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Single-inclusive hadron production
• Fragmentation functions (FFs) are non-perturbative ingredients in 

factorization theorem connecting partonic and hadronic cross section


• Single-inclusive hadron production:
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pert. Wilson coeff. non-pert. FFs

• Very active research in recent years: excellent data from BES, LHC, et al.


• Theoretically, closely connects with lightray operators
see e.g. Jun Gao’s talk
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• Important to push the calculation for Wilson coeff. to N3LO

• The Wilson coefficients can be calculated in pQCD


• NLO


• NNLO


• The evolution of non-pert. FFs are governed by the timelike DGLAP 
equation

Existing perturbative results

Curci, Furmanski, Petronzio, 1980; Furmanski, Petronzio, 1980; Floratos, Kounnas, Lacaze, 1981

Mitov, Moch, 2006
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Known to three loops!
Chen et al., 2020; Mitov, Moch, Vogt, 2006; Moch, 
Vogt, 2008; Almasy, Moch, Vogt, 2011 
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Diagrams and master integrals
• Standard Feynman diagram methods for calculation
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Many different partonic channels


Complicated and easy to make mistake

See recent progress in MI calculation:  Magerya, Fakeshazy, 2025

In general very difficult. Can we find 
shortcut to the results?



DIS at N3LO
• A closely related process is DIS


• Structure function factorization into PDFs 
and perturbative Wilson coeff.
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Both Wilson coeff. and space-like DGLAP 
kernel are known to 3-loops!

Key simplification: related to imaginary 
part of forward scattering amplitude



Structure of Wilson Coefficients
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Can we exploit results for DIS Wilson coeff. to derive results for SIA?
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continuation relation:
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Structure of Wilson Coefficients
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Failure of naive analytic continuation
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Wilson coefficient functions are cross section level observable, not analytic!
DIS SIA
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<latexit sha1_base64="Nh0lU+VFeYRTStmw2+iW11XeO4Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2il7hNxSU9TNZS8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzkKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM/icDoTlDObGEMi3srYSNqKYMbUolG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCGZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AWY4kLI=</latexit>

|0i
<latexit sha1_base64="h5RCIFReUUyyyeIwgHWRthuJ3nI=">AAAB63icbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXsRTBfsB7VKyabYNTbJLkhXL0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb2dldW19Y7OwVdze2d3bLx0ctnSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjeZ336kSrNIPphJTH2Bh5KFjGCTSXeVp7N+qexW3RnQMvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwum02Es0jTEZ4yHtWiqxoNpPZ7dO0alVBiiMlC1p0Ez9PZFiofVEBLZTYDPSi14m/ud1ExNe+SmTcWKoJPNFYcKRiVD2OBowRYnhE0swUczeisgIK0yMjadoQ/AWX14mrfOqd1Gt3dfK9es8jgIcwwlUwINLqMMtNKAJBEbwDK/w5gjnxXl3PuatK04+cwR/4Hz+AESJjb4=</latexit>

J(x)

<latexit sha1_base64="w3mjtFCbJFdC/B7mJ2hx081j5X4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9CKeKtgPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueJKs0i+WimMfUFHkkWMoJNJt1X3fNBueLW3DnQKvFyUoEczUH5qz+MSCKoNIRjrXueGxs/xcowwums1E80jTGZ4BHtWSqxoNpP57fO0JlVhiiMlC1p0Fz9PZFiofVUBLZTYDPWy14m/uf1EhNe+ymTcWKoJItFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadkQ/CWX14l7Yuad1mrP9QrjZs8jiKcwClUwYMraMAdNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/ANcSjXY=</latexit>

J(0)t

<latexit sha1_base64="8ujTPml1AzO/aCwkcyRVeRSOnjc=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG3dWsA9sh5JJb9vQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJeeeIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxTea3nlBpHskHM4nRD+lQ8gFn1FjpsRtSMwqC9G7aK1fcqjsDWSZeTiqQo94rf3X7EUtClIYJqnXHc2Pjp1QZzgROS91EY0zZmA6xY6mkIWo/nSWekhOr9MkgUvZJQ2bq742UhlpPwsBOZgn1opeJ/3mdxAyu/JTLODEo2fyjQSKIiUh2PulzhcyIiSWUKW6zEjaiijJjSyrZErzFk5dJ86zqXVTP788rteu8jiIcwTGcggeXUINbqEMDGEh4hld4c7Tz4rw7H/PRgpPvHMIfOJ8/u76Q+A==</latexit>

O

Time-ordered two-point 
correlator in nucleon state

Wightman 3pt-correlator with 
Schwinger-Keldysh contour



Solution: Analytic continuation in amplitudes
• Amplitudes are analytic function of external 

momentum


• Non-analytic dependence on xB/xF from singular 
collinear region


• How to analytic continuation from space-like to 
time-like?

9

<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

<latexit sha1_base64="Wn3KgPDqJMSFu07Z01ZRnETias0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVoB6DXjxGNA9I1jA76U2GzM6uM7NCWPIJXjwo4tUv8ubfOHkcNLGgoajqprsrSATXxnW/naXlldW19dxGfnNre2e3sLdf13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgeuw3nlBpHst7M0zQj2hP8pAzaqx09/hw2ikU3ZI7AVkk3owUYYZqp/DV7sYsjVAaJqjWLc9NjJ9RZTgTOMq3U40JZQPaw5alkkao/Wxy6ogcW6VLwljZkoZM1N8TGY20HkaB7Yyo6et5byz+57VSE176GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamk7chePMvL5L6Wck7L5Vvy8XK1SyOHBzCEZyABxdQgRuoQg0Y9OAZXuHNEc6L8+58TFuXnNnMAfyB8/kD98SNmg==</latexit>

q⇤

<latexit sha1_base64="i0c7donU9Wriphf9JWWnWMRl2CU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnLfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA6Uo3G</latexit>

Xn

generalized splitting amplitude

vanishing outside lightcone

only support in Ω−



Analytic continuation from space-like infinity 
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<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

<latexit sha1_base64="Wn3KgPDqJMSFu07Z01ZRnETias0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVoB6DXjxGNA9I1jA76U2GzM6uM7NCWPIJXjwo4tUv8ubfOHkcNLGgoajqprsrSATXxnW/naXlldW19dxGfnNre2e3sLdf13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgeuw3nlBpHst7M0zQj2hP8pAzaqx09/hw2ikU3ZI7AVkk3owUYYZqp/DV7sYsjVAaJqjWLc9NjJ9RZTgTOMq3U40JZQPaw5alkkao/Wxy6ogcW6VLwljZkoZM1N8TGY20HkaB7Yyo6et5byz+57VSE176GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamk7chePMvL5L6Wck7L5Vvy8XK1SyOHBzCEZyABxdQgRuoQg0Y9OAZXuHNEc6L8+58TFuXnNnMAfyB8/kD98SNmg==</latexit>

q⇤

space-like splitting

<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i
<latexit sha1_base64="Wn3KgPDqJMSFu07Z01ZRnETias0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVoB6DXjxGNA9I1jA76U2GzM6uM7NCWPIJXjwo4tUv8ubfOHkcNLGgoajqprsrSATXxnW/naXlldW19dxGfnNre2e3sLdf13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgeuw3nlBpHst7M0zQj2hP8pAzaqx09/hw2ikU3ZI7AVkk3owUYYZqp/DV7sYsjVAaJqjWLc9NjJ9RZTgTOMq3U40JZQPaw5alkkao/Wxy6ogcW6VLwljZkoZM1N8TGY20HkaB7Yyo6et5byz+57VSE176GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamk7chePMvL5L6Wck7L5Vvy8XK1SyOHBzCEZyABxdQgRuoQg0Y9OAZXuHNEc6L8+58TFuXnNnMAfyB8/kD98SNmg==</latexit>

q⇤

<latexit sha1_base64="RxAqeCT2ZU8SQaCtsty2fKOaFik=">AAAB/3icbVC7TsMwFHXKq5RXAImFxaJCZShVgipgrGBhDBJ9SE1UOa7TWnWc1HaQqtCBX2FhACFWfoONv8FNM0DhSJaOz7lX997jx4xKZVlfRmFpeWV1rbhe2tjc2t4xd/daMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZH1zO/fU+EpBG/U5OYeCEacBpQjJSWeuaBA10VwVPoVNxqFY6z37jSM8tWzcoA/xI7J2WQw+mZn24/wklIuMIMSdm1rVh5KRKKYkamJTeRJEZ4hAakqylHIZFemu0/hcda6cMgEvpxBTP1Z0eKQiknoa8rQ6SGctGbif953UQFl15KeZwowvF8UJAwqG+chQH7VBCs2EQThAXVu0I8RAJhpSMr6RDsxZP/ktZZzT6v1W/r5cZVHkcRHIIjcAJscAEa4AY4oAkweABP4AW8Go/Gs/FmvM9LC0besw9+wfj4BvB4k38=</latexit>

P ! �P 0 , q ! q0
naive continuation

<latexit sha1_base64="Gv3ROVJrKr+ObUDWihCuVyOFmwY=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARBLHMSFE3QqkbwU0F+4B2HDJppg3NPEgyYhmKG3/FjQtF3PoV7vwb03YWWj1wL4dz7iW5x4s5k8qyvozc3PzC4lJ+ubCyura+YW5uNWSUCELrJOKRaHlYUs5CWldMcdqKBcWBx2nTG1yM/eYdFZJF4Y0axtQJcC9kPiNYack1dzq+wCS9uj0cpTXd0Dmy0RG6d6uuWbRK1gToL7EzUoQMNdf87HQjkgQ0VIRjKdu2FSsnxUIxwumo0EkkjTEZ4B5taxrigEonnZwwQvta6SI/ErpChSbqz40UB1IOA09PBlj15aw3Fv/z2onyz5yUhXGiaEimD/kJRypC4zxQlwlKFB9qgolg+q+I9LHOROnUCjoEe/bkv6RxXLJPSuXrcrFSzeLIwy7swQHYcAoVuIQa1IHAAzzBC7waj8az8Wa8T0dzRrazDb9gfHwDWTuVdw==</latexit>

K+

P+
= 1� xB

<latexit sha1_base64="q3y8xJzAjtXfw7TWXCrwkQ6begM=">AAACD3icbVDLSgMxFM3UV62vUZdugsUHFMuMFHUjFAUR3FSwD2inJZNm2tDMgyQjljB/4MZfceNCEbdu3fk3pu0stPXAhcM593LvPW7EqJCW9W1k5uYXFpeyy7mV1bX1DXNzqybCmGNSxSELecNFgjAakKqkkpFGxAnyXUbq7uBy5NfvCRc0DO7kMCKOj3oB9ShGUksdc7/lcYTVTbuQqEpbHRSSBJ7DiWgn6qFzlcAjaHfMvFW0xoCzxE5JHqSodMyvVjfEsU8CiRkSomlbkXQU4pJiRpJcKxYkQniAeqSpaYB8Ihw1/ieBe1rpQi/kugIJx+rvCYV8IYa+qzt9JPti2huJ/3nNWHpnjqJBFEsS4MkiL2ZQhnAUDuxSTrBkQ00Q5lTfCnEf6SykjjCnQ7CnX54lteOifVIs3Zby5Ys0jizYAbvgENjgFJTBNaiAKsDgETyDV/BmPBkvxrvxMWnNGOnMNvgD4/MHwmCbNQ==</latexit>

K+

P 0+
=

1

xF
� 1

<latexit sha1_base64="xenaU4CwBDZ5UCaJXt+mfmCq/YQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgIYRdCeox6EXwEsE8IFnC7KQ3GTI7u8zMCiHkI7x4UMSr3+PNv3GS7EETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPppxgn5EB5KHnFFjpVa7J7vl8n2vWHIr7hxklXgZKUGGeq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+blTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmv5M+V8iMGFtCmeL2VsKGVFFmbEIFG4K3/PIqaV5UvMtK9aFaqt1kceThBE7hHDy4ghrcQR0awGAEz/AKb07ivDjvzseiNedkM8fwB87nD1bEju0=</latexit>

Xn ,K
<latexit sha1_base64="xenaU4CwBDZ5UCaJXt+mfmCq/YQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgIYRdCeox6EXwEsE8IFnC7KQ3GTI7u8zMCiHkI7x4UMSr3+PNv3GS7EETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPppxgn5EB5KHnFFjpVa7J7vl8n2vWHIr7hxklXgZKUGGeq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+blTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmv5M+V8iMGFtCmeL2VsKGVFFmbEIFG4K3/PIqaV5UvMtK9aFaqt1kceThBE7hHDy4ghrcQR0awGAEz/AKb07ivDjvzseiNedkM8fwB87nD1bEju0=</latexit>

Xn ,K

correct continuation
<latexit sha1_base64="Qnl0+4n/TMOBPB5oNvEp0RdMLWQ=">AAACJXicbZDLSgMxFIYz9VbrbdSlm2ARhUKZkaIuFIpuXFawF+hMSybNtKGZC0lGKGFexo2v4saFRQRXvoppO4tePBD4+f9zODmfFzMqpGX9GLm19Y3Nrfx2YWd3b//APDxqiCjhmNRxxCLe8pAgjIakLqlkpBVzggKPkaY3fJjkzRfCBY3CZzmKiRugfkh9ipHUVte8dXyOsLJTVeuUUujICMJFi3QUdWKawrv5QJ2X0rRrFq2yNS24KuxMFEFWta45dnoRTgISSsyQEG3biqWrEJcUM5IWnESQGOEh6pO2liEKiHDV9MoUnmmnB/2I6xdKOHXnJxQKhBgFnu4MkByI5Wxi/pe1E+nfuIqGcSJJiGeL/IRBzWKCDPYoJ1iykRYIc6r/CvEAaRRSgy1oCPbyyauicVm2r8qVp0qxep/hyIMTcAougA2uQRU8ghqoAwxewTv4BGPjzfgwvozvWWvOyGaOwUIZv39hhKSW</latexit>

1

P+
! 1

P+
ei⇡ =

1

P 0+

<latexit sha1_base64="v8LjITNe9n/dQ08JsmAtSMd0qfs="></latexit>

(1� xB) ! (1� xB)e
i⇡

=

✓
1

xF
� 1

◆



Decomposition of parton contribution
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RRR: analytic function of xF


VRR: non-analytic part pure imaginary


VVV: non-analytic part independent of xF


VVR and VV*R: non-trivial non-analytic 
part, must be treated separately

<latexit sha1_base64="v8LjITNe9n/dQ08JsmAtSMd0qfs="></latexit>

(1� xB) ! (1� xB)e
i⇡

=

✓
1

xF
� 1

◆

Correct continuation prescription, 
only work on amplitude



A perturbative prescription
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Subtract incorrect 
continuation contribution

Add back to correct results Sum rule:

<latexit sha1_base64="f3gdMJ60oxQ7ZsvSWtDxAWiAg30="></latexit>

d�SIA(xF ) = A(xF ,↵s) +B(↵s)�(1� xF )

normal function and 
plus distribution in xF

cannot be determined 
from analytic continuation

<latexit sha1_base64="W24nySez9Nm0GtESk6IpwfjdQEs=">AAACHnicbVDLSgMxFM34rPVVdekmWIQKUmakPjaCj43uFK0KnTpk0rQNTTJDckdahn6JG3/FjQtFBFf6N6Z1Fmo9EDiccy8354Sx4AZc99MZG5+YnJrOzeRn5+YXFgtLy1cmSjRlVRqJSN+ExDDBFasCB8FuYs2IDAW7DjvHA//6jmnDI3UJvZjVJWkp3uSUgJWCwrbPFQTurYcbXX8T+4a3JLlNfS3xxelhv9TdwHg/k4OhDBH0g0LRLbtD4FHiZaSIMpwFhXe/EdFEMgVUEGNqnhtDPSUaOBWsn/cTw2JCO6TFapYqIpmpp8N4fbxulQZuRto+BXio/txIiTSmJ0M7KQm0zV9vIP7n1RJo7tVTruIEmKLfh5qJsBHxoCvc4JpRED1LCNXc/hXTNtGEgm00b0vw/kYeJVdbZW+nXDmvFA+OsjpyaBWtoRLy0C46QCfoDFURRffoET2jF+fBeXJenbfv0TEn21lBv+B8fAGzGKEG</latexit>Z 1

0
dx�SIA(x) = �tot



B from threshold resummation
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• In the threshold limit, xF->1, can derive a factorization theorem for SIA

ℋ ℋ

J
Sudakov form factor

thrust jet function
known to three loops:


Bruser, Ze Long Liu, 
Stahlhofen, 2018

B  determine from factorization formula 
agrees completely with the one from sum rule
δ(1 − xF)

A very strong check

Zhen Xu, HXZ, 2024



The explicit N3LO results
• Analytic results completely written in 

harmonic polylogarithms


• N3LO corrections are substantial


• Necessary to further reduce scale 
uncertainties


• Indicate better agreement with data?
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Conclusion
• We have obtained N3LO prediction for single-inclusive hadron production


• Method: amplitude level analytic continuation


• Useful for precision determination fragmentation functions


• Can be used to compute one-point energy correlator at N3LO


• Future: understand analytic continuation at cross section level
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Thank you very much!


