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General process for the deep inelastic scattering is
I(k) + N(p) — I'(K") + X(p'), I,I"=e*,u* v, 21, N=n,p

Kinematic variables
» Incoming neutrino energy:
E, = Epag + EM'
» Square of the four momentum m/m
transfer: Q2 = 4E, E,sin®(%).
» Invariant mass of the hadronic shower:
W = /M3 + 2EnagMy — Q2.
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» Bjorken-x of the event: x = 2%(\1‘?75”1

> Inelasticity : y = %



Differential Scattering Cross Section
v() — N scattering The differential cross section:

dxdy  m(l+Q2/M7,)?
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Longitudinal Structure Function:

M22

Fin = <1+ Q2

> FgN(X Q )— 2XF1N(X Qz)

Fin(x, Q%) = % [(1 + AZ;2> Fon(x, Q%) — Fin(x, Q )}

Y ] Fin(x, Q)



For charged lepton scattering on protons
4
FP(x @) = gx(ulx, @)+ i(x, Q) + clx, @) + &(x, Q%))

+ 5x(d0x, @)+ d(x, @)+ s(x, @) + 5(x, @)

for a neutron target isospin swapping gives

FPGO Q) = gx(d(x @)+ dlx, @)+ clx, @) + &(x, @2))

+ éx(u(x, Q%) + i(x, Q%) + s(x, @%) + 5(x, Q%))



For charged current anti(neutrino) scattering on protons:

FP = 2x(d(x, Q) + s(x, Q%) + il(x, @) + &(x, @),
xFyP = 2x(d(x, @) + s(x, Q%) — i(x, Q%) — &(x, Q%))

FP = 2x(u(x, Q%) + c(x, Q) + d(x, Q%) + 3(x, Q%)),
xFP = 2x(u(x, Q) + c(x, Q) — d(x, Q) — 5(x, Q?)),
For charged current anti(neutrino) scattering on neutrons:
Fm = 2x(u(x, Q%) + s(x, @) + d(x, @) + &(x, Q%))
xFY" = 2x(u(x, Q%) + s(x, @) — d(x, Q%) — &(x, Q?)),

F" = 2x(d(x, @) + c(x, Q%) + d(x, @) + 5(x, @),
xFY" = 2x(d(x, Q) + c(x, @%) — i(x, Q%) — 3(x, Q%))



The structure functions for (anti)neutrino scattering on isoscalar
targets are given by

FyN(x, Q%) = x(u(x, Q%) + d(x, Q) + i(x, Q%) + d(x, Q%) + 2s(x, Q?)

FIN(x, Q%) = x(u(x, Q) + d(x, Q%) + i(x, Q) + d(x, Q) + 25(x, Q)
and

XF?,:/N(X7 Q2) - X(U(X7 Qz) + d(Xa Q2) - ﬁ(Xv QZ) - J(X7 Qz) + 25(X7 Q2:

XF3;N(X7 Q2) = X(U(Xv Q2) + d(X7 Q2) - U(Xv Q2) - J(X> Qz) - 2§(Xa QZ:
F> charged lepton-nucleon scattering on an isoscalar target may be
written as
N 5 _ - 1 _ 4 _
F' = —x(u+id+d+d)+ —x(s+5)+ =x(c+7)
18 9 9
The neutrino and lepton structure functions may be related as
follows. Assuming s =5, c(x) = €,
5

5 1 1
IN _ ~ N — 2 - 2y o 7 vN



Next-to-Leading Order(NLO) (Important at low x and
Moderate Q?)

NLO corrections are the Q2 evolution of partons.

» In the naive parton model(No dynamics between the partons),

Fin(x, @) _xofinte Fin(x)

Q2—00,v—00

2 x—finite
Fan(x, Q7)) ————— Fan(x)
Q2—00,v—00
» The QCD improved naive parton model allows quarks to
interact among themselves via the gluon exchange.

» Gluon emission introduces the Q2 dependence in structure
functions.

» As Q? increases more and more gluons are emitted, which in
turn split in to qqg pairs.

Ref: Vermaseren et al. NPB 724(2005) 3
Van Neerven and Vogt NPB 568(2000) 263



Target Mass Correction(Effective at high x and low Q?)

Contribution which are suppressed by power of &

> At finite Q? heavy quarks are produced like charm.

» Heavy quarks production modifiy the scattering kinematics,
therefore
x =&



Target Mass Correction(Effective at high x and low Q?)

Contribution which are suppressed by power of &

> At finite Q? heavy quarks are produced like charm.

» Heavy quarks production modifiy the scattering kinematics,
therefore
x =&

2x M/2v

= —_—, | = —
: 14+ /14 4ux? ! Q?

> Also know as Kinematic Higher Twist Effect.



TMC for details:

053101 (2008)

FTMC X Q2

FlTMC(X, QQ) —
F2TMC(X7 Qz) =

FIM( @7) =

where

|. Schienbein et al., J. Phys. G 35,

Z[A' FOe, @) + Bl 1, Q%) + G g(¢, Q%)
ij=1
l\/I2 2 M
gﬁ“”(a Q) + szz (6 Q) + " o6, Q)
2 6M?3 12 M4 x4
fx— FOe, Q%) + QZNE ho(€, Q%) + Q4N5X 26, Q%),
2 4/\/]2 3 8 4 4
A Q)+ = et ha(6, @) + ol aale @)
2x
¢ = 1+r
22
r = 1+4Mix
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Dynamical Higher Twist Effect (Significant at High x and
low Q?)

Higher twist corrections include multiparton correlation in the
nucleon

1. At low Q? Lepton/Neutrino-nucleon scattering can involve
multiple partons.

2. Compared to the leading twist diagrams (pQCD) the higher
twist diagrams are suppressed by powers of & , SO they are
important at low Q2.

3. This is also the region where the strong coupling constant is
large and pQCD is invalid

2
F2(X, Q2) — FLT+TIVIC(X’ Q2) (1 + D2()(;72Q )) ,

For Details: E. Stein et al. Nucl. Phys. B 536, 318 (1998)
M. Dasgupta et al. Phys. Lett. B 382, 273
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Whitlow's parameterization: Phys. Lett. B 250, 193(1990)

2 2 2.2
2 7° Fan(x, Q%) 2 4Mpyx
2XF1N(X, Q ) 1+ R(X, Q2) ) Y + Q2
where
0.0635 0.5747 0.3534
R 2y — 7 9@ 2 _
Q@) = zj0.0s OX )+ i g0z

Q2 0.1257
2y
O(x, Q%) = 1+12 <Qz+1> (0,1252+x2>



(F,xQ) +F, (xQ) /2
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Comparison of Fy"(x, Q%) with experimental data
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Results of F5)(x, Q?) obtained independently vs W2
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Results of FE(x, Q?) vs W2
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Results of xF¥V(x, Q?)
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Results of Fxeek(x, Q%) vs W2
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Comparison of (@ );XF3 (<Q°) with the experimental

data
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R(x, @?) vs x
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Conclusions

1. It is important to understand uncertainties in the evolution of
nucleon structure function in the wide range of x and Q?
before we conclude the magnitude of nuclear medium effects
in lepton nucleus and neutrino nucleus DIS events.

2. For the evaluation of nucleon structure function we have
performed the calcultions at NLO using various PDFs
available in the literature and included TMC and dynamical
higher twist correction.

3. Our results would be useful both at low Q2 as well as in the
wide energy region of experiments being performed using
nuclear targets.
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nucleon structure function in the wide range of x and Q?
before we conclude the magnitude of nuclear medium effects
in lepton nucleus and neutrino nucleus DIS events.

2. For the evaluation of nucleon structure function we have
performed the calcultions at NLO using various PDFs
available in the literature and included TMC and dynamical
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3. Our results would be useful both at low Q2 as well as in the
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4. This is not the end: Stay tuned for Sajjad Athar’s talk where
he will take this nucleon in to nuclear enviroment.
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