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8 = 45°, Q% — 0.08 GeV?, (b) Right: = 60°, Q% — 0.1 GeV2. 509

13.3 Electron—proton double differential scattering cross sections at E,= 4.879 MeV; lab
scattering angle 8 = 10°. 510

13.4 (a) Left: electron—muon scattering (b) Center: electron—proton elastic scattering, and
(c) Right: electron—proton deep inelastic scattering. 511
13.5 Charged lepton—nucleon inclusive scattering process. 512

13.6 Left: A virtual photon interacting with a hadron; Right: A virtual photon interacting
with a point Dirac particle inside a hadron. 515
13.7 VW;:;VI (v, QZ) vs. Q% at afixed x = ‘lu Experimental data are from SLAC. 516
13.8 A rapidly moving hadron. 517

13.9 Figure on the left depicts the incoherent sum of the contributions and figure on the
right represents momentum shared by the charged partons. 517

13.10 Parton density distribution functions using MMHT PDFs parameterization at leading
order for 2 GeV? < Q? < 10 GeV2. 520

13.11 Experimental measurements for ;25:5—3 vs. x for proton and neutron targets in the

2

case of electromagnetic interaction. 521

13.12 Experimental measurements for F,’ (x) — F§"(x) vs. x for proton and neutron
targets in the case of electromagnetic interaction. 521

13.13 Left panel: Experimental verification of the Callan—Gross relation for the spin 1/2
nature of quarks. Right panel: Experimental results for the ratio of REM(x, Q?) =

FEM(x,Q%)
2xFEM(x,0Q%) 524
13.14 Head on collision of a quark with a virtual photon. A and A’ denote the initial and
final helicity states. 525
13.15 Variation of kinematic variables such as x, y, and W is shown in the Q2 — v plane. 526
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panel: the process y*g — 44.
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541
542

543

545

546

547
550

552

553

554
555

557

559

559



Figures

XXX
14.1 Charged current induced total scattering cross section per nucleon per unit energy of
the incoming particles vs. neutrino (left panel) and antineutrino (right panel) energy. 563
14.2 Diagrammatic representation of Pauli blocking. 567
14.3 Neutrino—nucleus scattering in the impulse approximation. 569
14.4 Neutrino—nucleus scattering with (a) final state interactions (b) exchange currents
due to mesons and (c) exchange currents due to A. 570
14.5 Nucleons in a square well potential states. 580
14.6 Fermi momentum pg(r) versus r for various nuclei. 584
14.7 Diagrammatic representation of the particle-hole (p — h) excitation induced by W(Z)
boson in the large mass limit of IVB (MW(Z) — o0). 585
14.8 RPA effects in the 1p — 1h contribution to the W / Z self-energy, where particle-hole,
A-hole, A-A, etc. excitations contribute. 590
14.9 Ratio %4 ﬁé N s, E,, for neutrino (left panel) and antineutrino (right panel) induced
processes in 12C, 40Ar, 56Fe, and 2%8Pb. 596
14.10 fp vs. py, for the v,(7,,) induced reactions on 12C target at E, = 1 GeV. 597
_ Otree — Umodel
14.11 The fractional suppression in cross section d0,odel(= ——U———) vs. E,,
fr
where Ofee iS the cross section obtained for free nucleons and amod;eis the interacting
nucleon cross section in “°Ar obtained by using different nuclear models. 597
14.12 A; = M()”(ﬁ‘«) for neutrino (left panel) and antineutrino (right panel) induced
processes in 12C and 40Ar targets. Here, I stands for the results of the cross sections
obtained (i) for the free nucleon case (solid line), (ii) in the local Fermi gas model
(dashed line) and (iii) for LFG with RPA effect (dashed dotted line). 598
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and N — A correlations. Solid (dashed) lines denote nucleon (pion) propagators.
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Properties of the spin 1/2 resonances available in the Particle Data Group (PDG)

Breit—Wigner mass Mg, the total decay width I', isospin I, parity P, and the branching
ratio of different meson—baryon interactions like N7t, Ny, KA, and KX.
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11.8 MAID parameterization of the transition form factors for the spin 3/2 resonance
on a proton target. Different components of this table have the same meaning as in
Table 11.6. 449
11.9 MAID parameterization for neutron target (4,34 = 0) for spin 3 /2 resonances. 449
11.10 Expressions for O?(V),i =1-—6and Of‘(A),z’ =1—-8,whereP=p+p'. 465
12.1 The values of constant term (A) appearing in Eq. (12.6), where i corresponds to the
nucleon pole (NP), cross nucleon pole (CP), contact term (CT), pion pole (PP), and
pion in flight (PF) terms. f is the pion weak decay constant and g; is nucleon axial
vector caupling. 482
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12.7 Constant factors appearing in the hadronic current. 505
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Some of the experiments which studied (anti)neutrino induced DIS cross section and
structure functions from nuclear targets.

The developments in the global DGLAP analysis of nPDFs since 1998. DIS: deep
inelastic scattering; DY: Drell-Yan di-lepton production; nFFs: nuclear fragmentation
functions.

Solar neutrino detectors and their main characteristics. LS stands for liquid scintillator
detectors.

Atmospheric neutrino detectors.

Reactor (short baseline) neutrino detectors.

Reactor (long baseline) neutrino detectors.

Supernova neutrino detectors.

Geoneutrino detectors.

List of accelerators.

Accelerator (short baseline) neutrino detectors.

Accelerator (long baseline) neutrino detectors.

The impact of matter potential in various medium.

Am? reach of experiments using various neutrino sources. These experiments have
different L and E range.

Neutrino oscillation experiments sensitive to different ;; and Amlzj

The best fit values of the three neutrino oscillation parameters from a global fit of the
current neutrino oscillation data. The values (in brackets) correspond to 17 < my <

.. 2 . 2 2 m2+m2
m3 (m3 < my < my). The definition of Am? used is: Am* = m5 — —25—L. Thus,

Am3 . 2
Am2 = Am3y = 278 > 0,if my < my < m3 and Am? = AmZ, + 252 < 0, for

my < my < ma.

Different neutrino processes in supernova and proto-neutron star matter.
Some of the measured values of 12}’2 in various nuclei.

szz and (mgg) limits (90% C.L.) from the most recent experiments on Ovgg in
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Rare hadronic processes with lepton flavor violation (LFV).
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