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SIDIS - the next frontier 
of hadron structure 
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The Breit Frame
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SIDIS regions 
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But ….
● Factorization theorem relies 

on q moving along -z

● How do we know that q is 
exactly along -z 
even-by-event?  

● Role QED radiation?

q
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?
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● In the presence of QED 
radiation, the q direction is 
not fixed

● The experimental Breit 
Frame does not need to 
coincide with the actual 
Breit-frame needed in QCD 
factorization
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How to proceed ?
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Electron from electron 
distribution - collinear/TMD?? 

Electron from electron 
fragmentation - collinear/TMD?? 

Short distance hard 
scattering 

Lepton 
Distribution 

function 
(LDF)

Lepton 
Fragmentation 
function (LFF) 
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Key observation

Collinear LDF and 
LFFs
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Spectrum is too broad in bT space -> 
a narrow peak in qT space at qT=0

max(mub, me)
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We can ignore 
TMD LDF and 

LFFs



13

+ QED ???
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Collinear LDF and 
LFFs

SIDIS with QED

Hatted variables all 
depend on xi and 

zeta

Hadron pT in the 
true Breit frame

QED rotational 
effects
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Collinear LDFs and LFFs

Attention:  These objects are 
perturbatively calculable
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Input scale LDFs/LFFs
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Evolved LDFs LDFs peaks at the endpoint



Subtraction trick
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We remove the numerically problematic region and 
compute the difference accurately in Mellin space



19



20



● Curves are a fits
● Dots are full theory 

calculations

QED corrections generates 
non trivial signal around 
phi_h=pi

21



22

Summary/Outlook
● In the presence of QED radiation, 

the q direction is not fixed

● The experimental Breit Frame does 
not need to coincide with the 
actual Breit-frame needed in QCD 
factorization

● QED effects needs to take into 
account for the next frontier  

QED+QCD


