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Introduction

Studying the collinear PDFs of nucleon

Probing the 3D tomography

Unraveling Spin-Orbit correlations

Understanding Hadronization Dynamics

Advancing Precision pQCD & Factorization
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Introduction
  σ = σ(0) + αsσ(1) + α2

s σ(2) + α3
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s σ(3) + …

Infrared subtraction is still a bottleneck 
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Introduction

Hadron colliders 
pp → H (inclusive and differential from 2015 to 2022).  
pp → H+j+j (VBF channel, differential from 2016 to 2018).  
pp → W/Z/γ* (inclusive and differential, from 2020 to 2023 ).  
pp → H+V (inclusive, 2022).  
pp → HH (inclusive and differential in EFT,  from 2019 to 2026). 
pp → γγ (differential, 2026).


Lepton colliders 
ee → h+X (inclusive, 2025) 
ee →top pair, (inclusive,  2024)  
ee → dijet  (differential, 2025).


DIS 
ep → e + jet + X (differential, 2018).  
ep → e + h + X (differential, this talk, 2026).

Modern frontier of precision QCD: N3LO calculations
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DIS 
ep → e + jet + X (differential, 2018).  
ep → e + h + X (differential, this talk, 2026).

Modern frontier of precision QCD: N3LO calculations

Chen, H.T.L., Shao, Wang, 1909.06808,  1912.13001  
Chen, Dai, H.T.L., Li, Shao, Wang, 2601.19990 
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Introduction

Automated calculation at NLO in QCD: FMNLO interfaced to MG5 aMC@NLO
Liu, Shen, Zhou, Gao, 2305.14620

NLO QCD corrections to jet production

NLO QCD corrections with fragmentation process

dipole subtraction, FKS subtraction, et al
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Introduction
For Hadron production in DIS

l(pl) + p(PN) → l(pl′ 
) + h(Ph) + X           x = Q2

2PN ⋅ q
y = PN ⋅ q

PN ⋅ pl
z = PN ⋅ Ph

PN ⋅ q

NNLO results for triple differential distribution over x, y, z 
<latexit sha1_base64="c1eG/6duGPzHTr+TcGSAhuoriCA="></latexit>
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Goyal, Moch, Pathak, et al, 2312.17711 
Bonino, Gehrmann, Stagnitto, 2401.16281

Neutrino-Nucleon Charged current scattering 

Inclusive analytical hard coefficients obtained at NNLO 

Bonino, Gehrmann, Lochner et al, 2504.05376
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Introduction

Semi-inclusive hadron production in longitudinally polarized DIS

NNLO QCD⊗QED corrections for unpolarized and polarized
Goyal, Lee, Moch, et al, 2510.18872

Bonino,Gehrmann, Lochner, Schonwald, 2404.08597, 2510.00100  
Goyal, Lee, Moch, et al, 2404.09959, 2412.19309NNLO analytical hard coefficients

Unraveling the Proton Spin Puzzle
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dẑ

ẑ
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polarized PDFs has been fitted by many groups, such as 
BDSSV24, JAMpol, NNPDFpol2.0 et al
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 subtraction for hadron productionqT

Catani, Grazzini, hep-ph/0703012 
  subtraction method induced in 2007qT

For example,  p1 + p2 → Higgs + X
cross section with 0 ∼ qT,h < qcut cross section with qT,h > qcut

Unresolved:  obtained from factorized cross 
section as convolutions TMD beam functions, soft 
functions, hard functions. 

Resolved: NNLO corrections to h+X 
requires NLO corrections to  Higgs +jet+X

Only successfully applied to colorless or massive final state

<latexit sha1_base64="BpRHuTA3f6blpZ0p91fpWvizbAw="></latexit>
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qT subtraction for hadron production
  subtraction method extension to hadron productionqT

Hadron  can be not used as resolution scale


To deal with IR singularities, we need to design slicing 
using the information at parton level


In Breit frame, if we cross the final state quark to initial 
state, it becomes Drell-Yan processes


A natural choice, is the transverse momentum of the 
virtual photon in the hadron frame


Equivalently, the final state parton’s   can be used 

qT

qT
Gao, H.T.L., Zhu, Zhu, 2602.06364initial state quark final state quark
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TMD factorization

all components ready up to three loops

fixed order calculation of h+jet 
production with one order lower
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<latexit sha1_base64="BHmjLJy8Ju/OMsh3zZG6KbhKSf0=">AAAB9XicbVDJSgNBEO1xjXGLevTSGARPYUbcjkEvHiOYBTJj6OmpSZr0LHTXKGHIf3jxoIhX/8Wbf2MnmYMmPih4vFdFVT0/lUKjbX9bS8srq2vrpY3y5tb2zm5lb7+lk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/vBm4rcfQWmRxPc4SsGLWD8WoeAMjfRA3QAkMuriAJD1KlW7Zk9BF4lTkCop0OhVvtwg4VkEMXLJtO46dopezhQKLmFcdjMNKeND1oeuoTGLQHv59OoxPTZKQMNEmYqRTtXfEzmLtB5FvumMGA70vDcR//O6GYZXXi7iNEOI+WxRmEmKCZ1EQAOhgKMcGcK4EuZWygdMMY4mqLIJwZl/eZG0TmvORe387qxavy7iKJFDckROiEMuSZ3ckgZpEk4UeSav5M16sl6sd+tj1rpkFTMH5A+szx/rw5Io</latexit>

�✓

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0 <latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="K76ziRgFNXK72n6FBlncYmzXafo=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqx6LevAiVOgXtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uZXVtfSO/Wdja3tndK+4fNHWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjdTv/VElWaRrJtxTH2BB5KFjGBjpce0qwSq399OUK9YcsvuDGiZeBkpQYZar/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aeziyfoxCp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE175KZNxYqgk80VhwpGJ0PR91GeKEsPHlmCimL0VkSFWmBgbUsGG4C2+vEyaZ2Xvolx5OC9Vr7M48nAEx3AKHlxCFe6gBg0gIOEZXuHN0c6L8+58zFtzTjZzCH/gfP4AolqQQA==</latexit>

TMD
<latexit sha1_base64="5T6qYXvjC0Y2O/Oh6Yu80WO6xAE=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUGIlzAjbsegF48RzAKZIfR0KkmTnoXumkAY8idePCji1T/x5t/YSeagiQ+KerxXRVe/IJFCo+N8W4W19Y3NreJ2aWd3b//APjxq6jhVHBo8lrFqB0yDFBE0UKCEdqKAhYGEVjC6n/mtMSgt4ugJJwn4IRtEoi84QyN1bbvi9UAiox4OwbTzrl12qs4cdJW4OSmTHPWu/eX1Yp6GECGXTOuO6yToZ0yh4BKmJS/VkDA+YgPoGBqxELSfzS+f0jOj9Gg/VqYipHP190bGQq0nYWAmQ4ZDvezNxP+8Tor9Wz8TUZIiRHzxUD+VFGM6i4H2hAKOcmII40qYWykfMsU4mrBKJgR3+curpHlRda+rV4+X5dpdHkeRnJBTUiEuuSE18kDqpEE4GZNn8krerMx6sd6tj8Vowcp3jskfWJ8/Mz+Svg==</latexit>

(�✓)

<latexit sha1_base64="sim7vJAgBV1I7wyfbPHyjP4eDyw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBosgCiURX8uiG5cV7AOaWG6mk3bsTBJmJmIJ/RU3LhRx64+482+ctllo9cCFwzn3cu89QcKZ0o7zZRUWFpeWV4qrpbX1jc0te7vcVHEqCW2QmMeyHYCinEW0oZnmtJ1ICiLgtBUMryZ+64FKxeLoVo8S6gvoRyxkBLSRunbZ64MQcHeIPR3jAT66x1274lSdKfBf4uakgnLUu/an14tJKmikCQelOq6TaD8DqRnhdFzyUkUTIEPo046hEQiq/Gx6+xjvG6WHw1iaijSeqj8nMhBKjURgOgXogZr3JuJ/XifV4YWfsShJNY3IbFGYcmzenASBe0xSovnIECCSmVsxGYAEok1cJROCO//yX9I8rrpn1dObk0rtMo+jiHbRHjpALjpHNXSN6qiBCHpET+gFvVpj69l6s95nrQUrn9lBv2B9fAPgqpMM</latexit>

�⇤ ! h+ j
<latexit sha1_base64="ASFdr0RD5IYgGmBPYvYPHgiDJko=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwfRCOYBmyXMTmaTITM7y8ysEJZ8hhcPinj1a7z5N06SPWhiQUNR1U13V5hwpo3rfjuFpeWV1bXiemljc2t7p7y719QyVYQ2iORStUOsKWcxbRhmOG0nimIRctoKh9cTv/VElWYyfjSjhAYC92MWMYKNlfwayjpKoLvb+3G3XHGr7hRokXg5qUCOerf81elJkgoaG8Kx1r7nJibIsDKMcDoudVJNE0yGuE99S2MsqA6y6cljdGSVHoqkshUbNFV/T2RYaD0Soe0U2Az0vDcR//P81ESXQcbiJDU0JrNFUcqRkWjyP+oxRYnhI0swUczeisgAK0yMTalkQ/DmX14kzZOqd149ezit1K7yOIpwAIdwDB5cQA1uoA4NICDhGV7hzTHOi/PufMxaC04+sw9/4Hz+AC7OkI4=</latexit>

@NLO

<latexit sha1_base64="pwOFU/0ktIvXiq6K55lmNUCUZao=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZi1lvUi8cEzALJEHo6PUmbnoXuHiGEfIEXD4p49ZO8+Tf2JCOo6IOCx3tVVNVzI86ksqwPI7O2vrG5ld3O7ezu7R/kD486MowFoW0S8lD0XCwpZwFtK6Y47UWCYt/ltOtOrxO/e0+FZGFwq2YRdXw8DpjHCFZaal0O8wXLrNfK1XoJWaa1REIqtcpFEdmpUoAUzWH+fTAKSezTQBGOpezbVqScORaKEU4XuUEsaYTJFI9pX9MA+1Q68+WhC3SmlRHyQqErUGipfp+YY1/Kme/qTh+rifztJeJfXj9WXs2ZsyCKFQ3IapEXc6RClHyNRkxQovhME0wE07ciMsECE6WzyekQvj5F/5NO0bQrZrlVKjSu0jiycAKncA42VKEBN9CENhCg8ABP8GzcGY/Gi/G6as0Y6cwx/IDx9gn3uI0S</latexit>

A
<latexit sha1_base64="dMquv62MXNCDHvKVPzokd7CbaRA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiB4GmZi1luIF48RzALJEHo6PUmTnoXuGiEM+QgvHhTx6vd482/sSUZQ0QcFj/eqqKrnRoIrsKwPI7exubW9k98t7O0fHB4Vj096KowlZV0ailAOXKKY4AHrAgfBBpFkxHcF67vz69Tv3zOpeBjcwSJijk+mAfc4JaCl/mhGIGkvx8WSZTYb1Xqzgi3TWiEltUbtqoztTCmhDJ1x8X00CWnsswCoIEoNbSsCJyESOBVsWRjFikWEzsmUDTUNiM+Uk6zOXeILrUywF0pdAeCV+n0iIb5SC9/VnT6BmfrtpeJf3jAGr+EkPIhiYAFdL/JigSHE6e94wiWjIBaaECq5vhXTGZGEgk6ooEP4+hT/T3pl066Z1dtKqdXO4sijM3SOLpGN6qiFblAHdRFFc/SAntCzERmPxovxum7NGdnMKfoB4+0TwwmP4A==</latexit>

B̂

<latexit sha1_base64="pwOFU/0ktIvXiq6K55lmNUCUZao=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZi1lvUi8cEzALJEHo6PUmbnoXuHiGEfIEXD4p49ZO8+Tf2JCOo6IOCx3tVVNVzI86ksqwPI7O2vrG5ld3O7ezu7R/kD486MowFoW0S8lD0XCwpZwFtK6Y47UWCYt/ltOtOrxO/e0+FZGFwq2YRdXw8DpjHCFZaal0O8wXLrNfK1XoJWaa1REIqtcpFEdmpUoAUzWH+fTAKSezTQBGOpezbVqScORaKEU4XuUEsaYTJFI9pX9MA+1Q68+WhC3SmlRHyQqErUGipfp+YY1/Kme/qTh+rifztJeJfXj9WXs2ZsyCKFQ3IapEXc6RClHyNRkxQovhME0wE07ciMsECE6WzyekQvj5F/5NO0bQrZrlVKjSu0jiycAKncA42VKEBN9CENhCg8ABP8GzcGY/Gi/G6as0Y6cwx/IDx9gn3uI0S</latexit>

A
<latexit sha1_base64="dMquv62MXNCDHvKVPzokd7CbaRA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiB4GmZi1luIF48RzALJEHo6PUmTnoXuGiEM+QgvHhTx6vd482/sSUZQ0QcFj/eqqKrnRoIrsKwPI7exubW9k98t7O0fHB4Vj096KowlZV0ailAOXKKY4AHrAgfBBpFkxHcF67vz69Tv3zOpeBjcwSJijk+mAfc4JaCl/mhGIGkvx8WSZTYb1Xqzgi3TWiEltUbtqoztTCmhDJ1x8X00CWnsswCoIEoNbSsCJyESOBVsWRjFikWEzsmUDTUNiM+Uk6zOXeILrUywF0pdAeCV+n0iIb5SC9/VnT6BmfrtpeJf3jAGr+EkPIhiYAFdL/JigSHE6e94wiWjIBaaECq5vhXTGZGEgk6ooEP4+hT/T3pl066Z1dtKqdXO4sijM3SOLpGN6qiFblAHdRFFc/SAntCzERmPxovxum7NGdnMKfoB4+0TwwmP4A==</latexit>

B̂

Gao, H.T.L., Zhu, Zhu, 2602.06364

A new method was proposed to calculation 
fully differential SIDIS cross sections 

 subtraction for hadron productionqT
<latexit sha1_base64="BpRHuTA3f6blpZ0p91fpWvizbAw="></latexit>

d�

dO
=

Z qT,cut

0
dqT

d�

dqT dO
+

Z qT,max

qT,cut

dqT
d�

dqT dO

δθ ∝ qT
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<latexit sha1_base64="MMo4+TBviPK43IHE2+LRhw2+BJY=">AAACDHicbVDLSgMxFM3UV62vqks3wSK40DojvjZC0Y3LCvYBbRky6Z02NPMwyRTqMB/gxl9x40IRt36AO//GdDoLbT0QODnnXJJ7nJAzqUzz28jNzS8sLuWXCyura+sbxc2tugwiQaFGAx6IpkMkcOZDTTHFoRkKIJ7DoeEMrsd+YwhCssC/U6MQOh7p+cxllCgt2cVSewg0vk/sdggixJeH6b2a2HEqHPSTowedMstmCjxLrIyUUIaqXfxqdwMaeeAryomULcsMVScmQjHKISm0IwkhoQPSg5amPvFAduJ0mQTvaaWL3UDo4yucqr8nYuJJOfIcnfSI6stpbyz+57Ui5V50YuaHkQKfTh5yI45VgMfN4C4TQBUfaUKoYPqvmPaJIFTp/gq6BGt65VlSPy5bZ+XT25NS5SqrI4920C7aRxY6RxV0g6qohih6RM/oFb0ZT8aL8W58TKI5I5vZRn9gfP4ABMWbmw==</latexit>

~q? = �~P?,h/z

p〰
<latexit sha1_base64="B8BR/1RkL4VidxIV/kAtnylaENI=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoMgHsKuSPQY9OIxgnlAEkPvZDYZMjO7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgFqypmkdcMMp61YURQBp81gdDP1m09UaRbJezOOaVfgQLKQETRWanUGKAQ+nPWKJa/szeAuEz8jJchQ6xW/Ov2IJIJKQzhq3fa92HRTVIYRTieFTqJpjGSEA9q2VKKgupvO7p24J1bpu2GkbEnjztTfEykKrccisJ0CzVAvelPxP6+dmPCqmzIZJ4ZKMl8UJtw1kTt93u0zRYnhY0uQKGZvdckQFRJjIyrYEPzFl5dJ47zsV8qVu4tS9TqLIw9HcAyn4MMlVOEWalAHAhye4RXenEfnxXl3PuatOSebOYQ/cD5/AKemj7w=</latexit>

ω→
<latexit sha1_base64="BRy4258soj60uT5Ud0MrDsO/Pww=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQbBKSWaEs/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMv1oJb8P0vr7S2vrG5Vd6u7Ozu7R9UD486VmWGsjZVQpleTCwTXLI2cBCspw0jaSxYN57czv3uIzOWK/kAU82ilIwkTzgl4KQwD02KtVGg5GxQrfl1fwH8lwQFqaECrUH1MxwqmqVMAhXE2n7ga4hyYoBTwWaVMLNMEzohI9Z3VJKU2Shf3DzDZ04Z4kQZVxLwQv05kZPU2mkau86UwNiuenPxP6+fQXId5VzqDJiky0VJJjAoPA8AD7lhFMTUEUINd7diOiaGUHAxVVwIwerLf0nnoh406o37y1rzpoijjE7QKTpHAbpCTXSHWqiNKNLoCb2gVy/znr03733ZWvKKmWP0C97HN2hpkfI=</latexit>

proton

<latexit sha1_base64="1tbvSt7R/fSl5fLb6aHdciiBycM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAdklzA7O0mGzGOZmRXCkt/w4kERr/6MN//GSbIHjRY0FFXddHfFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvxoZyJmnbMstpL9UUi5jTbjy5nfvdR6oNU/LBTlMaCTySbMgItk4K81ALNMaJVnI2qNb8ur8A+kuCgtSgQGtQ/QwTRTJBpSUcG9MP/NRGOdaWEU5nlTAzNMVkgke076jEgpooX9w8Q2dOSdBQaVfSooX6cyLHwpipiF2nwHZsVr25+J/Xz+zwOsqZTDNLJVkuGmYcWYXmAaCEaUosnzqCiWbuVkTGWGNiXUwVF0Kw+vJf0rmoB4164/6y1rwp4ijDCZzCOQRwBU24gxa0gUAKT/ACr17mPXtv3vuyteQVM8fwC97HNy4akcw=</latexit>

hadron

<latexit sha1_base64="Lj3lxZqlzB5X3ONNTl7ALXBIeO0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJppg3NY0gyQhn6F25cKOLWv3Hn35i2s9DWA4HDOeeSe0+UcGas7397hZXVtfWN4mZpa3tnd6+8f9A0KtWENojiSrcjbChnkjYss5y2E02xiDhtRaPbqd96otowJR/sOKGhwAPJYkawddJj1tUCRS4/6ZUrftWfAS2TICcVyFHvlb+6fUVSQaUlHBvTCfzEhhnWlhFOJ6VuamiCyQgPaMdRiQU1YTbbeIJOnNJHsdLuSYtm6u+JDAtjxiJySYHt0Cx6U/E/r5Pa+DrMmExSSyWZfxSnHFmFpuejPtOUWD52BBPN3K6IDLHGxLqSSq6EYPHkZdI8qwaX1Yv780rtJq+jCEdwDKcQwBXU4A7q0AACEp7hFd484714797HPFrw8plD+APv8wd9U5DQ</latexit>

beam

<latexit sha1_base64="BHmjLJy8Ju/OMsh3zZG6KbhKSf0=">AAAB9XicbVDJSgNBEO1xjXGLevTSGARPYUbcjkEvHiOYBTJj6OmpSZr0LHTXKGHIf3jxoIhX/8Wbf2MnmYMmPih4vFdFVT0/lUKjbX9bS8srq2vrpY3y5tb2zm5lb7+lk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/vBm4rcfQWmRxPc4SsGLWD8WoeAMjfRA3QAkMuriAJD1KlW7Zk9BF4lTkCop0OhVvtwg4VkEMXLJtO46dopezhQKLmFcdjMNKeND1oeuoTGLQHv59OoxPTZKQMNEmYqRTtXfEzmLtB5FvumMGA70vDcR//O6GYZXXi7iNEOI+WxRmEmKCZ1EQAOhgKMcGcK4EuZWygdMMY4mqLIJwZl/eZG0TmvORe387qxavy7iKJFDckROiEMuSZ3ckgZpEk4UeSav5M16sl6sd+tj1rpkFTMH5A+szx/rw5Io</latexit>

�✓
<latexit sha1_base64="oZuJhWpGT8149A1Mt8M8dFiDBbo=">AAAB7nicdVDLSgMxFM34rPVVdekmWAQXMszUPndFNy4r9AXtUDJppg3NZEKSEcrQj3DjQhG3fo87/8ZMO4KKHrhwOOde7r3HF4wq7Tgf1tr6xubWdm4nv7u3f3BYODruqiiWmHRwxCLZ95EijHLS0VQz0heSoNBnpOfPblK/d0+kohFv67kgXogmnAYUI22knhgl7cvpYlQoOnajXqk1ytCxnSVSUq1Xr0rQzZQiyNAaFd6H4wjHIeEaM6TUwHWE9hIkNcWMLPLDWBGB8AxNyMBQjkKivGR57gKeG2UMg0ia4hou1e8TCQqVmoe+6QyRnqrfXir+5Q1iHdS9hHIRa8LxalEQM6gjmP4Ox1QSrNncEIQlNbdCPEUSYW0SypsQvj6F/5NuyXarduWuXGxeZ3HkwCk4AxfABTXQBLegBToAgxl4AE/g2RLWo/Viva5a16xs5gT8gPX2CYxUj7w=</latexit>pT,h

<latexit sha1_base64="BHmjLJy8Ju/OMsh3zZG6KbhKSf0=">AAAB9XicbVDJSgNBEO1xjXGLevTSGARPYUbcjkEvHiOYBTJj6OmpSZr0LHTXKGHIf3jxoIhX/8Wbf2MnmYMmPih4vFdFVT0/lUKjbX9bS8srq2vrpY3y5tb2zm5lb7+lk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/vBm4rcfQWmRxPc4SsGLWD8WoeAMjfRA3QAkMuriAJD1KlW7Zk9BF4lTkCop0OhVvtwg4VkEMXLJtO46dopezhQKLmFcdjMNKeND1oeuoTGLQHv59OoxPTZKQMNEmYqRTtXfEzmLtB5FvumMGA70vDcR//O6GYZXXi7iNEOI+WxRmEmKCZ1EQAOhgKMcGcK4EuZWygdMMY4mqLIJwZl/eZG0TmvORe387qxavy7iKJFDckROiEMuSZ3ckgZpEk4UeSav5M16sl6sd+tj1rpkFTMH5A+szx/rw5Io</latexit>

�✓

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0 <latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="K76ziRgFNXK72n6FBlncYmzXafo=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqx6LevAiVOgXtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uZXVtfSO/Wdja3tndK+4fNHWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjdTv/VElWaRrJtxTH2BB5KFjGBjpce0qwSq399OUK9YcsvuDGiZeBkpQYZar/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aeziyfoxCp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE175KZNxYqgk80VhwpGJ0PR91GeKEsPHlmCimL0VkSFWmBgbUsGG4C2+vEyaZ2Xvolx5OC9Vr7M48nAEx3AKHlxCFe6gBg0gIOEZXuHN0c6L8+58zFtzTjZzCH/gfP4AolqQQA==</latexit>

TMD
<latexit sha1_base64="5T6qYXvjC0Y2O/Oh6Yu80WO6xAE=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUGIlzAjbsegF48RzAKZIfR0KkmTnoXumkAY8idePCji1T/x5t/YSeagiQ+KerxXRVe/IJFCo+N8W4W19Y3NreJ2aWd3b//APjxq6jhVHBo8lrFqB0yDFBE0UKCEdqKAhYGEVjC6n/mtMSgt4ugJJwn4IRtEoi84QyN1bbvi9UAiox4OwbTzrl12qs4cdJW4OSmTHPWu/eX1Yp6GECGXTOuO6yToZ0yh4BKmJS/VkDA+YgPoGBqxELSfzS+f0jOj9Gg/VqYipHP190bGQq0nYWAmQ4ZDvezNxP+8Tor9Wz8TUZIiRHzxUD+VFGM6i4H2hAKOcmII40qYWykfMsU4mrBKJgR3+curpHlRda+rV4+X5dpdHkeRnJBTUiEuuSE18kDqpEE4GZNn8krerMx6sd6tj8Vowcp3jskfWJ8/Mz+Svg==</latexit>

(�✓)

<latexit sha1_base64="sim7vJAgBV1I7wyfbPHyjP4eDyw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBosgCiURX8uiG5cV7AOaWG6mk3bsTBJmJmIJ/RU3LhRx64+482+ctllo9cCFwzn3cu89QcKZ0o7zZRUWFpeWV4qrpbX1jc0te7vcVHEqCW2QmMeyHYCinEW0oZnmtJ1ICiLgtBUMryZ+64FKxeLoVo8S6gvoRyxkBLSRunbZ64MQcHeIPR3jAT66x1274lSdKfBf4uakgnLUu/an14tJKmikCQelOq6TaD8DqRnhdFzyUkUTIEPo046hEQiq/Gx6+xjvG6WHw1iaijSeqj8nMhBKjURgOgXogZr3JuJ/XifV4YWfsShJNY3IbFGYcmzenASBe0xSovnIECCSmVsxGYAEok1cJROCO//yX9I8rrpn1dObk0rtMo+jiHbRHjpALjpHNXSN6qiBCHpET+gFvVpj69l6s95nrQUrn9lBv2B9fAPgqpMM</latexit>

�⇤ ! h+ j
<latexit sha1_base64="ASFdr0RD5IYgGmBPYvYPHgiDJko=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwfRCOYBmyXMTmaTITM7y8ysEJZ8hhcPinj1a7z5N06SPWhiQUNR1U13V5hwpo3rfjuFpeWV1bXiemljc2t7p7y719QyVYQ2iORStUOsKWcxbRhmOG0nimIRctoKh9cTv/VElWYyfjSjhAYC92MWMYKNlfwayjpKoLvb+3G3XHGr7hRokXg5qUCOerf81elJkgoaG8Kx1r7nJibIsDKMcDoudVJNE0yGuE99S2MsqA6y6cljdGSVHoqkshUbNFV/T2RYaD0Soe0U2Az0vDcR//P81ESXQcbiJDU0JrNFUcqRkWjyP+oxRYnhI0swUczeisgAK0yMTalkQ/DmX14kzZOqd149ezit1K7yOIpwAIdwDB5cQA1uoA4NICDhGV7hzTHOi/PufMxaC04+sw9/4Hz+AC7OkI4=</latexit>

@NLO

<latexit sha1_base64="pwOFU/0ktIvXiq6K55lmNUCUZao=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZi1lvUi8cEzALJEHo6PUmbnoXuHiGEfIEXD4p49ZO8+Tf2JCOo6IOCx3tVVNVzI86ksqwPI7O2vrG5ld3O7ezu7R/kD486MowFoW0S8lD0XCwpZwFtK6Y47UWCYt/ltOtOrxO/e0+FZGFwq2YRdXw8DpjHCFZaal0O8wXLrNfK1XoJWaa1REIqtcpFEdmpUoAUzWH+fTAKSezTQBGOpezbVqScORaKEU4XuUEsaYTJFI9pX9MA+1Q68+WhC3SmlRHyQqErUGipfp+YY1/Kme/qTh+rifztJeJfXj9WXs2ZsyCKFQ3IapEXc6RClHyNRkxQovhME0wE07ciMsECE6WzyekQvj5F/5NO0bQrZrlVKjSu0jiycAKncA42VKEBN9CENhCg8ABP8GzcGY/Gi/G6as0Y6cwx/IDx9gn3uI0S</latexit>

A
<latexit sha1_base64="dMquv62MXNCDHvKVPzokd7CbaRA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiB4GmZi1luIF48RzALJEHo6PUmTnoXuGiEM+QgvHhTx6vd482/sSUZQ0QcFj/eqqKrnRoIrsKwPI7exubW9k98t7O0fHB4Vj096KowlZV0ailAOXKKY4AHrAgfBBpFkxHcF67vz69Tv3zOpeBjcwSJijk+mAfc4JaCl/mhGIGkvx8WSZTYb1Xqzgi3TWiEltUbtqoztTCmhDJ1x8X00CWnsswCoIEoNbSsCJyESOBVsWRjFikWEzsmUDTUNiM+Uk6zOXeILrUywF0pdAeCV+n0iIb5SC9/VnT6BmfrtpeJf3jAGr+EkPIhiYAFdL/JigSHE6e94wiWjIBaaECq5vhXTGZGEgk6ooEP4+hT/T3pl066Z1dtKqdXO4sijM3SOLpGN6qiFblAHdRFFc/SAntCzERmPxovxum7NGdnMKfoB4+0TwwmP4A==</latexit>

B̂

 subtraction for hadron productionqT
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<latexit sha1_base64="MMo4+TBviPK43IHE2+LRhw2+BJY=">AAACDHicbVDLSgMxFM3UV62vqks3wSK40DojvjZC0Y3LCvYBbRky6Z02NPMwyRTqMB/gxl9x40IRt36AO//GdDoLbT0QODnnXJJ7nJAzqUzz28jNzS8sLuWXCyura+sbxc2tugwiQaFGAx6IpkMkcOZDTTHFoRkKIJ7DoeEMrsd+YwhCssC/U6MQOh7p+cxllCgt2cVSewg0vk/sdggixJeH6b2a2HEqHPSTowedMstmCjxLrIyUUIaqXfxqdwMaeeAryomULcsMVScmQjHKISm0IwkhoQPSg5amPvFAduJ0mQTvaaWL3UDo4yucqr8nYuJJOfIcnfSI6stpbyz+57Ui5V50YuaHkQKfTh5yI45VgMfN4C4TQBUfaUKoYPqvmPaJIFTp/gq6BGt65VlSPy5bZ+XT25NS5SqrI4920C7aRxY6RxV0g6qohih6RM/oFb0ZT8aL8W58TKI5I5vZRn9gfP4ABMWbmw==</latexit>

~q? = �~P?,h/z

p〰
<latexit sha1_base64="B8BR/1RkL4VidxIV/kAtnylaENI=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoMgHsKuSPQY9OIxgnlAEkPvZDYZMjO7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgFqypmkdcMMp61YURQBp81gdDP1m09UaRbJezOOaVfgQLKQETRWanUGKAQ+nPWKJa/szeAuEz8jJchQ6xW/Ov2IJIJKQzhq3fa92HRTVIYRTieFTqJpjGSEA9q2VKKgupvO7p24J1bpu2GkbEnjztTfEykKrccisJ0CzVAvelPxP6+dmPCqmzIZJ4ZKMl8UJtw1kTt93u0zRYnhY0uQKGZvdckQFRJjIyrYEPzFl5dJ47zsV8qVu4tS9TqLIw9HcAyn4MMlVOEWalAHAhye4RXenEfnxXl3PuatOSebOYQ/cD5/AKemj7w=</latexit>

ω→
<latexit sha1_base64="BRy4258soj60uT5Ud0MrDsO/Pww=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQbBKSWaEs/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMv1oJb8P0vr7S2vrG5Vd6u7Ozu7R9UD486VmWGsjZVQpleTCwTXLI2cBCspw0jaSxYN57czv3uIzOWK/kAU82ilIwkTzgl4KQwD02KtVGg5GxQrfl1fwH8lwQFqaECrUH1MxwqmqVMAhXE2n7ga4hyYoBTwWaVMLNMEzohI9Z3VJKU2Shf3DzDZ04Z4kQZVxLwQv05kZPU2mkau86UwNiuenPxP6+fQXId5VzqDJiky0VJJjAoPA8AD7lhFMTUEUINd7diOiaGUHAxVVwIwerLf0nnoh406o37y1rzpoijjE7QKTpHAbpCTXSHWqiNKNLoCb2gVy/znr03733ZWvKKmWP0C97HN2hpkfI=</latexit>

proton

<latexit sha1_base64="1tbvSt7R/fSl5fLb6aHdciiBycM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAdklzA7O0mGzGOZmRXCkt/w4kERr/6MN//GSbIHjRY0FFXddHfFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvxoZyJmnbMstpL9UUi5jTbjy5nfvdR6oNU/LBTlMaCTySbMgItk4K81ALNMaJVnI2qNb8ur8A+kuCgtSgQGtQ/QwTRTJBpSUcG9MP/NRGOdaWEU5nlTAzNMVkgke076jEgpooX9w8Q2dOSdBQaVfSooX6cyLHwpipiF2nwHZsVr25+J/Xz+zwOsqZTDNLJVkuGmYcWYXmAaCEaUosnzqCiWbuVkTGWGNiXUwVF0Kw+vJf0rmoB4164/6y1rwp4ijDCZzCOQRwBU24gxa0gUAKT/ACr17mPXtv3vuyteQVM8fwC97HNy4akcw=</latexit>

hadron

<latexit sha1_base64="Lj3lxZqlzB5X3ONNTl7ALXBIeO0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJppg3NY0gyQhn6F25cKOLWv3Hn35i2s9DWA4HDOeeSe0+UcGas7397hZXVtfWN4mZpa3tnd6+8f9A0KtWENojiSrcjbChnkjYss5y2E02xiDhtRaPbqd96otowJR/sOKGhwAPJYkawddJj1tUCRS4/6ZUrftWfAS2TICcVyFHvlb+6fUVSQaUlHBvTCfzEhhnWlhFOJ6VuamiCyQgPaMdRiQU1YTbbeIJOnNJHsdLuSYtm6u+JDAtjxiJySYHt0Cx6U/E/r5Pa+DrMmExSSyWZfxSnHFmFpuejPtOUWD52BBPN3K6IDLHGxLqSSq6EYPHkZdI8qwaX1Yv780rtJq+jCEdwDKcQwBXU4A7q0AACEp7hFd484714797HPFrw8plD+APv8wd9U5DQ</latexit>

beam

<latexit sha1_base64="BHmjLJy8Ju/OMsh3zZG6KbhKSf0=">AAAB9XicbVDJSgNBEO1xjXGLevTSGARPYUbcjkEvHiOYBTJj6OmpSZr0LHTXKGHIf3jxoIhX/8Wbf2MnmYMmPih4vFdFVT0/lUKjbX9bS8srq2vrpY3y5tb2zm5lb7+lk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/vBm4rcfQWmRxPc4SsGLWD8WoeAMjfRA3QAkMuriAJD1KlW7Zk9BF4lTkCop0OhVvtwg4VkEMXLJtO46dopezhQKLmFcdjMNKeND1oeuoTGLQHv59OoxPTZKQMNEmYqRTtXfEzmLtB5FvumMGA70vDcR//O6GYZXXi7iNEOI+WxRmEmKCZ1EQAOhgKMcGcK4EuZWygdMMY4mqLIJwZl/eZG0TmvORe387qxavy7iKJFDckROiEMuSZ3ckgZpEk4UeSav5M16sl6sd+tj1rpkFTMH5A+szx/rw5Io</latexit>

�✓
<latexit sha1_base64="oZuJhWpGT8149A1Mt8M8dFiDBbo=">AAAB7nicdVDLSgMxFM34rPVVdekmWAQXMszUPndFNy4r9AXtUDJppg3NZEKSEcrQj3DjQhG3fo87/8ZMO4KKHrhwOOde7r3HF4wq7Tgf1tr6xubWdm4nv7u3f3BYODruqiiWmHRwxCLZ95EijHLS0VQz0heSoNBnpOfPblK/d0+kohFv67kgXogmnAYUI22knhgl7cvpYlQoOnajXqk1ytCxnSVSUq1Xr0rQzZQiyNAaFd6H4wjHIeEaM6TUwHWE9hIkNcWMLPLDWBGB8AxNyMBQjkKivGR57gKeG2UMg0ia4hou1e8TCQqVmoe+6QyRnqrfXir+5Q1iHdS9hHIRa8LxalEQM6gjmP4Ox1QSrNncEIQlNbdCPEUSYW0SypsQvj6F/5NuyXarduWuXGxeZ3HkwCk4AxfABTXQBLegBToAgxl4AE/g2RLWo/Viva5a16xs5gT8gPX2CYxUj7w=</latexit>pT,h

<latexit sha1_base64="BHmjLJy8Ju/OMsh3zZG6KbhKSf0=">AAAB9XicbVDJSgNBEO1xjXGLevTSGARPYUbcjkEvHiOYBTJj6OmpSZr0LHTXKGHIf3jxoIhX/8Wbf2MnmYMmPih4vFdFVT0/lUKjbX9bS8srq2vrpY3y5tb2zm5lb7+lk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/vBm4rcfQWmRxPc4SsGLWD8WoeAMjfRA3QAkMuriAJD1KlW7Zk9BF4lTkCop0OhVvtwg4VkEMXLJtO46dopezhQKLmFcdjMNKeND1oeuoTGLQHv59OoxPTZKQMNEmYqRTtXfEzmLtB5FvumMGA70vDcR//O6GYZXXi7iNEOI+WxRmEmKCZ1EQAOhgKMcGcK4EuZWygdMMY4mqLIJwZl/eZG0TmvORe387qxavy7iKJFDckROiEMuSZ3ckgZpEk4UeSav5M16sl6sd+tj1rpkFTMH5A+szx/rw5Io</latexit>

�✓

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0 <latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="K76ziRgFNXK72n6FBlncYmzXafo=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqx6LevAiVOgXtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uZXVtfSO/Wdja3tndK+4fNHWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjdTv/VElWaRrJtxTH2BB5KFjGBjpce0qwSq399OUK9YcsvuDGiZeBkpQYZar/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aeziyfoxCp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE175KZNxYqgk80VhwpGJ0PR91GeKEsPHlmCimL0VkSFWmBgbUsGG4C2+vEyaZ2Xvolx5OC9Vr7M48nAEx3AKHlxCFe6gBg0gIOEZXuHN0c6L8+58zFtzTjZzCH/gfP4AolqQQA==</latexit>

TMD
<latexit sha1_base64="5T6qYXvjC0Y2O/Oh6Yu80WO6xAE=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUGIlzAjbsegF48RzAKZIfR0KkmTnoXumkAY8idePCji1T/x5t/YSeagiQ+KerxXRVe/IJFCo+N8W4W19Y3NreJ2aWd3b//APjxq6jhVHBo8lrFqB0yDFBE0UKCEdqKAhYGEVjC6n/mtMSgt4ugJJwn4IRtEoi84QyN1bbvi9UAiox4OwbTzrl12qs4cdJW4OSmTHPWu/eX1Yp6GECGXTOuO6yToZ0yh4BKmJS/VkDA+YgPoGBqxELSfzS+f0jOj9Gg/VqYipHP190bGQq0nYWAmQ4ZDvezNxP+8Tor9Wz8TUZIiRHzxUD+VFGM6i4H2hAKOcmII40qYWykfMsU4mrBKJgR3+curpHlRda+rV4+X5dpdHkeRnJBTUiEuuSE18kDqpEE4GZNn8krerMx6sd6tj8Vowcp3jskfWJ8/Mz+Svg==</latexit>

(�✓)

<latexit sha1_base64="sim7vJAgBV1I7wyfbPHyjP4eDyw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBosgCiURX8uiG5cV7AOaWG6mk3bsTBJmJmIJ/RU3LhRx64+482+ctllo9cCFwzn3cu89QcKZ0o7zZRUWFpeWV4qrpbX1jc0te7vcVHEqCW2QmMeyHYCinEW0oZnmtJ1ICiLgtBUMryZ+64FKxeLoVo8S6gvoRyxkBLSRunbZ64MQcHeIPR3jAT66x1274lSdKfBf4uakgnLUu/an14tJKmikCQelOq6TaD8DqRnhdFzyUkUTIEPo046hEQiq/Gx6+xjvG6WHw1iaijSeqj8nMhBKjURgOgXogZr3JuJ/XifV4YWfsShJNY3IbFGYcmzenASBe0xSovnIECCSmVsxGYAEok1cJROCO//yX9I8rrpn1dObk0rtMo+jiHbRHjpALjpHNXSN6qiBCHpET+gFvVpj69l6s95nrQUrn9lBv2B9fAPgqpMM</latexit>

�⇤ ! h+ j
<latexit sha1_base64="ASFdr0RD5IYgGmBPYvYPHgiDJko=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwfRCOYBmyXMTmaTITM7y8ysEJZ8hhcPinj1a7z5N06SPWhiQUNR1U13V5hwpo3rfjuFpeWV1bXiemljc2t7p7y719QyVYQ2iORStUOsKWcxbRhmOG0nimIRctoKh9cTv/VElWYyfjSjhAYC92MWMYKNlfwayjpKoLvb+3G3XHGr7hRokXg5qUCOerf81elJkgoaG8Kx1r7nJibIsDKMcDoudVJNE0yGuE99S2MsqA6y6cljdGSVHoqkshUbNFV/T2RYaD0Soe0U2Az0vDcR//P81ESXQcbiJDU0JrNFUcqRkWjyP+oxRYnhI0swUczeisgAK0yMTalkQ/DmX14kzZOqd149ezit1K7yOIpwAIdwDB5cQA1uoA4NICDhGV7hzTHOi/PufMxaC04+sw9/4Hz+AC7OkI4=</latexit>

@NLO

<latexit sha1_base64="pwOFU/0ktIvXiq6K55lmNUCUZao=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZi1lvUi8cEzALJEHo6PUmbnoXuHiGEfIEXD4p49ZO8+Tf2JCOo6IOCx3tVVNVzI86ksqwPI7O2vrG5ld3O7ezu7R/kD486MowFoW0S8lD0XCwpZwFtK6Y47UWCYt/ltOtOrxO/e0+FZGFwq2YRdXw8DpjHCFZaal0O8wXLrNfK1XoJWaa1REIqtcpFEdmpUoAUzWH+fTAKSezTQBGOpezbVqScORaKEU4XuUEsaYTJFI9pX9MA+1Q68+WhC3SmlRHyQqErUGipfp+YY1/Kme/qTh+rifztJeJfXj9WXs2ZsyCKFQ3IapEXc6RClHyNRkxQovhME0wE07ciMsECE6WzyekQvj5F/5NO0bQrZrlVKjSu0jiycAKncA42VKEBN9CENhCg8ABP8GzcGY/Gi/G6as0Y6cwx/IDx9gn3uI0S</latexit>

A
<latexit sha1_base64="dMquv62MXNCDHvKVPzokd7CbaRA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiB4GmZi1luIF48RzALJEHo6PUmTnoXuGiEM+QgvHhTx6vd482/sSUZQ0QcFj/eqqKrnRoIrsKwPI7exubW9k98t7O0fHB4Vj096KowlZV0ailAOXKKY4AHrAgfBBpFkxHcF67vz69Tv3zOpeBjcwSJijk+mAfc4JaCl/mhGIGkvx8WSZTYb1Xqzgi3TWiEltUbtqoztTCmhDJ1x8X00CWnsswCoIEoNbSsCJyESOBVsWRjFikWEzsmUDTUNiM+Uk6zOXeILrUywF0pdAeCV+n0iIb5SC9/VnT6BmfrtpeJf3jAGr+EkPIhiYAFdL/JigSHE6e94wiWjIBaaECq5vhXTGZGEgk6ooEP4+hT/T3pl066Z1dtKqdXO4sijM3SOLpGN6qiFblAHdRFFc/SAntCzERmPxovxum7NGdnMKfoB4+0TwwmP4A==</latexit>

B̂

 subtraction for hadron productionqT

SIDIS@NNLO

Hard function


TMD beam function


Soft function

Baikov,Chetyrkin,Smirnov,Smirnov,Steinhauser, 0902.3519 
Lee, Smirnov, Smirnov, 1001.2887 
Gehrmann, Glover, Huber, Ikizlerli, Studerus,  1004.3653

Luo, Yang, Zhu, Zhu,  1912.05778 
Luo, Yang, Zhu, Zhu,  2012.03256 
Ebert, Mistlberger, Vita,  2006.05329

Li, Zhu,  1604.01404 
Zhu,  2009.08919
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<latexit sha1_base64="MMo4+TBviPK43IHE2+LRhw2+BJY=">AAACDHicbVDLSgMxFM3UV62vqks3wSK40DojvjZC0Y3LCvYBbRky6Z02NPMwyRTqMB/gxl9x40IRt36AO//GdDoLbT0QODnnXJJ7nJAzqUzz28jNzS8sLuWXCyura+sbxc2tugwiQaFGAx6IpkMkcOZDTTHFoRkKIJ7DoeEMrsd+YwhCssC/U6MQOh7p+cxllCgt2cVSewg0vk/sdggixJeH6b2a2HEqHPSTowedMstmCjxLrIyUUIaqXfxqdwMaeeAryomULcsMVScmQjHKISm0IwkhoQPSg5amPvFAduJ0mQTvaaWL3UDo4yucqr8nYuJJOfIcnfSI6stpbyz+57Ui5V50YuaHkQKfTh5yI45VgMfN4C4TQBUfaUKoYPqvmPaJIFTp/gq6BGt65VlSPy5bZ+XT25NS5SqrI4920C7aRxY6RxV0g6qohih6RM/oFb0ZT8aL8W58TKI5I5vZRn9gfP4ABMWbmw==</latexit>

~q? = �~P?,h/z

p〰
<latexit sha1_base64="B8BR/1RkL4VidxIV/kAtnylaENI=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoMgHsKuSPQY9OIxgnlAEkPvZDYZMjO7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgFqypmkdcMMp61YURQBp81gdDP1m09UaRbJezOOaVfgQLKQETRWanUGKAQ+nPWKJa/szeAuEz8jJchQ6xW/Ov2IJIJKQzhq3fa92HRTVIYRTieFTqJpjGSEA9q2VKKgupvO7p24J1bpu2GkbEnjztTfEykKrccisJ0CzVAvelPxP6+dmPCqmzIZJ4ZKMl8UJtw1kTt93u0zRYnhY0uQKGZvdckQFRJjIyrYEPzFl5dJ47zsV8qVu4tS9TqLIw9HcAyn4MMlVOEWalAHAhye4RXenEfnxXl3PuatOSebOYQ/cD5/AKemj7w=</latexit>

ω→
<latexit sha1_base64="BRy4258soj60uT5Ud0MrDsO/Pww=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/oLiWbZtvQbBKSWaEs/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMv1oJb8P0vr7S2vrG5Vd6u7Ozu7R9UD486VmWGsjZVQpleTCwTXLI2cBCspw0jaSxYN57czv3uIzOWK/kAU82ilIwkTzgl4KQwD02KtVGg5GxQrfl1fwH8lwQFqaECrUH1MxwqmqVMAhXE2n7ga4hyYoBTwWaVMLNMEzohI9Z3VJKU2Shf3DzDZ04Z4kQZVxLwQv05kZPU2mkau86UwNiuenPxP6+fQXId5VzqDJiky0VJJjAoPA8AD7lhFMTUEUINd7diOiaGUHAxVVwIwerLf0nnoh406o37y1rzpoijjE7QKTpHAbpCTXSHWqiNKNLoCb2gVy/znr03733ZWvKKmWP0C97HN2hpkfI=</latexit>

proton

<latexit sha1_base64="1tbvSt7R/fSl5fLb6aHdciiBycM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAdklzA7O0mGzGOZmRXCkt/w4kERr/6MN//GSbIHjRY0FFXddHfFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvxoZyJmnbMstpL9UUi5jTbjy5nfvdR6oNU/LBTlMaCTySbMgItk4K81ALNMaJVnI2qNb8ur8A+kuCgtSgQGtQ/QwTRTJBpSUcG9MP/NRGOdaWEU5nlTAzNMVkgke076jEgpooX9w8Q2dOSdBQaVfSooX6cyLHwpipiF2nwHZsVr25+J/Xz+zwOsqZTDNLJVkuGmYcWYXmAaCEaUosnzqCiWbuVkTGWGNiXUwVF0Kw+vJf0rmoB4164/6y1rwp4ijDCZzCOQRwBU24gxa0gUAKT/ACr17mPXtv3vuyteQVM8fwC97HNy4akcw=</latexit>

hadron

<latexit sha1_base64="Lj3lxZqlzB5X3ONNTl7ALXBIeO0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJppg3NY0gyQhn6F25cKOLWv3Hn35i2s9DWA4HDOeeSe0+UcGas7397hZXVtfWN4mZpa3tnd6+8f9A0KtWENojiSrcjbChnkjYss5y2E02xiDhtRaPbqd96otowJR/sOKGhwAPJYkawddJj1tUCRS4/6ZUrftWfAS2TICcVyFHvlb+6fUVSQaUlHBvTCfzEhhnWlhFOJ6VuamiCyQgPaMdRiQU1YTbbeIJOnNJHsdLuSYtm6u+JDAtjxiJySYHt0Cx6U/E/r5Pa+DrMmExSSyWZfxSnHFmFpuejPtOUWD52BBPN3K6IDLHGxLqSSq6EYPHkZdI8qwaX1Yv780rtJq+jCEdwDKcQwBXU4A7q0AACEp7hFd484714797HPFrw8plD+APv8wd9U5DQ</latexit>

beam

<latexit sha1_base64="BHmjLJy8Ju/OMsh3zZG6KbhKSf0=">AAAB9XicbVDJSgNBEO1xjXGLevTSGARPYUbcjkEvHiOYBTJj6OmpSZr0LHTXKGHIf3jxoIhX/8Wbf2MnmYMmPih4vFdFVT0/lUKjbX9bS8srq2vrpY3y5tb2zm5lb7+lk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/vBm4rcfQWmRxPc4SsGLWD8WoeAMjfRA3QAkMuriAJD1KlW7Zk9BF4lTkCop0OhVvtwg4VkEMXLJtO46dopezhQKLmFcdjMNKeND1oeuoTGLQHv59OoxPTZKQMNEmYqRTtXfEzmLtB5FvumMGA70vDcR//O6GYZXXi7iNEOI+WxRmEmKCZ1EQAOhgKMcGcK4EuZWygdMMY4mqLIJwZl/eZG0TmvORe387qxavy7iKJFDckROiEMuSZ3ckgZpEk4UeSav5M16sl6sd+tj1rpkFTMH5A+szx/rw5Io</latexit>

�✓
<latexit sha1_base64="oZuJhWpGT8149A1Mt8M8dFiDBbo=">AAAB7nicdVDLSgMxFM34rPVVdekmWAQXMszUPndFNy4r9AXtUDJppg3NZEKSEcrQj3DjQhG3fo87/8ZMO4KKHrhwOOde7r3HF4wq7Tgf1tr6xubWdm4nv7u3f3BYODruqiiWmHRwxCLZ95EijHLS0VQz0heSoNBnpOfPblK/d0+kohFv67kgXogmnAYUI22knhgl7cvpYlQoOnajXqk1ytCxnSVSUq1Xr0rQzZQiyNAaFd6H4wjHIeEaM6TUwHWE9hIkNcWMLPLDWBGB8AxNyMBQjkKivGR57gKeG2UMg0ia4hou1e8TCQqVmoe+6QyRnqrfXir+5Q1iHdS9hHIRa8LxalEQM6gjmP4Ox1QSrNncEIQlNbdCPEUSYW0SypsQvj6F/5NuyXarduWuXGxeZ3HkwCk4AxfABTXQBLegBToAgxl4AE/g2RLWo/Viva5a16xs5gT8gPX2CYxUj7w=</latexit>pT,h

<latexit sha1_base64="BHmjLJy8Ju/OMsh3zZG6KbhKSf0=">AAAB9XicbVDJSgNBEO1xjXGLevTSGARPYUbcjkEvHiOYBTJj6OmpSZr0LHTXKGHIf3jxoIhX/8Wbf2MnmYMmPih4vFdFVT0/lUKjbX9bS8srq2vrpY3y5tb2zm5lb7+lk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/vBm4rcfQWmRxPc4SsGLWD8WoeAMjfRA3QAkMuriAJD1KlW7Zk9BF4lTkCop0OhVvtwg4VkEMXLJtO46dopezhQKLmFcdjMNKeND1oeuoTGLQHv59OoxPTZKQMNEmYqRTtXfEzmLtB5FvumMGA70vDcR//O6GYZXXi7iNEOI+WxRmEmKCZ1EQAOhgKMcGcK4EuZWygdMMY4mqLIJwZl/eZG0TmvORe387qxavy7iKJFDckROiEMuSZ3ckgZpEk4UeSav5M16sl6sd+tj1rpkFTMH5A+szx/rw5Io</latexit>

�✓

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0 <latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="K76ziRgFNXK72n6FBlncYmzXafo=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqx6LevAiVOgXtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uZXVtfSO/Wdja3tndK+4fNHWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjdTv/VElWaRrJtxTH2BB5KFjGBjpce0qwSq399OUK9YcsvuDGiZeBkpQYZar/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aeziyfoxCp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE175KZNxYqgk80VhwpGJ0PR91GeKEsPHlmCimL0VkSFWmBgbUsGG4C2+vEyaZ2Xvolx5OC9Vr7M48nAEx3AKHlxCFe6gBg0gIOEZXuHN0c6L8+58zFtzTjZzCH/gfP4AolqQQA==</latexit>

TMD
<latexit sha1_base64="5T6qYXvjC0Y2O/Oh6Yu80WO6xAE=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUGIlzAjbsegF48RzAKZIfR0KkmTnoXumkAY8idePCji1T/x5t/YSeagiQ+KerxXRVe/IJFCo+N8W4W19Y3NreJ2aWd3b//APjxq6jhVHBo8lrFqB0yDFBE0UKCEdqKAhYGEVjC6n/mtMSgt4ugJJwn4IRtEoi84QyN1bbvi9UAiox4OwbTzrl12qs4cdJW4OSmTHPWu/eX1Yp6GECGXTOuO6yToZ0yh4BKmJS/VkDA+YgPoGBqxELSfzS+f0jOj9Gg/VqYipHP190bGQq0nYWAmQ4ZDvezNxP+8Tor9Wz8TUZIiRHzxUD+VFGM6i4H2hAKOcmII40qYWykfMsU4mrBKJgR3+curpHlRda+rV4+X5dpdHkeRnJBTUiEuuSE18kDqpEE4GZNn8krerMx6sd6tj8Vowcp3jskfWJ8/Mz+Svg==</latexit>

(�✓)

<latexit sha1_base64="sim7vJAgBV1I7wyfbPHyjP4eDyw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBosgCiURX8uiG5cV7AOaWG6mk3bsTBJmJmIJ/RU3LhRx64+482+ctllo9cCFwzn3cu89QcKZ0o7zZRUWFpeWV4qrpbX1jc0te7vcVHEqCW2QmMeyHYCinEW0oZnmtJ1ICiLgtBUMryZ+64FKxeLoVo8S6gvoRyxkBLSRunbZ64MQcHeIPR3jAT66x1274lSdKfBf4uakgnLUu/an14tJKmikCQelOq6TaD8DqRnhdFzyUkUTIEPo046hEQiq/Gx6+xjvG6WHw1iaijSeqj8nMhBKjURgOgXogZr3JuJ/XifV4YWfsShJNY3IbFGYcmzenASBe0xSovnIECCSmVsxGYAEok1cJROCO//yX9I8rrpn1dObk0rtMo+jiHbRHjpALjpHNXSN6qiBCHpET+gFvVpj69l6s95nrQUrn9lBv2B9fAPgqpMM</latexit>

�⇤ ! h+ j
<latexit sha1_base64="ASFdr0RD5IYgGmBPYvYPHgiDJko=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwfRCOYBmyXMTmaTITM7y8ysEJZ8hhcPinj1a7z5N06SPWhiQUNR1U13V5hwpo3rfjuFpeWV1bXiemljc2t7p7y719QyVYQ2iORStUOsKWcxbRhmOG0nimIRctoKh9cTv/VElWYyfjSjhAYC92MWMYKNlfwayjpKoLvb+3G3XHGr7hRokXg5qUCOerf81elJkgoaG8Kx1r7nJibIsDKMcDoudVJNE0yGuE99S2MsqA6y6cljdGSVHoqkshUbNFV/T2RYaD0Soe0U2Az0vDcR//P81ESXQcbiJDU0JrNFUcqRkWjyP+oxRYnhI0swUczeisgAK0yMTalkQ/DmX14kzZOqd149ezit1K7yOIpwAIdwDB5cQA1uoA4NICDhGV7hzTHOi/PufMxaC04+sw9/4Hz+AC7OkI4=</latexit>

@NLO

<latexit sha1_base64="pwOFU/0ktIvXiq6K55lmNUCUZao=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZi1lvUi8cEzALJEHo6PUmbnoXuHiGEfIEXD4p49ZO8+Tf2JCOo6IOCx3tVVNVzI86ksqwPI7O2vrG5ld3O7ezu7R/kD486MowFoW0S8lD0XCwpZwFtK6Y47UWCYt/ltOtOrxO/e0+FZGFwq2YRdXw8DpjHCFZaal0O8wXLrNfK1XoJWaa1REIqtcpFEdmpUoAUzWH+fTAKSezTQBGOpezbVqScORaKEU4XuUEsaYTJFI9pX9MA+1Q68+WhC3SmlRHyQqErUGipfp+YY1/Kme/qTh+rifztJeJfXj9WXs2ZsyCKFQ3IapEXc6RClHyNRkxQovhME0wE07ciMsECE6WzyekQvj5F/5NO0bQrZrlVKjSu0jiycAKncA42VKEBN9CENhCg8ABP8GzcGY/Gi/G6as0Y6cwx/IDx9gn3uI0S</latexit>

A
<latexit sha1_base64="dMquv62MXNCDHvKVPzokd7CbaRA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiB4GmZi1luIF48RzALJEHo6PUmTnoXuGiEM+QgvHhTx6vd482/sSUZQ0QcFj/eqqKrnRoIrsKwPI7exubW9k98t7O0fHB4Vj096KowlZV0ailAOXKKY4AHrAgfBBpFkxHcF67vz69Tv3zOpeBjcwSJijk+mAfc4JaCl/mhGIGkvx8WSZTYb1Xqzgi3TWiEltUbtqoztTCmhDJ1x8X00CWnsswCoIEoNbSsCJyESOBVsWRjFikWEzsmUDTUNiM+Uk6zOXeILrUywF0pdAeCV+n0iIb5SC9/VnT6BmfrtpeJf3jAGr+EkPIhiYAFdL/JigSHE6e94wiWjIBaaECq5vhXTGZGEgk6ooEP4+hT/T3pl066Z1dtKqdXO4sijM3SOLpGN6qiFblAHdRFFc/SAntCzERmPxovxum7NGdnMKfoB4+0TwwmP4A==</latexit>

B̂

 subtraction for hadron productionqT

SIDIS@NNLO : An in-house code base on FMNLO methodB̂

Hard function


TMD beam function


Soft function

Baikov,Chetyrkin,Smirnov,Smirnov,Steinhauser, 0902.3519 
Lee, Smirnov, Smirnov, 1001.2887 
Gehrmann, Glover, Huber, Ikizlerli, Studerus,  1004.3653

Luo, Yang, Zhu, Zhu,  1912.05778 
Luo, Yang, Zhu, Zhu,  2012.03256 
Ebert, Mistlberger, Vita,  2006.05329

Li, Zhu,  1604.01404 
Zhu,  2009.08919
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 subtraction for hadron productionqT

Gao, H.T.L., Zhu, Zhu, 2602.06364
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Outline

Introduction


 subtraction for hadron production


Applications to N3LO QCD corrections to SIDIS 

Summary 

qT
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Applications to N3LO

Unresolved @ 3 loops
 Hard  TMDPDF  TMDFF⊗ ⊗

Part A 
Ready

Resolved @ NNLO

NNLO corrections to harton + Jet

<latexit sha1_base64="BpRHuTA3f6blpZ0p91fpWvizbAw="></latexit>

d�

dO
=

Z qT,cut

0
dqT

d�

dqT dO
+

Z qT,max

qT,cut

dqT
d�

dqT dO

 slicing for SIDIS at N3LOqT

Dong, Fang, Gao, H.T.L., Zhu, 2602.22972 <latexit sha1_base64="BHmjLJy8Ju/OMsh3zZG6KbhKSf0=">AAAB9XicbVDJSgNBEO1xjXGLevTSGARPYUbcjkEvHiOYBTJj6OmpSZr0LHTXKGHIf3jxoIhX/8Wbf2MnmYMmPih4vFdFVT0/lUKjbX9bS8srq2vrpY3y5tb2zm5lb7+lk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/vBm4rcfQWmRxPc4SsGLWD8WoeAMjfRA3QAkMuriAJD1KlW7Zk9BF4lTkCop0OhVvtwg4VkEMXLJtO46dopezhQKLmFcdjMNKeND1oeuoTGLQHv59OoxPTZKQMNEmYqRTtXfEzmLtB5FvumMGA70vDcR//O6GYZXXi7iNEOI+WxRmEmKCZ1EQAOhgKMcGcK4EuZWygdMMY4mqLIJwZl/eZG0TmvORe387qxavy7iKJFDckROiEMuSZ3ckgZpEk4UeSav5M16sl6sd+tj1rpkFTMH5A+szx/rw5Io</latexit>

�✓

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>
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@NNLO

see Shen Fang’s talk on Tue. 
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qT subtraction for hadron production
A extension of qT subtraction method to multijet production Fu, Rahn, Shao, Waalewĳn, Wu, 2412.05358

See Rong-Jun Fu’s talk on Tue.   

Fang, Gao, H.T.L., Shao, 2409.09248
Two loop quark jet function was extracted

Using WTA jet, they proposed subtraction scheme 
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Applications to N3LO

Dong, Fang, Gao, H.T.L., Zhu, 2602.22972, also see Shen Feng’ talk 

〰

Jk
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Demonstrates numerical stability and cutoff independence across all channels.
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Applications to N3LO

Dong, Fang, Gao, H.T.L., Shao, Zhu, Zhu, 2603.29673
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CCA

subtraction with hadron  

subtraction with azimuthal angle 
correction between hadron and jet 

qT

A new method of two-dimensional transverse momentum subtraction for SIDIS

Manages the complex pattern of overlapping and 
nested infrared and collinear singularities that arise in 
N3LO calculations 
Dramatically reduces computational and analytic 
complexity 
Preserves exact final-state kinematics to allow arbitrary 
fiducial cuts
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Applications to N3LO
Validations to h+X @ N3LO

Numerical Stability and Cutoff Independence at N3LO: power corrections relatively small 
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Applications to N3LO

A clear, systematic reduction in theoretical scale uncertainties is observed

The N3LO corrections introduce a modest but visible shape adjustment
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Matching for fixed order by

N4LL resummation

NLL results agree with PYTHIA

The predictions demonstrate excellent perturbative convergence

Fixed order matching are important even in the Sudakov region

Applications to N3LO
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Summary
SIDIS provides unprecedented access to the 3D tomographic 
structure of the nucleon


We present a new method for calculating fully differential 
SIDIS cross sections at higher orders in QCD.


We propose a novel method of two-dimensional transverse 
momentum subtraction for calculations of identified hadron 
production.


This enabled the first fully differential calculations of SIDIS at 
both NNLO and NNNLO in QCD.


Provide new theoretical tools for the study of the three-
dimensional internal structure of nucleons 
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Summary

Thank you!

SIDIS provides unprecedented access to the 3D tomographic 
structure of the nucleon


We present a new method for calculating fully differential 
SIDIS cross sections at higher orders in QCD.


We propose a novel method of two-dimensional transverse 
momentum subtraction for calculations of identified hadron 
production.


This enabled the first fully differential calculations of SIDIS at 
both NNLO and NNNLO in QCD.


Provide new theoretical tools for the study of the three-
dimensional internal structure of nucleons 


