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Introduction to 
longitudinal-transverse 

structure function ratio R
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Cross section for charged-lepton nucleon scattering
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Longitudinal and transverse cross sections of  γ*+N→X
and their relations to W1 and W2
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Longitudinal-transverse structure function ratio R
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SLAC parametrizations for R
R1990: L. W. Whitlow et al., PLB 250 (1990) 193;  R1998: K. Abe et al., PLB 452 (1999) 194.



Nuclear modifications of 
structure functions F2



Nuclear modifications at SLAC and JLab

SLAC:  J. Gomez et al., Phys. Rev. D 49 (1994) 4348. JLab:  J. Seely et al., Phys. Rev. Lett. 103 (2009) 202301.

EMC effect, 
J. J. Aubert et al. (EMC), 
Phys. Lett. B123 (1983) 275.



Nuclear binding 
(+ Nucleon modification)

Fermi motion
of the nucleon

Nuclear modifications of structure function F2

Shadowing 

Anti-shadowing

Reference for modification mechanisms:
D. F. Geesaman, K. Saito, A. W. Thomas, 
Ann. Rev. Nucl. Part. Sci. 45 (1995) 337.



Binding and Fermi motion
Convolution:  Wµν

A (pA ,q) = d 4∫ p  S(p) Wµν
N (pN ,q)

 S(p) = Spectral function = nucleon momentum distribution in a nucleus

 
In a simple shell model:  S(p) = φi (

!p) 2

i
∑ δ (p0 − MN − ε i ) Separation energy:  ε i

Projecting out F2 :  F2
A (x,Q2 ) = d∫ z  fi (z)

i
∑  F2

N (x / z,Q2 )
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z = p ⋅ q

MNν
= p

0ν − !p ⋅ !q
MNν

= 1− | ε i |
MN

−
!p ⋅ !q
MNν

≈ 1.00 − 0.02 ± 0.20  for a medium-size nucleus

f (z)

z

0.98

0.20

If fi (z) were fi (z) = δ (z − 1),   there is no nuclear
modification: F2

A (x,Q2 ) = F2
N (x,Q2 ).

Because the peak shifts slightly (1→ 0.98),
nuclear modification of F2 is created.

 F2
A (x,Q2 ) ! F2

N (x / 0.98,Q2 )

For x = 0.60,   x / 0.98 = 0.61

F2
N (x = 0.61)
F2
N (x = 0.60)

= 0.021
0.024

= 0.88

x

F2
A / F2

N

binding

Fermi motion



Nuclear modifications of 
structure-function ratio R

S. Kumano, arXiv:2506.18305



Experimental situation on nuclear modifications of R

K. Ackerstaff et al., 
PLB 475 (2000) 386.

Erratum, A. Airapetian et al., PLB 567 (2003) 339.

HERMES 14N/D, 3He/D
(2000, 2003) CCFR Fe

(2001)

Ther is no nuclear modification in R within the experimental errors.

U. K. Yang et al., PRL 87 (2001) 251802.



JLab measurements for the deuteron (2007)
V. Tvaskis et al., PRL 98 (2007) 142301

proton

deuteron − proton



Nuclear modifications exist in R theoretically M. Ericson and S. Kumano
PRC 67 (2003) 022201

γ N
γ

A

Longitudinal direction A nucleon in a nucleus moves any direction,
which is not necessarily the longitudinal one.



Nuclear modifications of R in a nucleus
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Theoretical nuclear modifications of R
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Results for the deuteron
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We have been assuming nuclear modification does not exist in R.

For example, in the polarized PDF analysis
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• Nuclear modifications of R could be important for obtaining accurate PDFs.
• There could be interesting mechanisms for such nuclear modifications.
• Nuclear modifications are large as the mass number A increases.



Experimental prospects
and 

Summary



JLab experiment for R in 2026
JLab experiment E12-06-104
for R will run in 2026, 
so it would be nice to study 
possible nuclear modifications.

In future, we expect 
to have EIC experiments.



Summary

• We showed that finite nuclear modifications exist 
for the longitudinal-transverse structure function ratio R in the deuteron,
mainly due to the transverse motion of a nucleon in the nucleus.

• Nuclear modifications of R could be important practically,
for example, in order to determine accurate PDFs.

• There could be interesting mechanisms for such nuclear modifications.

• Modifications are large for large size nuclei.

• The JLab experiment on R will start next year 2026. 
We should aware that the nuclear modifications exist in R
although there is no indication in the existing experimental data.
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The End

The End


