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The ratio R = σL/σT
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Commonly known as “R-ratio”

Inclusive DIS

<latexit sha1_base64="cCTmH2CbpUhgeo7OMu+oukrkSYo=">AAACLHicbVDLSgMxFM34rPU16tJNsAgVpMwUqW6E0oK46KKVvqCtQybNtKGZB0lGLMN8kBt/RRAXFnHrd5g+lNp6IHDuOfdyc48dMCqkYYy0ldW19Y3NxFZye2d3b18/OKwLP+SY1LDPfN60kSCMeqQmqWSkGXCCXJuRhj0ojv3GA+GC+l5VDgPScVHPow7FSCrJ0ot38Bq2HY5w1Ba05yKrFP+wavzr3Vil9KNVOIeV++xZrMrqXGnpKSNjTACXiTkjKTBD2dJf210fhy7xJGZIiJZpBLITIS4pZiROtkNBAoQHqEdainrIJaITTY6N4alSutDxuXqehBN1fiJCrhBD11adLpJ9seiNxf+8Viidq05EvSCUxMPTRU7IoPThODnYpZxgyYaKIMyp+ivEfaTSkSrfpArBXDx5mdSzGTOXyVUuUvnCLI4EOAYnIA1McAny4BaUQQ1g8ARewDsYac/am/ahfU5bV7TZzBH4A+3rG0kDpcA=</latexit>

R =
ωL

ωT
=

FL(xB , Q2)

FT (xB , Q2)

Known?

Experiment

Theory

✔

✔  only beyond LO≠ 0

H1 Collaboration, EPJ C 74 (2014)
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Commonly known as “R-ratio”

Semi-Inclusive DIS (integrated)

Known?

Experiment

Theory

✘

✔

<latexit sha1_base64="UHoABZR128wF7zWgOhWXmcT7MDI="></latexit>

R =
ωL

ωT
=

FL(xB , zh, Q2)

FT (xB , zh, Q2)
<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

Anderle, de Florian, et al., PRD 95 (2017) 
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Commonly known as “R-ratio”

Semi-Inclusive DIS ( -dependent)qT

Known?

Experiment

Theory ?Small qT
Large qT ✔

<latexit sha1_base64="C13noHrela2yDq9UwuKifYeQcT8="></latexit>

R =
ωL

ωT
=

FUU,L(xB , zh, |qT |, Q2)

FUU,T (xB , zh, |qT |, Q2)

✘

Balitsky, Prokudin, arXiv:2601.18882

JLab22 White Paper, EPJ A 60 (2024)

Piloneta, Vladimirov, arXiv:2510.14496

MAP Collaboration, JHEP 10 (2022)



Why is it important to know R?
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In general:
To understand the role of longitudinal photons in SIDIS

More specifically:
 is uniqueFUU,L

<latexit sha1_base64="8jhI3B1lbJX49wemAiRT77WRGc8=">AAACGHicbZC7TsMwFIadcivlFmBksaiQGKAkCBXGCgYYi9Sb1ITKcZ3Wqp0E20GqojwGC6/CwgBCrN14G5w2A7T8kqVP/zlHx+f3Ikalsqxvo7C0vLK6VlwvbWxube+Yu3stGcYCkyYOWSg6HpKE0YA0FVWMdCJBEPcYaXujm6zefiJC0jBoqHFEXI4GAfUpRkpbPfPM8QXCSR86kg44SjU99hopdE5g1xE8ibwMb0krfUhO7dTtmWWrYk0FF8HOoQxy1XvmxOmHOOYkUJghKbu2FSk3QUJRzEhacmJJIoRHaEC6GgPEiXST6WEpPNJOH/qh0C9QcOr+nkgQl3LMPd3JkRrK+Vpm/lfrxsq/chMaRLEiAZ4t8mMGVQizlGCfCoIVG2tAWFD9V4iHSCeldJYlHYI9f/IitM4rdrVSvb8o167zOIrgAByCY2CDS1ADd6AOmgCDZ/AK3sGH8WK8GZ/G16y1YOQz++CPjMkP7BGfEA==</latexit>

dω dq
T
[p
b
G
eV

→
1
]

<latexit sha1_base64="X4Lu9TFMczLf+3j9PCWsYonGdgI=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoiUl0WXeiyQl/QhDCZTtqhM5M4M1FK7Ke4caGIW7/EnX/jtM1CWw9cOJxzL/feEyaMKu0431ZhZXVtfaO4Wdra3tnds8v7bRWnEpMWjlksuyFShFFBWppqRrqJJIiHjHTC0fXU7zwQqWgsmnqcEJ+jgaARxUgbKbDL90ETeqew50me3ZD2xA/silN1ZoDLxM1JBeRoBPaX149xyonQmCGleq6TaD9DUlPMyKTkpYokCI/QgPQMFYgT5Wez0yfw2Ch9GMXSlNBwpv6eyBBXasxD08mRHqpFbyr+5/VSHV36GRVJqonA80VRyqCO4TQH2KeSYM3GhiAsqbkV4iGSCGuTVsmE4C6+vEzaZ1W3Vq3dnVfqV3kcRXAIjsAJcMEFqINb0AAtgMEjeAav4M16sl6sd+tj3lqw8pkD8AfW5w8EjZM5</latexit>

qT [GeV] Leading Power
<latexit sha1_base64="jkmmXl6T4D3DWkWBVCeCc/DudgA=">AAACCHicbVA7T8MwGHR4lvIKMDJgUSGVpUoQKowVLGwUiT6kJqocx2mtOk5kO0hVlJGFv8LCAEKs/AQ2/g1OmgFaTrJ0uvs++3xezKhUlvVtLC2vrK6tVzaqm1vbO7vm3n5XRonApIMjFom+hyRhlJOOooqRfiwICj1Get7kOvd7D0RIGvF7NY2JG6IRpwHFSGlpaB45xR2pIH4GHUlD6IRIjTFi6W1Wt0+HZs1qWAXgIrFLUgMl2kPzy/EjnISEK8yQlAPbipWbIqEoZiSrOokkMcITNCIDTTkKiXTTIkQGT7TiwyAS+nAFC/X3RopCKaehpyfzlHLey8X/vEGigks3pTxOFOF49lCQMKgimLcCfSoIVmyqCcKC6qwQj5FAWOnuqroEe/7Li6R71rCbjebdea11VdZRAYfgGNSBDS5AC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gBF3Zl+</latexit>

→ O(1)

<latexit sha1_base64="CrkfsU2CURP7uCIhGTqlHixoHak=">AAACH3icbVDNS8MwHE39nPOr6tFLcAjzMtoh0+PQizc3cB+w1pFmaReWpiVJhVH6n3jxX/HiQRHxtv/GrOtBNx8EHu/9fsnL82JGpbKsmbG2vrG5tV3aKe/u7R8cmkfHXRklApMOjlgk+h6ShFFOOooqRvqxICj0GOl5k9u533siQtKIP6hpTNwQBZz6FCOlpaHZcPI7Uo8lJIOOpCF0QqTGGLH0PnM8GgRVxxcIp3aWth/rC+liaFasmpUDrhK7IBVQoDU0v51RhJOQcIUZknJgW7FyUyQUxYxkZSeRJEZ4ggIy0JSjkEg3zbNl8FwrI+hHQh+uYK7+3khRKOU09PTkPLtc9ubif94gUf61m1IeJ4pwvHjITxhUEZyXBUdUEKzYVBOEBdVZIR4j3YbSlZZ1Cfbyl1dJt16zG7VG+7LSvCnqKIFTcAaqwAZXoAnuQAt0AAbP4BW8gw/jxXgzPo2vxeiaUeycgD8wZj/vT6OE</latexit>

→ O

(
1

Q2

)Next-to-Next-to Leading Power

Matching?

Bacchetta, Boer, Diehl, Mulders, JHEP 08 (2008) 



Current situation
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Leading Power
<latexit sha1_base64="jkmmXl6T4D3DWkWBVCeCc/DudgA=">AAACCHicbVA7T8MwGHR4lvIKMDJgUSGVpUoQKowVLGwUiT6kJqocx2mtOk5kO0hVlJGFv8LCAEKs/AQ2/g1OmgFaTrJ0uvs++3xezKhUlvVtLC2vrK6tVzaqm1vbO7vm3n5XRonApIMjFom+hyRhlJOOooqRfiwICj1Get7kOvd7D0RIGvF7NY2JG6IRpwHFSGlpaB45xR2pIH4GHUlD6IRIjTFi6W1Wt0+HZs1qWAXgIrFLUgMl2kPzy/EjnISEK8yQlAPbipWbIqEoZiSrOokkMcITNCIDTTkKiXTTIkQGT7TiwyAS+nAFC/X3RopCKaehpyfzlHLey8X/vEGigks3pTxOFOF49lCQMKgimLcCfSoIVmyqCcKC6qwQj5FAWOnuqroEe/7Li6R71rCbjebdea11VdZRAYfgGNSBDS5AC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gBF3Zl+</latexit>

→ O(1)

<latexit sha1_base64="CrkfsU2CURP7uCIhGTqlHixoHak=">AAACH3icbVDNS8MwHE39nPOr6tFLcAjzMtoh0+PQizc3cB+w1pFmaReWpiVJhVH6n3jxX/HiQRHxtv/GrOtBNx8EHu/9fsnL82JGpbKsmbG2vrG5tV3aKe/u7R8cmkfHXRklApMOjlgk+h6ShFFOOooqRvqxICj0GOl5k9u533siQtKIP6hpTNwQBZz6FCOlpaHZcPI7Uo8lJIOOpCF0QqTGGLH0PnM8GgRVxxcIp3aWth/rC+liaFasmpUDrhK7IBVQoDU0v51RhJOQcIUZknJgW7FyUyQUxYxkZSeRJEZ4ggIy0JSjkEg3zbNl8FwrI+hHQh+uYK7+3khRKOU09PTkPLtc9ubif94gUf61m1IeJ4pwvHjITxhUEZyXBUdUEKzYVBOEBdVZIR4j3YbSlZZ1Cfbyl1dJt16zG7VG+7LSvCnqKIFTcAaqwAZXoAnuQAt0AAbP4BW8gw/jxXgzPo2vxeiaUeycgD8wZj/vT6OE</latexit>

→ O

(
1

Q2

)Next-to-Next-to Leading Power

collinear 
factorization

TMD 
factorization

?
Not clear if TMD 
factorization can be 
applied to NNLP 
(twist-4) structure 
functions

<latexit sha1_base64="ynULh1B6Z1gVjylfYFX+z9zUk64=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwFBKR6kUoevFYwbSFNpTNdtMu3WzC7kYsob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb7Syura+sVnaKm/v7O7tVw4OmzrJFGU+TUSi2iHRTHDJfMONYO1UMRKHgrXC0e3Ubz0ypXkiH8w4ZUFMBpJHnBJjJf/p2nW8XqXqOu4MeJl4BalCgUav8tXtJzSLmTRUEK07npuaICfKcCrYpNzNNEsJHZEB61gqScx0kM+OneBTq/RxlChb0uCZ+nsiJ7HW4zi0nTExQ73oTcX/vE5moqsg5zLNDJN0vijKBDYJnn6O+1wxasTYEkIVt7diOiSKUGPzKdsQvMWXl0nz3PFqTu3+olq/KeIowTGcwBl4cAl1uIMG+ECBwzO8whuS6AW9o4956woqZo7gD9DnD7Xajfs=</latexit>

x = 0.1
<latexit sha1_base64="u8f3DR4f0sKASJu/XfTtIUiZUoc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqxeh6MVjBdMW2lA22027dLMJuxuhhv4GLx4U8eoP8ua/cdPmoK0PBh7vzTAzL0g4U9pxvq3Syura+kZ5s7K1vbO7V90/aKk4lYR6JOax7ARYUc4E9TTTnHYSSXEUcNoOxre5336kUrFYPOhJQv0IDwULGcHaSN7TtWNf9Ks1x3ZmQMvELUgNCjT71a/eICZpRIUmHCvVdZ1E+xmWmhFOp5VeqmiCyRgPaddQgSOq/Gx27BSdGGWAwliaEhrN1N8TGY6UmkSB6YywHqlFLxf/87qpDq/8jIkk1VSQ+aIw5UjHKP8cDZikRPOJIZhIZm5FZIQlJtrkUzEhuIsvL5PWme3W7fr9ea1xU8RRhiM4hlNw4RIacAdN8IAAg2d4hTdLWC/Wu/Uxby1Zxcwh/IH1+QO++o4B</latexit>

z = 0.5
<latexit sha1_base64="7CXkXGrf7dYl9dIWN+afF/nx0sQ=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZKqW6EogtdtmAf0JmWTJppQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp64MLhnHu5954gZlRpx/m2VlbX1jc2c1v57Z3dvX374LCpokRi0sARi2Q7QIowKkhDU81IO5YE8YCRVjC6mfqtByIVjcS9HsfE52ggaEgx0kbq2cf1bglewTL0oCd5ekuak26pZxecojMDXCZuRgogQ61nf3n9CCecCI0ZUqrjOrH2UyQ1xYxM8l6iSIzwCA1Ix1CBOFF+Ort+As+M0odhJE0JDWfq74kUcaXGPDCdHOmhWvSm4n9eJ9HhpZ9SESeaCDxfFCYM6ghOo4B9KgnWbGwIwpKaWyEeIomwNoHlTQju4svLpFkqupVipV4uVK+zOHLgBJyCc+CCC1AFd6AGGgCDR/AMXsGb9WS9WO/Wx7x1xcpmjsAfWJ8/ohOTcQ==</latexit>

Q2 = 4 GeV2

Balitsky, Prokudin, arXiv:2601.18882
Piloneta, Vladimirov, arXiv:2510.14496

Bacchetta, MC, Gamberg, Whitehill, in preparation



Why is it important to know R?
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Possible source of normalization mismatch in TMD fits with SIDIS data
Current information in global analyses

HERMES

COMPASS

SIDIS issue

Low accuracy:
good description

High accuracy:
mismatch in normalization

MAP Collaboration, JHEP 10 (2022)



Current situation
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SIDIS issue

Low accuracy:
good description

High accuracy:
mismatch in normalization

Theoretical framework in TMD fits
<latexit sha1_base64="WOR7gBZlAOj45sXz5A5NQI9lCxg="></latexit>

M(x, z, |P hT |, Q) = ωz|P hT |
FUU,T

FT + εFL

<latexit sha1_base64="2PIw1Ny3ZL/H+L1VgkGYZlVT5SQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJRKoboSiICxcVTFtoQ5hMpu3QySTMTIQS4sZfceNCEbf+hTv/xmmahbYeuHA45965c48fMyqVZX0bpYXFpeWV8mplbX1jc8vc3mnJKBGYODhikej4SBJGOXEUVYx0YkFQ6DPS9kdXE7/9QISkEb9X45i4IRpw2qcYKS155l4vfyMVJMjgtZc6zvFtBi+g5ZlVq2blgPPELkgVFGh65lcviHASEq4wQ1J2bStWboqEopiRrNJLJIkRHqEB6WrKUUikm+bbM3iolQD2I6GLK5irvydSFEo5Dn3dGSI1lLPeRPzP6yaqf+6mlMeJIhxPF/UTBlUEJ3HAgAqCFRtrgrCg+q8QD5FAWOnQKjoEe/bkedI6qdn1Wv3utNq4LOIog31wAI6ADc5AA9yAJnAABo/gGbyCN+PJeDHejY9pa8koZnbBHxifP+KWleA=</latexit>

FUU,L = 0

<latexit sha1_base64="GTyIomir4P9z5KMf7akQ67Gn7Iw="></latexit>

M(x, z, |P hT |, Q) = ωz|P hT |
FUU,T + εFUU,L

FT + εFL

Need to be 
investigated

MAP Collaboration, JHEP 10 (2022)



Theory summary
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Current knowledge of the longitudinal structure function

DIS SIDIS 
(integrated)

SIDIS  
(qT-differential)

Experiment ✔ ✘ ✘

Theory ✔ ✔ Large qT only

Why is it important?

To understand the role of longitudinal photons in SIDIS

It is unique: LP at large , NNLP at small . Is there a matching?qT qT

The behavior at small  is unknown from the theoryqT

Possible source of normalization mismatch in TMD fits with SIDIS data


