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Cross section for charged-lepton nucleon scattering
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By the current conservation, ¥ is expressed by two functions W, and W, as
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Combining L*Y and W av» We have the cross section
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Instead of W, and W,, we use F, and F, by defining
F =MW, F,=w,.



Structure function F,
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Longitudinal and transverse cross sections of y*+N—X Px

and their relations to #; and W,
Y

tot 1 e
T =33k TS =p ) M, M =G0 (X eI Op )

A = helicity,
transverse: A=l et —==( 0,1, 710
=755 )

longitudinal: 1=0: ¢ = %(\/vz -q%, 0,0, v)
V=4

For real photon: K =v, W?=(p +q)’ =

For virtual photon, the factor (2K ) is arbitrary

photon polarization vector: £“(4,q)

M, +2M, K
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e Hand convention: K =— % =y 4+ 4 o others: K =v, K =|q]
M, M,

4 R
= Ly e“ e’ dxM W,

2
tot_ u* yem vV yem 0
¥ = KZZ(Zn)a(qw PP, Ay | €T (0)|X ) (X | €T (0)|p, A K
2
47za€”£VW
tot tot 2
o, = ;01 =4’I‘(“W1, aL=a;,”’=4”“[(1 v igHW,-w,]

W, = transverse, W, = transverse + longitudinal

(A-v*/q*)W,-W, =W, =longitudinal
Instead of W, W, and W,, the functions F,, F, and F, are usually used for showing experimental results
o Q’
F=MW, FF=wW,, F,==—W, [1+ V—)F —2xF,



Structure function Fy
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Longitudinal-transverse structure function ratio R

F, (1+Q%/V)F,-2xF, (+4M;x"/Q")F,-2xF
R = O V0P X i i MOV A L > 0 in the scaling limit
19k 2xF, 2xF,

Finite R = higher-twist and higher-order (of «,) effects

SLAC parametrizations for R
R1990: L. W. Whitlow et al., PLLB 250 (1990) 193; R1998: K. Abe et al., PLB 452 (1999) 194.
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Nuclear modifications of
structure functions F,



Nuclear modifications at SLAC and JLab
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Nuclear modifications of structure function F,
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Reference for modification mechanisms: % Nuclear binding

D. F. Geesaman, K. Saito, A. W. Thomas,
Ann. Rev. Nucl. Part. Sci. 45 (1995) 337.
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Binding and Fermi motion

Convolution: W, (p,,q)= jd“p S(p) W, (py»9) i

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

In a simple shell model: S(p)= 2 ?.( ﬁ)‘25 (pp—M, —¢€,) Separation energy: &,
i

v .
Projecting out F,: F,'(x,0°)= ZIdzﬁ(Z)FZN(X/Z,QZ) fi@)=[d'pz a[z _;;qu]

Xl

lightcone momentum distribution for a nucleon i
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My My M, M,v
E'(x,0*)=F," (x/098,0%)

V4

If f,(z) were f,(z) = 6(z—1), there is no nuclear

modification: ;' (x,0°) = F;" (x,0°). For x = 0.60, x/0.98=0.61
Because the peak shifts slightly (1— 0.98), FY(x=061) 0.021
nuclear modification of F, is created. = =——=0.88
F," (x=0.60) 0.024
0.98
f(2) | e
Fermi motion
— k020 7k A
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Nuclear modifications of
structure-function ratio R

S. Kumano, arXiv:2506.18305



Experimental situation on nuclear modifications of R

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

HERMES “N/D, 3He/D
(2000, 2003)
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JLab measurements for the deuteron (2007)

V. Tvaskis et al., PRL 98 (2007) 142301 deuteron — proton
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Nuclear modifications exist in R theoretically = M. Ericson and S. Kumano
PRC 67 (2003) 022201
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Nuclear modifications of R in a nucleus

Convolution: Wﬂﬂ(pA,q)zjd"p S(PIW ,(Py-q) 7.
S (p) = Spectral function .
= nucleon momentum distribution in a nucleus
N

In a simple shell model,

9, (13')‘25(1)0 -M, —¢&;), & =Separation energy

S(p)=2,

o 1 v DD,
Projection operators of F, F, , and F;, from W  =-F M—(g‘” Sl ]+ F, p"f
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Theoretical nuclear modifications of R
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e It should be prominent at small Q°.



Results for the deuteron
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* Modifications of R are large at small Q°.

* However, modifications exist even at large Q*
because x dependent functional forms are
different between F, and 2xF,.



We have been assuming nuclear modification does not exist in R.

For example, in the polarized PDF analysis

Experimental data are shown by the spin asymmetry

g,(x,0%) F,(x,0%)
F(x,0%)’ 2x [1+R(x,07) ]
In global analyses for obtaining the longitudinally-polarized PDFs,

E(xan) -

A,(x,0%) =

the same function (x,0?) is uased for the deuteron and *He data.

One needs to be carful about the nuclear modifications of R

as studied in this work, especially for large nuclei.

* 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 4 increases.
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JLab experiment for R in 2026

Update of Experiment E12-06-104 JLab experiment E12-06-104

Measurement of the Ratio R = o /or for R will run in 2026,
in Semi-Inclusive Deep-Inelastic Scattering . 2
July 01, 2010 so it would be nice to study

possible nuclear modifications.
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Hampton University, Hampton, VA 23668
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Duke University, Durham, NC 27708
P. Markowitz
Florida International University, University Park, FL 33199
G. Niculescu, I. Niculescu
James Madison University, Harrisonburg, VA 22807
X.D. Jiang
Los Alamos National Laboratory, NM 87545

D. Dutta In future, we expect
Mississippi State University, Mississippi State, MS 39762 -
GM. Huber to have EIC experiments.
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Summary F, (+Q’/v’)F,-2xF,

R =

/7 2xF,

* 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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