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11.12 Q2 dependence of different form factors of P13 resonance. From left to right panel: 
C^, Cy, and as mentioned in Eq. (11.82); as mentioned in Eq. (11.97); and
C"'p, i = 3,4,5 as mentioned in Eqs. (11,84)-(l 1.86). 452

11.13 Feynman diagram for the decay of a spin 3/2 resonance in a nucleon and a pion. 455
11.14 Generic Feynman diagrams for the s, t, and u channel Bom terms. 464
11.15 Effect of explicit symmetry breaking. 470

470

481
12.2

489
12.3

493
12.6

495
12.7

498
12.8

499
12.9

501
12.10

508

12.4
12.5

502
505

11.16
12.1

12.11

13.1

490
491

Figure depicting the infinitely steep potential in the cr direction.
Feynman diagrams contributing for the process W'N —> N'n±'0, where (W! = 
W2*2 ;i = ±) for the charged cunent processes and (W! = Z° ;i = 0) for the 
neutral current processes with N, N' = p or n.
Total scattering cross section for the processes v^p -> p~pn+ (left panel) and 
v^n —> p-prt0 (right panel).
Total scattering cross section for neutral current neutrino induced pion production 
processes with deuteron effect and with no cut on W.
Feynman diagrams for the processes v/v(fc) + N(p) —> ^(Z/) + + N'(p').
Total scattering cross section for the charged current t] meson production for the 
processes v^ + n —> p~ + q + p and + p —> p+ + p + n.
Feynman diagrams corresponding to the (anti)neutrino induced AS = 0 associated 
particle production processes.
Cross section for neutrino (left) and antineutrino (right) induced | AS| =0 associated 
kaon production processes.

> Feynman diagrams for the process vN —> IN'K. The first row from left to right: 
contact term (labeled CT in the text), kaon pole term (KP); second row: u channel 
diagram (CE, CA) and pion (eta) in flight (zrP, t]P).
Contribution of the different terms to the total scattering cross section for the + 
p —> p~ + K+ + p (left panel) and + n —> p~ + K° + p (right panel) 
processes.
Feynman diagrams for the process vN —» IN'K. The first row from left to right: 
s channel E, A propagator (labeled SC in the text), s channel E* resonance (SCR); 
second row: kaon pole term (KP); contact term (CT) and last row: pion(Eta) in flight 
(nP/pP).
Total scattering cross section for the processes v^p —> p+pK~ and v^n —> p+nK~. 
e~ —12 C scattering cross section (a) Left: 0 = 80°, Q2 —> 0.06 GeV2. The elastic 
peak is evident at low energy transfer; the excitation of nuclear levels can be seen 
with increase in energy transfer, (b) Right: 0 — 135°, Q2 ~ 0.1 GeV2.
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13.2 e —4 He scattering cross section for the beam energy Ee = 400 MeV (a) Left: 
e = 45°, Q2 -> 0.08 GeV2, (b) Right: 0 = 60°, Q2 0.1 GeV2.

13.3 Electron-proton double differential scattering cross sections at Ee= 4.879 MeV; lab 
scattering angle 0 = 10°.

13.4 (a) Left: electron-muon scattering (b) Center: electron-proton elastic scattering, and 
(c) Right: electron-proton deep inelastic scattering.

13.5 Charged lepton-nucleon inclusive scattering process.
13.6 Left: A virtual photon interacting with a hadron; Right: A virtual photon interacting 

with a point Dirac particle inside a hadron.
13.7 Q2) vs. Q2 at a fixed x = 1. Experimental data are from SLAC.

13.8 A rapidly moving hadron.
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.
13.10 Parton density distribution functions using MMHT PDFs parameterization at leading 

order for 2 GeV2 < Q2 < 10 GeV2.

13.11 Fen(x) Experimental measurements for (
case of electromagnetic interaction.

vs. x for proton and neutron targets in the

13.12 Experimental measurements for (x) — F^Çx) vs. x for proton and neutron 
targets in the case of electromagnetic interaction.

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, Q2) =

rgM(x,Q2)
2xFfM(x,Q2) ’

13.14 Head on collision of a quark with a virtual photon. À and A' denote the initial and 
final helicity states.

13.15 Variation of kinematic variables such as x, y, and IV is shown in the Q2 — v plane.
13.16 (a) Feynman diagram for the (anti)neutrino induced deep inelastic scattering process,

(b) Summation over the final hadronic state X and its amplitude square corresponds 
to the scattering cross section.

13.17 Feynman representation for leptonic and hadronic vertices (left and right columns) 
in the case of weak interaction. Feynman diagram showing the v — N scattering for 
the summed over hadronic states X.

13.18 Feynman diagram for W1 interactions with quarks and antiquarks.
13.19 Experimental observations for the th rule.
13.20 Charged current total cross section for v/ — N and Vj — N processes.
13.21 Feynman diagram for the neutral current v/(v/) - N DIS process.
13.22 Charged and neutral current (anti)neutrino differential cross sections by CHARM 

collaboration.
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13.23 Experimental results of nucleon structure functions for (i) Top panel: electromagnetic 

interaction induced DIS process, (ii) Bottom panel: weak interaction induced DIS 
process. 540
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13.24 Diagrammatic representation of (i) upper panel: the process 7*q —> g and (ii) lower
panel: the process y*g —> qq. 541

13.25 Diagrammatic representation of splitting functions. 542

13.26 Evolution of parton density distribution functions using MMHT PDFs
parameterization from leading order to next-to-next-leading order at Q2 = 2 GeV2. 543
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without TMC by using MMHT PDFs parameterization at NLO for Q2 ~ 2 GeV2. 546

13.29 Twist-4 coefficient in the renormalon approach for F^M(x,Q2) and F^M(x, Q2) 
obtained by using MMHT PDFs parameterization at NLO for Q2 = 2 GeV2 and
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13.30 Experimental observations for the Adler sum rule. 550

13.31 Allowed kinematical region for V/ — N scattering in the Q2 — v plane for Ev=3
GeV(left panel) and Ev=7 GeV (right panel) for Q2 > 0. 552

13.32 F? structure function data on protons from SLAC and Jefferson Lab in the resonance 
region for 0.06 < Q2 < 3.30 GeV2. The solid curve is a fit to deep inelastic data at
5 GeV2. 553

13.33 W2 distribution of v^-water target interactions in GENIE showing the quasi-elastic 
scattering, the resonance interactions, and the DIS region. The IV distribution is 
further split into the three regions, KNO scaling-based model only region, PYTHIA
only region, and the transition between the two regions used in the AGKY model. 554

13.34 Diagrammatic representation of resonance excitations for I + N —» I + R. 555
13.35 Top left panel: Duality for the isoscalar nucleon F^N structure function. F^ vs. Ç,

for Q2 = 0.2,0.5,1 and 2 GeV2, compared with several leading twist
parameterizations at Q2 = 10 GeV2. Top right panel: Ratio of the integrated 
F^ in the resonance region to the leading twist functions (valence and total). Bottom 
left panel: Duality for the isoscalar nucleon 2xFfN structure function vs. Ç. The 
results are compared with the MRST parameterization at Q2 = 10 GeV2, using 
Fi and F2 (dotted) and the Callan-Gross (CG) relation, F2 = 2xFi (dot-dashed). 
Bottom right panel: Ratio of the integrated 2xF^ in the resonance region to the 
leading twist function. 557

13.36 Figure from (upper) Comparison of the Rein-Sehgal F2 structure functions vs. Ç for 
neutron, proton, and the isoscalar nucleon target at Q2 - 0.4, 1 and 2 GeV2 (left to
right in each figure) with the appropriate DIS scaling functions at Q2 = 10 GeV2. 559

13.37 Duality for the neutrino-nucleon F^, 2xF^N and xF^ structure functions in the 
resonance region at several Q2 values, indicated against their spectra. (Left) F^N vs. 
£. The results are compared with leading twist parameterizations (valence and total) 
at Q2 = 10 GeV2. (Center) 2xFjN vs. £. The results are compared with the exact 
expression in Eq. (11.46) (dotted) and Callan-Gross relation (dot-dashed). (Right)
xF^n vs. Ç. The results are compared with several leading twist parameterizations. 559
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Figures________________________________________________________________________________________ xxxi

15.4 Pion production inside a nuclear target and its interaction with the nucleons in the
nucleus while coming out. 621

15.5 A neutrino induced reaction on a nucleon target when a pion is absorbed in the
nuclear medium while coming out. 621

15.6 Definition of impact parameter in scattering processes at high energies. 622
15.7 and for the v'u(Vu) induced charged current one 7r+(7r_) process on 12C

target at Ev = 1 GeV. 624
15.8 cr for (v^) induced charged current incoherent zr+ (zr~) production on 12C target. 625
15.9 Comparison of theoretical and event generator calculations for the differential cross 

sections in pion kinetic energy with the MiniBooNE CH2 CC 17t+ production
data. 625

15.10 (/(Ev) vs. Ev for coherent 7r+ production in 12C 626

15.11 (a) vs. — q2 at Ev=l GeV, for coherent 7T+ production in 12C nucleus without
(dotted), with(dashed) nuclear medium effects and with nuclear medium and pion 
absorption effects (solid), (b) vs. at Ev=l GeV. 627

15.12 (^(E^) vs. for n~ & zr0 production in 12C, in the A dominance model and via
intermediate hyperons. 629

15.13 Feynman diagrams for NC photon emission. The first two diagrams are direct and
crossed baryon pole terms with nucleons and resonances in the intermediate state 
(N,A (1232), N*(1440), N*(1520), etc.) The third diagram represents t channel 
meson (7t,p,cv) exchange contributions. 630

16.1 The deep inelastic charged lepton (a) and (anti)neutrino (b) scattering processes with
bound nucleons for the electromagnetic and weak interactions, respectively. 632

16.2 Ratio R(x, Q2) = ^(x q2) ’ = target nucleus) vs. x shows the nuclear medium
effects in structure function. 633

16.3 Of and a? separation using Rosenbluth technique. 637
16.4 The A-dependence of the nCTEQ bound proton PDFs at the scale Q = 10 GeV for

a range of nuclei from the free proton (A = 1) to lead (A — 208). 642
16.5 Nuclear correction factor R for the structure function F2 in neutrino and antineutrino

scattering from Fe for Q2 = 5 and 20 GeV2. 643
16.6 DIS cross section ratios as a function of x for MINERvA data points and various

parameterizations of x-dependent nuclear effects. 644

16.7 Differential scattering cross section vs. y, at different x for v^— 56Fe DIS
process at Ev = 65 GeV. 644

16.8 Representation of neutrino self-energy. 647
16.9 (a) Free field fermion propagator, (b) The term that contributes to the neutrino

self-energy in the lowest order. 648
16.10 Diagrammatic representation of the neutrino self-energy. 649
16.11 Diagrammatic representation of intermediate vector boson IV self-energy. 650



xxxii Figures

16.12 Diagrammatic representation of nucleon self-energy in the nuclear medium. 651
16.13 Results for S/!(<x’,p) vs. w are shown for (a) p < pF and (b) p > pF in various

nuclei like 12C, 40Ca, 56Fe, 120Sn, and 208Pb. 655
16.14 Neutrino self-energy diagram accounting for neutrino-meson DIS (a) the bound

nucleon propagator is substituted with a meson (nor p) propagator (b) by including 
particle-hole (lp-lZz), delta-hole (lA-IZz), lplh — lAIZz, etc. interactions. 657

16.15 R(x, Q2) — (i = 2,3) vs. Q2 in 56Fe and 208Pb using the full model. 663

16.16 Results are shown for the weak nuclear structure function F^(x, Q2) vs. x at Q2 =
2, 5 GeV2, in 12C, 56Fe and 208Pb. 664

16.17 F™(x, Q2) vs. Q2 in 56Fe using the full model. 665

16.18 F™(x, Q2) vs. Q2 in 208Pb using the full model. 666

16.19 Results for the ratio R'(x, Q2) = fEM(xQ2) ; (z = 1/2) obtained by using the

full model at NLO in A — 12C, 56Fe and 208Pb at Q2 = 5 and 20 GeV2. 667
1 d2am16.20 J- dx-^y vs. y are shown at different values of x for the incoming beam of energy

E = 35 GeV. 668
17.1 Different sources of neutrinos. 669
17.2 Neutrino flux as a function of neutrino energy. 670
17.3 Proton-proton chain. 671
17.4 Carbon-nitrogen-oxygen cycle. 672
17.5 Solar neutrino spectrum in the SSM. 673
17.6 Primary cosmic ray flux for the proton (top line with experimental points) and alpha

particles (bottom line with experimental points). 677
17.7 Rigidity cut off. 678
17.8 Primary cosmic ray flux for the proton showing knee, ankle, and GZK region. 679
17.9 Schematic diagram of the production of atmospheric neutrinos. 680

17.10 Fractional contribution of pions and kaons to the flux of muons and neutrinos. 680
17.11 p+ (solid line) and p~ (dashed line) fluxes as a function of the muon momentum 

at the INO, Super-K and South Pole by integrating over all the zenith and azimuthal
bins for the two different heights from the sea level, as well as at the sea level. 681

17.12 All-direction averaged atmospheric neutrino flux for four sites averaging over one 
year. KAM stands for the SK site, INO for the INO site, SPL for the South Pole, and
PYH for the Pyhäsalmi mine. 682

17.13 Typical antineutrino spectra. 685
17.14 Supernova (a) neutrino and (b) antineutrino fluxes. 690
17.15 ve energy distributions for (1) 238U (solid), (2) 232Th (dotted), and (3) 40K (dash-dotted)

decay. 693
17.16 Typical sketch of neutrino beam production by accelerators. 695



17.17
17.18
17.19
17.20
17.21

17.22

17.23
17.24

17.25
18.1

18.2

18.3

18.4

18.5

18.6

18.7

18.8

18.9
18.10
18.11
18.12

Figures XXXlll

Flux of neutrinos from the older generation accelerators. 697
Set up for the narrow band beam (top) and wide band beam (bottom). 698
MiniBooNE spectra for neutrino (v^) (left) and antineutrino (fy) (right). 698
MINERvA spectra for low energy neutrino (vf() (left) and antineutrino (Vu) (right). 698 
Neutrino spectrum for on-axis and different off-axis angles obtained by the T2K 
experiment. 700
Neutrino spectrum obtained from the various sources when at rest: zr and DAR (left),
KDAR (center) and IsoDAR (right). 702
Schematic diagram of a muon storage ring. 704
Neutrino (solid line) energy spectrum obtained with 18Ne boosted at 7 = 250 and 
antineutrino (dashed line) energy spectrum obtained with 6He boosted at 7 = 150. 705
Tests of fundamental physics accessible with neutrinos of different energies. 706
The top figure represents a no oscillation case where at “A”, vKs are produced along 
with 1+ and travel a short distance, and at “B”, the same number of are detected 
through charged current interactions (va,Z^). The bottom figure represents an 
oscillation case, where at “A”, vtts are produced along with and travel some 
distance, and at “B”, some of the charged leptons of flavor Iß are observed which is 
only possible when on the way, a few va get converted into up. 712

Oscillation probability vs. j? curve for sin2 20 = 0.83. (a) shows no oscillation 
scenario in the region ^5 > > j , (b) shows the threshold condition for oscillation
at ^2 ~ F an(l (c) shows the oscillation scenario in the region ^2 << j • 715
Transition probability curve for two-flavor neutrino oscillations for different values 
of L. 717
Transition probability curve for two-flavor neutrino oscillations for different values 
of Am2. 717
Losc curves obtained using Eq. (18.30) at Ev=l GeV and 3 GeV, for Am2 — 2.5 x 
10~3eV2 and sin2(20)=l. • 718
Appearance probability curve in three-flavor neutrino oscillations for different values 
of ôcp. 728
Appearance probability curve in three-flavor antineutrino oscillations for different 
values of òqp- 728
A three-neutrino (mass)2 spectrum in which the V2 — Vi splitting Am2 is much 
smaller than the splitting AmJig between V3 and the — 17 pair. The later pair 
may be at either the bottom or the top of the spectrum. 729
Matter density variation inside the sun. 732
Matter density variation inside the earth. 733
(a) Charged current interaction (left), (b) Neutral current interaction (right). 734
Oscillation probability for v and v in matter and vacuum as illustration of matter 
effect. Normal and inverted hierarchy, using NOvA experiment parameters, L = 810 
km, E = l-6GeV, Am2 = 2.5 x 10“3eV2, 0 = 8.9°. 740



xxxiv Figures

18.13 Pictorial representation of normal neutrino mass ordering and mixing for the three 
(left) and four (right) neutrino picture. 746

19.1 Origin of the elements through different processes. 749
19.2 Formation of the elements in the universe through the Big Bang nucleosynthesis, 

stellar nucleosynthesis, and the supernova nucleosynthesis by the s- and r-processes. 750
19.3 Neutrino driven wind. 751
19.4 Timeline of the Big Bang. 753
19.5 Interstellar cloud and the shock wave hitting the cloud. 757
19.6 (a) Accumulation of the matter of the interstellar cloud in a region, (b) Hydrostatic

equilibrium. 758
19.7 The Hertzsprung-Russell diagram: This classifies stars according to their luminosity,

spectral class, surface temperature and evolutionary stage. 759
19.8 The future of sun (a red giant). 761
19.9 Different layers of a red supergiant. 762

19.10 Planetary nebula and the white dwarf. 763
19.11 Onion like layers in the core of a massive star (A4star = 25A4q). The table shows

the duration of fusion taking place during the fusion of various elements. 765
19.12 Photodisintegration of iron nucleus. 766
19.13 Type la supernova explosion. 768
19.14 Slow neutron capture process. 769
19.15 Rapid neutron capture process. 770
19.16 Two merging neutron stars. 772
20.1 (a)(A,Z) —> (A,Z + 2) + e + e + ve + ve and (b)(A,Z) —> (A, Z + 2)

+ e~ +e~ Til
20.2 nn —» pp + e~ + e~ 777
20.3 Flavor changing neutral current processes in higher order loop diagrams in SM. 790
20.4 Flavor changing neutral current processes in some models beyond the standard model

(BSM) physics. 790
A. 1 Lorentz transformation. 795
B. l Baryon octet 809
B.2 Pseudoscalar (/p = 0-) and vector (Jp = 1~) meson nonet. 810



Tables

2.1 Transformations of Dirac spinor and adjoint spinors under various symmetry
operations. 92

2.2 Transformations of Dirac bilinear covariants under various symmetry operations. 93

5.1 ft values from super-allowed Fermi decays. 175
5.2 The columns list the parent nucleus in the transition, the initial, and final spins,

and the transition type. F stands for a pure Fermi transition and GT stands for a 
Gamow-Teller transition. 176

5.3 Nucleon operators for the decay n —> e~ve in the relativistic and non-relativistic
limits, where j [7^, yv], and ips are the nuclear wave functions. 178

5.4 Values of the coefficients A and B appearing in Eq. (5.67). 187
5.5 Electron and muon families with their respective lepton numbers. 189

5.6 Michel parameters in V — A theory and their values determined in the experiments. 197

5.7 Decay modes of tau lepton. 212
5.8 Michel parameters of the T lepton. 214

6.1 Quarks are spin fermions with baryon number they have been assigned positive 
parity. Q(|e|) is the quark’s charge in the units of electronic charge, I is the isospin 
and its 3rd component is I3. S, C, B, and T stand for the strangeness, charm, bottom,
and top quantum numbers, respectively. 215

6.2 Mesons (Jp — 0~) and their properties: quark content, J represents angular 
momentum, P the parity, I the isospin, I3 the 3rd component of I, S the strangeness,
M the mass and t the lifetime of a given meson. 216

6.3 Baryons (Jp = j+) and their properties: quark content, isospin(I) and its 3rd 
component (I3), total angular momentum (J) and parity (P), strangeness (S), mass
(M), and lifetime(T). 216

6.4 Decay modes with the corresponding branching ratios of charged as well as neutral
pions and kaons. 218



xxxvi Tables

6.5 Decay modes of hyperons with branching ratios. Neutron decays to pe~ve with
100% branching ratio. 218

6.6 Production modes of kaons. 234
6.7 Cabibbo model predictions for the /3-decays of baryons. Here, for simplicity, we 

have dropped the superscript A from F, D in gi(0) and gi/fi. The variables used 
in the table are defined as: Vud = cos0£, Vus ~ sin &c, pP = 1.7928^, and
Pn = -1.9130//N. 244

6.8 Results from sin analysis using measured gj /values. 247
6.9 Nonleptonic decays of hyperons. 251

6.10 Predicted cc and bb states with principal quantum numbers n=l and 2, and radial 
quantum number nr = n — L, compared with experimentally observed states. Masses
are given in Me V / c2. 265

6.11 Some of the observed parity violating effects in nucleons and nuclei. A^ represents 
asymmetiy and P^ represents the polarization of the hadron (photon) in the final state. 271

8.1 Weak isospin (I), its third component (1$), charge (Q(|e|)) and hypercharge (Y =
2(Q — I3)) of leptons and scalar mesons in the W-S model with I = e,p, t. 320

8.2 Couplings of the leptons to Zp field. 335
8.3 Isospin (I), its third component (I3), charge (Q(|e|)), and hypercharge (Y = 2(Q —

I3)) of the first and second generation of quarks, that is, (m, d) and (c, s) quarks. 336
8.4 Couplings of the quarks (u, d) to Zp field 337

8.5 Values of sin2 0w calculated from various data sets from different experiments. 341
8.6 Results from selected parity violating (PV) experiments. Asymmetries are given in

parts per million (ppm). 343
8.7 Results from selected PV experiments. Asymmetries are given in ppm. 346
8.8 Experimental determinations of the ratios gt / gv. 355
8.9 Branching ratios of the Higgs boson decays. 360
9.1 Values of a, ß, and 7 for Vp£~, Vpë~, vee~, and vee~ scattering. 373

9.2 Measured values of the total cross section and sin2 0[v from different experiments
for Vp£~ and Vpe~ scattering at 90% confidence level. 375

9.3 Cross section of neutrino-electron vee (vee) scattering processes from different 
experiments. 8 Region in visible energy [1.5-3.0] MeV. b Region in visible energy
[3.0—4.5] MeV. 376

9.4 Magnetic moment of neutrinos as measured by the different experiments. 377
10.1 Recent measurements of the axial dipole mass (M^). 410
11.1 Charged and neutral current induced inelastic processes. N, N' represents protons 

and neutrons, Y = A, S represents hyperons, K — K+,K° represents kaons, K —
K~, K° represents antikaons, and I = e,p,T represents leptons. 426

11.2 Properties of the spin 1/2 resonances available in the Particle Data Group (PDG) 
Breit-Wigner mass Mr, the total decay width T, isospin I, parity P, and the branching
ratio of different meson-baryon interactions like Nrr, Nr], KA, and KZ. 427



Tables xxxvii

11.3 Properties of the spin 3/2 resonances available in the PDG with Breit-Wigner mass
Mr, the total decay width T, isospin I, parity P, and the branching ratio of different 
meson-baryon interactions like Nzr, Nt], KA, and KY.. 428

11.4 Properties of the meson (pion and kaon) resonances available in PDG with Breit-
Wigner mass Mr, the total decay width T, isospin I, spin J, and parity P. 428

11.5 Properties of the spin 1/2 and 3/2 hyperon resonances available in PDG with Breit-
Wigner mass Mr, the total decay width T, isospin 1, spin J, and parity P. 429

11.6 MAID parameterization of the transition form factors for the spin 1/2 resonance 
on a proton target. AK(0) is given in units of 10-3GeV-2 and the coefficients 
«1, Ü2, «4, hi in units of GeV-2, GeV-4, GeV-8, GeV-2, respectively. For all fits, 
«3 = 0. For Sn(1535), S3i(1620), and Su (1650), resonance «2 and a4 are taken to
be 0. 436

11.7 MAID parameterization for a neutron target («2,3,4 — 0) for spin 1/2 resonances. 437
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 («2,3,4 — 0) for spin 3/2 resonances. 449

11.10 Expressions for O? (V), i = 1 — 6 and O? (A), i = 1 — 8, where P = p + p'. 465

12.1 The values of constant term (>V) 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. is the pion weak decay constant and gj is nucleon axial 
vector coupling. 482

12.2 Coupling constant (CK) for spin g and spin g resonances in the case of charged
current induced processes. Here, /* stands for R\/2 —> Nrt coupling which for 
A(1232) resonance is /nazi and is /NR1/27r(/NR3/27r) for spin g (g) resonances. 485

12.3 The standard form factors for weak CC transitions of the SU(3) baryon octet. 496
12.4 Constant factors appearing in the hadronic current. The upper sign corresponds to

the processes with antineutrinos and the lower sign to that with neutrinos. 496
12.5 Values of the parameters appearing in the hadronic currents. 500
12.6 The physical states of the decuplet. 503

12.7 Constant factors appearing in the hadronic current. 505
13.1 Kinematical quantities for hadron and parton. 518
14.1 Parity of vector and axial vector multipoles. 573

14.2 Binding energy, and Q value of the reaction for various nuclei. The last three 
columns are the parameters for MHO and 2pF densities. * is dimensionless for the
MHO density. 584

15.1 Coefficients used in Eq. (15.24) for the calculation of ImZ^ as a function of energy
in the case of pion nuclear scattering. 612

15.2 Coefficients used for an analytical interpolation of C(Tn) of Eq. (15.25). 613



xxxviii Tables

16.1 Some of the experiments which studied (anti)neutrino induced DIS cross section and
structure functions from nuclear targets. 638

16.2 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. 641

17.1 Solar neutrino detectors and their main characteristics. LS stands for liquid scintillator
detectors. 676

17.2 Atmospheric neutrino detectors. 684
17.3 Reactor (short baseline) neutrino detectors. 687
17.4 Reactor (long baseline) neutrino detectors. 687
17.5 Supernova neutrino detectors. 689
17.6 Geoneutrino detectors. 694
17.7 List of accelerators. 700
17.8 Accelerator (short baseline) neutrino detectors. 701
17.9 Accelerator (long baseline) neutrino detectors. 701
18.1 The impact of matter potential in various medium. 736
18.2 Am2 reach of experiments using various neutrino sources. These experiments have

different L and E range. 742
18.3 Neutrino oscillation experiments sensitive to different Qij and Am?-. 742

18.4 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 m\ < m2 < 
m3 (m3 < mj < m2). The definition of Am2 used is: Am2 = m2 — Thus,
Am2 = Am|, — > 0, if mj < m2 < m3 and Am2 = Am^ + < 0, for
m3 < mx < m2. 743

19.1 Different neutrino processes in supernova and proto-neutron star matter. 752
20.1 Some of the measured values of T2/2 in various nuclei. 776

20.2 T°y2 and (rttßß) limits (90% C.L.) from the most recent experiments on Ovßß in
various nuclei. 778

20.3 Table for rare leptonic processes with lepton flavour violation (LFV). 788
20.4 Rare hadronic processes with lepton flavor violation (LFV). 789
20.5 Recent experimental limits of FCNC kaon decays. 790
20.6 Recent values of various couplings Q (t = V, A, S, T) determined from ß decays. 793
B.l Values of the structure constants and d^. 810
B.2 Values of the coefficients a and b given in Eqs. (B.23) and (B.24). 815


