkFAUM5KXnVSSBOEB6pGuphHiRLrZuFwO98NYQNUncHz/nc0Ql3LIfZ3hSPXltDcS//O6qQrP3YxGSapIhHVEe2HKoIrhaCMYUEGwYkNNEBZU/xLiPtI7Kb1kWde3p8vOktZRzT6tWbcnlfplMUQJ7II9UAU2OAN1cAMaoAkweATP4A28Gw/Gk/FivE6ic0bxZgf8gfH5Den8nSs=</latexit>

d

d lnµ
G(µ) = �G(µ)G(µ)

<latexit sha1_base64="pAUL7yS7SMcetDCBrzJ9bbK+lug="></latexit>

(�⇤g)-channel �H�g + �S�g + �Fg + 2�Jf + �C1 + �C2 + �↵ = 0
<latexit sha1_base64="xr3VWdpnrHNtcC3V4r5Eu7L+rac="></latexit>

(�⇤f)-channel �H�f + �S�f + �Ff + �Jf + �Jg + �Cf + �Cg + �↵ = 0

The sum of all anomalous dimensions should cancel for each channel

<latexit sha1_base64="EezpNV0JwP9nFBCqvWrjWuGfZ/I="></latexit>

(vf ) = �(vf̄ ) = �(vg) = i⇡ sign(cb)

They cancel !!!



Heavy-meson pair production

• Experimentally more challenging 

• Observation of charmed mesons could be possible

15

dijet LO process:

heavy meson pair at LO:

(�⇤g)
<latexit sha1_base64="J8coPN5hkT51PA5EvkXIytYySMA=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItSPZTdKuix4MVjBfsB3bXMptltaJJdkqxQSv+GFw+KePXPePPfmLZ70OqDgcd7M8zMC1POtHHdL6ewsrq2vlHcLG1t7+zulfcP2jrJFKEtkvBEdUPQlDNJW4YZTrupoiBCTjvh6Gbmdx6p0iyR92ac0kBALFnECBgr+VU/BiHg4RzHZ/1yxa25c+C/xMtJBeVo9suf/iAhmaDSEA5a9zw3NcEElGGE02nJzzRNgYwgpj1LJQiqg8n85ik+scoAR4myJQ2eqz8nJiC0HovQdgowQ73szcT/vF5moutgwmSaGSrJYlGUcWwSPAsAD5iixPCxJUAUs7diMgQFxNiYSjYEb/nlv6Rdr3kXtfrdZaVxmsdRREfoGFWRh65QA92iJmohglL0hF7Qq5M5z86b875oLTj5zCH6BefjG4NckJk=</latexit>

(�⇤f)
<latexit sha1_base64="hxhjwwKSLwfAqWdYud89cC8OwLk=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItSPZTdKuix4MVjBfsB3bXMptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70OqDgcd7M8zMCxPOtHHdL6ewsrq2vlHcLG1t7+zulfcP2jpOFaEtEvNYdUPQlDNJW4YZTruJoiBCTjvh+Gbmdx6p0iyW92aS0EDAULKIETBW8qv+EISAh3McnfXLFbfmzoH/Ei8nFZSj2S9/+oOYpIJKQzho3fPcxAQZKMMIp9OSn2qaABnDkPYslSCoDrL5zVN8YpUBjmJlSxo8V39OZCC0nojQdgowI73szcT/vF5qousgYzJJDZVksShKOTYxngWAB0xRYvjEEiCK2VsxGYECYmxMJRuCt/zyX9Ku17yLWv3ustI4zeMooiN0jKrIQ1eogW5RE7UQQQl6Qi/o1UmdZ+fNeV+0Fpx85hD9gvPxDYHXkJg=</latexit>

+ + . . . 

+ . . . 

pµ1
<latexit sha1_base64="tGojqvU+NYcCLWarxz1q7RgcSio=">AAAB8HicdVBNSwMxEJ2tX7V+VT16CRbF07JbRT0WvHisYD+kXUs2zbahSXZJskJZ+iu8eFDEqz/Hm//GtF1Biz4YeLw3w8y8MOFMG8/7dApLyyura8X10sbm1vZOeXevqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4upr6rQeqNIvlrRknNBB4IFnECDZWukt6/n3WFemkV654rjcD8tzzBeLnVgVy1Hvlj24/Jqmg0hCOte74XmKCDCvDCKeTUjfVNMFkhAe0Y6nEguogmx08QUdW6aMoVrakQTP150SGhdZjEdpOgc1QL3pT8S+vk5roMsiYTFJDJZkvilKOTIym36M+U5QYPrYEE8XsrYgMscLE2IxKNoTvT9H/pFl1/VO3enNWqR3ncRThAA7hBHy4gBpcQx0aQEDAIzzDi6OcJ+fVeZu3Fpx8Zh9+wXn/AtvnkFw=</latexit>

pµ2
<latexit sha1_base64="ZTWNniBWanf5aeqn0rGMTiqUh0U=">AAAB8HicdVBNSwMxEJ2tX7V+VT16CRbF07JbRT0WvHisYD+kXUs2zbahSXZJskJZ+iu8eFDEqz/Hm//GtF1Biz4YeLw3w8y8MOFMG8/7dApLyyura8X10sbm1vZOeXevqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4upr6rQeqNIvlrRknNBB4IFnECDZWukt61fusK9JJr1zxXG8G5LnnC8TPrQrkqPfKH91+TFJBpSEca93xvcQEGVaGEU4npW6qaYLJCA9ox1KJBdVBNjt4go6s0kdRrGxJg2bqz4kMC63HIrSdApuhXvSm4l9eJzXRZZAxmaSGSjJfFKUcmRhNv0d9pigxfGwJJorZWxEZYoWJsRmVbAjfn6L/SbPq+qdu9easUjvO4yjCARzCCfhwATW4hjo0gICAR3iGF0c5T86r8zZvLTj5zD78gvP+Bd1xkF0=</latexit>

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>

`+ h ! `
0 +H + H̄ +X

<latexit sha1_base64="GJ/pp488rNrC1RKQXhtR7V++6so=">AAACBXicbVBLS8NAGNzUV62vqEcvS4sPKJRECuqt6KXHCvYBTSib7Zd26ebB7kYooWf9M3oS9eYf8A/4b9zUHLR1TvPNzMLOeDFnUlnWl1FYWV1b3yhulra2d3b3zP2DjowSQaFNIx6JnkckcBZCWzHFoRcLIIHHoetNbjK/ew9Csii8U9MY3ICMQuYzSpSWBmbZAc5xFY9PHBVhnF2nVdzUiuMRkTZn1d7ArFg1aw68TOycVFCO1sD8dIYRTQIIFeVEyr5txcpNiVCMcpiVnERCTOiEjKCvaUgCkG467zLDx34ksBoDnt+/sykJpJwGns4ERI3lopeJ/3n9RPmXbsrCOFEQUh3Rnp9wrAtnk+AhE0AVn2pCqGD6l5iOiSBU6eFKur69WHaZdM5rdr12dVuvNK7zIYroCJXRGbLRBWqgJmqhNqLoET2jN/RuPBhPxovx+hMtGPmbQ/QHxsc3MQ6Vww==</latexit>

Arratia, Furletova, Hobbs, Olness, Nguyen et al. 2020

Li, Liu, Vitev, 2020

Chudakov, Higinbotham, Hyde, Furletov, Furletova, Nguyen, 2016



Cross-section factorization
Heavy meson pair production

16

-  parton momentum fraction 
- ,  heavy meson pseudorapidity 
-  transverse momentum 
-  transverse momentum imbalance

x
ηH ηH̄
pT
rT

We measure over

<latexit sha1_base64="y/asoZNX1Jcl+QBycsa5J+cyjOM=">AAACCXicbVC7TsMwFHXKq5RXgJHFogIxoCpBIBgrWDoWqS+pCZHjOq1VJ45sB6lK8wXwMzAhYGPlB/gbnJIBWs7i43vOle45fsyoVJb1ZZSWlldW18rrlY3Nre0dc3evI3kiMGljzrjo+UgSRiPSVlQx0osFQaHPSNcf3+R6954ISXnUUpOYuCEaRjSgGCk98szjqeNzNpCTUD+pyLwWnEKHMRh7rbu0cer4SMBG5plVq2bNABeJXZAqKND0zE9nwHESkkhhhqTs21as3BQJRTEjWcVJJIkRHqMh6WsaoZBIN53lyeBRwAVUIwJn/9/eFIUyv1V7QqRGcl7Lh/9p/UQFV25KozhRJMLaorUgYVBxmNcCB1QQrNhEE4QF1VdCPEICYaXLq+j49nzYRdI5q9kXNev2vFq/LooogwNwCE6ADS5BHTRAE7QBBo/gGbyBd+PBeDJejNcfa8kodvbBHxgf3yi1meI=</latexit>

|rT | ⌧ pH,H̄

T
<latexit sha1_base64="3CsZp0nxV5iWWmoQQTZxx4f0mvU=">AAAB9HicbZC9TsMwFIUdfkv5S2FksaiQmKoEgWCsYOlYpP5JbYgc9ya1aieR7RRVUd8EJgRsPAkvwNvglgzQcqbP9xxL954g5Uxpx/my1tY3Nre2Szvl3b39g0O7ctRRSSYptGnCE9kLiALOYmhrpjn0UglEBBy6wfhu7ncnIBVL4paepuAJEsUsZJRoM/LtSurnrdlD3pjhQRRh4Td8u+rUnIXwKrgFVFGhpm9/DoYJzQTEmnKiVN91Uu3lRGpGOczKg0xBSuiYRNA3GBMByssXq8/wWZhIrEeAF+/f2ZwIpaYiMBlB9Egte/Phf14/0+GNl7M4zTTE1ESMF2Yc6wTPG8BDJoFqPjVAqGRmS0xHRBKqTU9lc767fOwqdC5q7lXNub+s1m+LIkroBJ2ic+Sia1RHDdREbUTRI3pGb+jdmlhP1ov1+hNds4o/x+iPrI9vaz2RJQ==</latexit>

pH
T

� mH

Region sensitive to TMD 
Factorization for highly boosted heavy mesons 

We have a new scale

Fickinger, Fleming, Kim, Mereghetti, 2016

<latexit sha1_base64="B92cOEG4dy/z+j1OxxE3Vr1mjkE=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxcUVmjESXRDcuIcpPAhPSKXegoZ2ZtB0TMuENdGXUnU/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5nfudR1Sax9GDmSboSzqKeMgZNXZ0LwfNQbniVt2FyCp4OVQgV2NQ/uwPY5ZKjAwTVOue5ybGz6gynAmclfqpxoSyCR1hz2JEJWo/W6w6I2dhrIgZI1m8f2czKrWeysBmJDVjvezNh/95vdSE137GoyQ1GDEbsV6YCmJiMm9MhlwhM2JqgTLF7ZaEjamizNi7lGx9b7nsKrQvql6t6jYvK/Wb/BBFOIFTOAcPrqAOd9CAFjAYwTO8wbsTOk/Oi/P6Ey04+Z9j+CPn4xsd1otO</latexit>mQ



Refactorization of heavy-quark fragmentation
Heavy meson pair production
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We use heavy-quark jet function to describe the fragmentation of heavy mesons from heavy 
quarks. In the limit  there are two scales that need to be resummed rT ≪ pT

To do this we use bHQET (boosted heavy quark effective theory) to factorize the jet 
function into a hard matching coefficient and a TMD matrix element

Known up to two-loops

Appears for the first time



Refactorization of heavy-quark fragmentation
Heavy meson pair production
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Up to one loop order we find

<latexit sha1_base64="YfQk5g6EcWoteTAQ+bsl7TGf1PI="></latexit>

�J =
↵sCF

⇡
{1� 2 lnR}

with…

We have separated scales and can now perform resummation 

Anomalous dimension are consistent Consistent !!!



Connection to the fragmentation shape function
Heavy meson pair production
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We can see that the shape function is related to the bHQET jet function

-   We can check our NLO calculation (finite terms) 
-   We can get the jet function AD up to two loops

Fickinger, Fleming, Kim, Mereghetti, 2016

This sum is known up to three-loops…

<latexit sha1_base64="FMm+tDMv9mcXutI8UM2hZNPG4xE=">AAACDnicbVDLTttAFB3zTMOjgS67GREhISFFNhTBBgnRTZdBbUik2FjXk5tkxIxtzVwjRZb/AX4GVlXbXRf8QP+mk5AFr7M6c84Z6Z6T5Epa8v1/3sLi0vLKau1DfW19Y/NjY2v70maFEdgRmcpMLwGLSqbYIUkKe7lB0InCbnL9dep3b9BYmaU/aJJjpGGUyqEUQE6KG/vhABUBD0egNVyV/cOoisvvcfkk8FFV8VMeqkFGNm40/ZY/A39LgjlpsjnaceMxHGSi0JiSUGBtP/BzikowJIXCqh4WFnMQ1zDCvqMpaLRROStV8d1hZjiNkc/ez7MlaGsnOnEZDTS2r72p+J7XL2h4EpUyzQvCVLiI84aF4pTx6TZ8IA0KUhNHQBjpruRiDAYEuQXrrn7wuuxbcnnQCo5a/sWX5tn5fIga+8x22B4L2DE7Y99Ym3WYYHfsgf1mf7xb79776f16ii548z+f2At4f/8D/iWb/g==</latexit>
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Conclusion

• We have found that factorization for the dijet and heavy meson production is 
consistent 

• Both cases 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 

• We are working on codes for the phenomenology of these processes
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Thank you for listening!


