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Kinematics
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Kinematics

. ¥ g Pl =g k=(E, k)
M k'=(E', k)
: "QW,ZO P= M,(_)’)»
N 4 X PX:(EX’pX)

0 Q
(ol

2 2
O O

CFA-2015 9



Kinematics

R\VL\Q')'/ % k:(E ,E)
‘ k'=(E', k")
' ',QW,ZO P = M,O)_}
N 4 X PX:(EX’pX)
= ®——— P, S=(k+PP=M*+2ME
H Q' =—q
v+N->1 +X (CC)
v+ N->1I"+X (CC)
vi+N=>v,+X (NC)
v+N->v,+X (NC)

CFA-2015

10



Kinematics

R\VL\Q')'/ % k:(E ,E)
‘ k'=(E', k")
' ',QW,ZO P = M,O)_}
N 4 X PX:(EX’pX)
= ®——— P, S=(k+PP=M*+2ME
H Q' =—q
v+N->1 +X (CC)
v+ N->1I"+X (CC)
vi+N=>v,+X (NC)
v+N->v,+X (NC)

CFA-2015

11



Kinematics

CFA-2015

12



Kinematics

CFA-2015

13



Simplest case - v e scattering
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Simplest case - v e scattering
e, do G2 M,

dQ? T (M%V i Qz)z
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Simplest case - v e scattering
€, do G2 M,

dQ* .(M%V+Q2)2
S =m2 +2m.E,
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Simplest case - v e scattering
€, do G2 M,

dQ? T .(M%V_FQz)z
S =m2 +2m.E,

S 9 5
0

dQQ T S + MI%V
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Simplest case - v e scattering
€, do G2 M,

dQ* 7 | (M%V+Q2)2

W S — m?
Ly =m; +2m.L,
- S do GZMZ S
7(5) /0 Tk A M2,
G2
form2 < S < My, o(E) ~ WF 2m.F,
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Simplest case - v e scattering
€, do G2 M,

dQ2 ~ © (M3, +Q?)?
S =m2 +2m.E,

S 9 5
0

dQQ T S 4+ MI%V

G2
for mz < S < Mg, o(E)~ — - 2m.E,

M3,

T

for S>> M7, o(E) —
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Simplest case - v e scattering
Ve e do G3% My

dQ? T (M3, + Q?)2
1 v S =mZ+2m.E,
e Ve . o
do G5 M S
()= | qgei® == ST
form2 < S < My, o(E) ~ GF - 2meF,
M3,

for S>> M7, o(E) —

T

At LO QCD just put a quark mass m iInstead of the electron for a v

scattering off a nucleon and sum the contributions from all quarks.

Valence and sea quarks.
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Contributions to the total cross-section

tot __ _(Q)ES 1m 1K DIS
O\/N_OVN ®OVN®O\/N®O\/N
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Contributions to the total cross-section

tot __ _(Q)ES 1m 1K DIS
O\/N_OVN ®OVN®O\/N®O\/N

e Elastic scattering (ES) in case of NC: v +p/n — v+ p/n
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Contributions to the total cross-section

tot __ _(Q)ES 1m 1K DIS
O\/N_OVN ®OVN®O\/N®O\/N

e Elastic scattering (ES) in case of NC: v +p/n — v+ p/n

» Quasi-elastic scattering (QES) for CC; "¢ ™! =L +p
Up +Pp — A +1n
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Contributions to the total cross-section

tot __ _(Q)ES 1m 1K D
O\/N_OVN ®OVN®O\/N®O\/N

IS

e Elastic scattering (ES) in case of NC: v +p/n — v+ p/n

» Quasi-elastic scattering (QES) for CC: "¢ ™ ! =t +p

Vy -

* Single & production (RES): v/ + N — v, (¢~

CFA-2015
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Contributions to the total cross-section

tot __ _(Q)ES 1m 1K D
O\/N_OVN ®OVN®O\/N®O\/N

IS

e Elastic scattering (ES) in case of NC: v +p/n — v+ p/n

» Quasi-elastic scattering (QES) for CC: "¢ ™ ! — L +p

Vy

* Single & production (RES): v/ + N — v, (¢~

-p — 4T

) + N
\" 7

- 1

+ N

e Resonances with masses 1234 MeV < I\/IN* <1970 MeV

are included.
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Contributions to the total cross-section
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¢ Single kaon production: N* — K + 3(A) Very small!
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Contributions to the total cross-section

tot __ _(Q)ES 1m 1K D
O\/N_OVN ®OVN®O\/N®O\/N

IS

e Elastic scattering (ES) in case of NC: v +p/n — v+ p/n

» Quasi-elastic scattering (QES) for CC: "¢ ™ ! — L +p

Vy

* Single & production (RES): v/ + N — v, (¢~

-p — 4T

) + N
\" 7

- 1

+ N

e Resonances with masses 1234 MeV < I\/IN* <1970 MeV

are included.

¢ Single kaon production: N* — K + 3(A) Very small!

e Deep inelastic scattering (DIS): > 2r In the final state X

CFA-2015
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Check model
parameteriation using
data for such ratios.
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¢ Cross-sections grow
proportional to E.

¢ At higher energies just
power-law growth
due to sea-quarks
density increase.
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v.+ N —>17 +X
DONUT - Direct Observation of the NU Tau
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MiniBooNE
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© MiniBooNE employs the
NUANCE v3 event
generator to estimate
neutrino interaction rates
In the CH, target medium.
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© MiniBooNE employs the
NUANCE v3 event
generator to estimate
neutrino interaction rates
In the CH, target medium.

© The most precision expe-
riment. 2-differential
Cross-sections.
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© MiniBooNE employs the
NUANCE v3 event
generator to estimate
neutrino interaction rates
In the CH, target medium.

© The most precision expe-
riment. 2-differential
Cross-sections.

@ Discrepancy between
different experiments data
IS significant.
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© MiniBooNE employs the
NUANCE v3 event
generator to estimate
neutrino interaction rates
In the CH, target medium.

© The most precision expe-
riment. 2-differential
Cross-sections.

@ Discrepancy between
different experiments data
IS significant.

® \WWe avoided discussion of
low energies.lrrelevant for
the future PINGU / ORCA
megaton experi-ments.
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ES and QES off proton/neutron

vi+n=>1 +p

ES
Q v.+p->1 +n vitp/ndvi+pin gs

¢ These processes dominate at low energies.

¢ There is practically no threshold energy for the ES.

o The threshold energy for QES with M = m, orm.
(m - m = 1.293 MeV )
2 2
> (ml+MN'> MNZml(1+ m, )
v 2M, 2 M,
e For t-lepton production with mT/m“ ~ 16.8, mT/mI\| ~1.9
EI/T,th/EI/M,th ~ 30.
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Theoretical approach to QES

In terms of the Mandelstam variables
s=(k+p)? t=-Q*=(k-k)* u=(k-p)?
the differential cross-section of QES
d_c:r B G% cos?0c
dt|] 2w (s — M%)2
where | M?| = A(t) — (s —w)B(t) + (s — u)2C(t)
See e.g. A. Strumia & F. Vissani, Phys. Lett. B564:42-54, 2003

M|

A(t), B(t) and C(t) may be expressed in terms of vector and
axial vector form factors. They are parametrized by the vector
mass M?=0.71GeV? and the axial-vector mass M3~ ~1.02 GeV

F4(0)

Fa(Q*) = 1702 /I1) with F,(0) = -1.267
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QES Cross Sections vs. Data
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QES Cross Sections vs. Data
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QES Cross Sections vs. Data
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QES Cross Sections vs. Data
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k :i % ; % 1 ® Mann et al, ANL 1973 (D) & Armenise ef al, GGM 1979 (C.H,.CF, Br)
T  LMTL] o Barshetal, ANL1STI(D,) ¥ ol etal, GG 1979 (C,H,.CF,B
§ b %E iilr;w -L,.uli. B i I|! | o Bakeretal BNL19G1(D,)  # Allasiaetal, BEBC1990 (D,)
“og M-dg;f : 'naiZL' s i |1 © Nitagakietal, FNAL 1963 {0,)  © Makeev et al, INEP SHAT 1961 (CF, By
gjj | /l/ _{q % Asratyan et al, FNAL 1984 (NeH,) 0 Belikov et al, HEP 1982 {A)
02k 5 ; % { ® Suwonjandee, NuTeV 2004 (Fe) O Belikov et al, HEP-ITEP 1383 {Al)
= ——— & Auerbach etal, LSND 2002 (C") © Grabosch et al, IHEP SKAT 1998 (CF B
E 18 v, pou'h 1 ® Young, CERN 1367 [EFz_Hl’J 0 Brunner et al, IHEP SKAT 1990 [EF]Hri

f "1.: 4 Budagow et al, CERN 1363 (C,H.} & Ammosov et al, IHEP SKAT 1352 {CF, Br

(1 @ Many experimental data differ.
i1 @ Different targets, different v-flux-
i es, different methods.
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QES Cross Sections vs. Data

;)

|0 Hustom et al, ANL 1969 (Stee) @ Bonettietal, GG 1977 (CF, B
{ & Mann et al, ANL1973(D.)

1 o Barish et a, ANL 177 (0,
| o Baker et al,, BNL 1981 (0
1 @ thahielﬂ.,FHM.ﬁllﬂ[Dz]

4 Armenise et al, GGM 1979 (C,H,.CF, B
Y Pohi et ol GGM 1979 (C, H,.CF. B

# Allssiaet al, BEBC 1990 (0,

0 Makeev et al, IHEP SKAT 1381 (CF, Br)

10 i0*

E [GeV]

| & Asratyan et al, FNAL 1384 (NeH,)© Belikov et al,, IREP 1382 (A)
{ ® Suwonjandee, NuleV' 2004 (e|
¢ Auerbach et al, LSND 2002 [[”l @ Grabosch et al, IHEP SKAT 1368 (CF, By
1 # Young, CERN 136/ (CF, Br)
T i Budagov et al, CERN 1369 (C,H.) 8 Ammosov et al, IHEF SKAT 1352 (CF, Br

O Belikov et al., HEP-ITEP 1983 {Al)

o Brunner et al, [HEP SKAT 1990 (CF, By

|1 ® Many experimental data differ.
i @ Different targets, different v-flux-

es, different methods.

‘oA global fit needs a careful choice

Suworjandee MuTel/ 2004, avéraged

of data to be included.
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Sensitivity of QESto M,
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Sensitivity of QESto M,
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e QES cross-sections

grow with axial mass

MA

Increasing.

53



Sensitivity of QESto M,

LUNL G| g +nos (1) +p 5 By +p—p () +n | © QES cross-sections
| grow with axial mass
M, increasing.
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| ® The threshold of

i t-production is ~30
times higher than in
u-production case.
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e QES cross-sections

grow with axial mass
M, Increasing.

¢ The threshold of

t-production is ~30
times higher than in
u-production case.

| o At high energies QES

cross-sections for v
and v coincide.
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QES off Oxygen Target
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QES off Oxygen Target
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QES off Oxygen Target

¢ At small energies nuclear

o o o ¢
B [*)] (o)
T T T T T T T T T T T T T

o n(E)/E [107%®cm?/GeV]

o
)

- - free pand n

vy AN=C+p | corrections are important.

AR — pandnin160

N=(p—|—n)/2 PN

e Shown calculations using
standard RFG model.
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QES off Oxygen Target

¢ At small energies nuclear

o o o ¢
B [*)] (o)
T T T T T T T T T T T T T

o n(E)/E [107%®cm?/GeV]

e
)

- - free pand n

vy AN=C+p | corrections are important.

AR — pandnin160

N=(p+n)/2 = /v

e Shown calculations using
standard RFG model.

¢ Note that such targets do
not exit. But H O is close.
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o n(E)/E [107%®cm?/GeV]

QES off Oxygen Target
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CFA-2015

¢ At small energies nuclear
corrections are important.

e Shown calculations using
standard RFG model.

¢ Note that such targets do
not exit. But H O is close.

¢ The difference is just at
small energies lower than
Interesting for PINGU.

62
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QES off Oxygen Target
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¢ At small energies nuclear
corrections are important.

e Shown calculations using
standard RFG model.

¢ Note that such targets do
not exit. But H O is close.

¢ The difference is just at
small energies lower than
Interesting for PINGU.

e But for future HyperK lower
energies are important.
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Single Pion Production (RES)
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Single Pion Production (RES)

e Processes are discussed in the framework of the
Rein&Sehgal (RS) approach.
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Single Pion Production (RES)

e Processes are discussed in the framework of the
Rein&Sehgal (RS) approach.

¢ |tis based on the Feynman-Kislinger-Ravndal (FKR)
relativistic quark model, applied to v-excitations of baryon
resonances Nx.
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Single Pion Production (RES)

e Processes are discussed in the framework of the
Rein&Sehgal (RS) approach.

¢ |tis based on the Feynman-Kislinger-Ravndal (FKR)
relativistic quark model, applied to v-excitations of baryon
resonances Nx.

e Amplitudes of such processes are a coherent sum over A's
of all known N* = 1tN resonances.
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Single Pion Production (RES)

» Processes are discussed in the framework of the
Rein&Sehgal (RS) approach.

» |t Is based on the Feynman-Kislinger-Ravndal (FKR)
relativistic quark model, applied to v-excitations of baryon
resonances Nx.

» Amplitudes of such processes are a coherent sum over A's
of all known N* = 1tN resonances.

» Vector and axial-vector transition form-factors G, ,(Q?) are
parametrized by the standard vector mass M, = 0.84 GeV,

t{\\/?fgﬁgne as in the (Q)ES dipole model, and by axial mass
A
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Single Pion Production (RES)

¢ Processes are discussed in the framework of the
Rein&Sehgal (RS) approach.

¢ |tis based on the Feynman-Kislinger-Ravndal (FKR)
relativistic quark model, applied to v-excitations of baryon
resonances Nx.

e Amplitudes of such processes are a coherent sum over A's of
all known N* = 1tN resonances.

¢ Vector and axial-vector transition form-factors G, ,(Q?) are
parametrized by the standard vector mass M, = 0.84 GeV,
the same as in the (Q)ES dipole model, and by axial mass
MI:A{ES _

¢ The RS model was extended (ExXRS) to account for the finite
mass of secondary leptons in the case of CC-scattering.
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Nucleon Resonances with M < 2 GeV
according to PDG-2014
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Nucleon Resonances with M < 2 GeV
according to PDG-2014

1 2 3 4 57 G T
Py, N(1440) [56,07]z 1410-1450 (1430) 250—450 (350) 55—75 (65.0) +
Diz N(1520) [70,17]; 1510-1520 (1515) 100—125 (120) 55-65 (60.0) —
S11 IN(1535) [70,17]; 1525-1545 (1535) 125-175 (150) 35-55 (45.0) —
S11 N(1650) [70,1 |1 1645-1670 (1655) 110-170 (140) 50—90 (70.0) +
Dis N(1675) [T0,17]1 1670-1680 (1675) 130—165 (150) 35-45 (40.0) +
Fis N(1680) [56,2%]. 1680—1690 (1685) 120—140 (130) 65—70 (67.5) +
Dis N(1700) [70,17]1 1650-1750 (1700) 100-250 (150) 7-17 (12.0) —
P11 N(1710) [70,0%]2 1680-1740 (1710) 50-250 (100) 5-20(12.5) +
Pis N(1720) [56,2%]2 1700-1750 (1720) 150—400 (250) 8-14(11.0) +
Fir N(2190) [70,2%]2 2100-2200 (2190) 300—700 (500) 10—20 (15.0) +
Pss A(1232) 56,07 o 12301234 (1232) 114-120 (117) 99.4 +
Pz A(1600) [56,0%]2 1500-1700 (1600) 220—420 (320) 10-25 (17.5) +
Sa1 A(1620) [70,17 ]y 1600-1660 (1630) 130—150 (140) 20—30(25.0) +
Dss A(1700) [70,17]1 16701750 (1700) 200—400 (300) 10—20 (15.0) +
Fss A(1905) [56,2%]. 1855-1910 (1880) 270400 (330) 9-15 (12.0) —
P31 A(1910) [56,2%]2 1860—1910 (1890) 220340 (280) 1530 (22.5) —
Pss A(1920) [56,2%]2 1900-1970 (1920) 180—300 (260) 5-20 (12.5) +
Fsr A(1950) [56,2%]2 1915-1950 (1930) 235-335(285) 35-45 (40.0) +
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@

Single Pion Production (RES), cont.

Besides resonances, a non-resonance background is to
be added ( general problem!).

Relative normalization of contributions from different
resonances is a problem, though A(1232) dominates.

To avoid a double counting with DIS, the maximum mass
of the bound 1N state Is to be defined —the W

cut’

We find W_,= 1.4 GeV to be the best fit in our approach.

t's choice is a general problem as well. Experiments also
present date for different W__ from 1.1 GeV up to 2 GeV.

cut

t will be discussed later.
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Sensitivity of RESto M, (CC 1)
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Sensitivity of RESto M, (CC 1)
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Sensitivity of RESto M, (CC 1)
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Sensitivity of RES to M, (CC 2)
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o n(EM) [107% em? ]

Sensitivity of RES to M, (CC 3)
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Sensitivity of RES to M, (NC)
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Sensitivity of CC RES to Wcut
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Sensitivity of CC RES to Wcut
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Sensitivity of CC RES to Wcut
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Deep Inelastic Scattering
» More than 2 © + N In the final state.

» DIS dominates at E > (3 - 5) GeV.

» While (Q)ES and RES cross-sections are constant at high
energies due to constraint on Q2, DIS cross-sections grow
with energy.

For a vg scattering on a quark at rest with S =2m_E

_GyMy, S

2
do _Cr : = o(S) 7T 2
S+M,,

dQ’ T (1+Q /M)
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Deep Inelastic Scattering
» More than 2 © + N In the final state.

» DIS dominates at E > (3 - 5) GeV.

» While (Q)ES and RES cross-sections are constant at high
energies due to constraint on Q2, DIS cross-sections grow
with energy.

For a vg scattering on a quark at rest with S =2m_E

2 2 2
10— ———— = o(s) =T S
dQ (1+Q° /M) S+M:,

Gy M,

o At S<M, ol(E)xE;at S>> M., o(E)=>0,=

JT
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Deep Inelastic Scattering
» More than 2 © + N In the final state.

» DIS dominates at E > (3 - 5) GeV.

» While (Q)ES and RES cross-sections are constant at high
energies due to constraint on Q2, DIS cross-sections grow
with energy.

For a vg scattering on a quark at rest with S =2m_E

2 2 2
10— ———— = o(s) =T S
dQ (1+Q° /M) S+M:,

Gy M,

> At S<<M$V 0(E)xE; at S>> M2, o(E)=0,= =
» DIS Is the sum of cross-sections on all quarks in a nucleon.
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QCD and Structure Functions

e At LO of perturbative QCD nucleon consists of valence
qguarks, “sea”-quarks and gluons.

e Sea quarks are qﬁ-pairs.They arise from gg- and gg-
Interactions.

¢ For unpolorized nucleons — 5 Sfs.

d2 O_I/(U)

dx dy

G%.MNE,
(v 0,9) = itqe/ard,

Z (El/ax yaMNamE) FTMC( 7@2)7

2 2
y“x il as=1— =& — (14
" 2E, My Y2 4F2 ~SE, | Y

2
1 Yy m,y
oy (1- %) — |
mg (m7+Q%) mg

4E2MZx 7 45 = = F My -
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Nachtmann Variable
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Extrapolations of SFs to small Q*

ABM11, NNLO&TMC

ABM11, NNLO&TMC

| |
3 2 1 0 1 103 & L L
10 10 10 10 10 1073 1072 1071 10° 10!

Q? [GeV? ] Q? [GeV? ]
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o(EWy)/E 107" cm’/GeV]

Dependence of YN CC DISonW__
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Dependence of YN CCDISonW__

0.5 ——————— — -
[| Weu [GeV] DIS: 7, +p/n—1"+X
[ 1.25 v,p ]
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| — 1.40 s
-- 1.60
--- 1.80

0-3r1 —  2.00
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o(E\W,..)/E [107cm?/GeV]

0.1}
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Dependence of v(v)NNC DISon W__

0.30 ———————— .
DIS: o(v)+p/n—v(v)+X
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o(E,\W_)/E [107* cm? GeV ]

Optimization of W__for vN

0.9 -
Wy, [GeV] oS (E,W ) /E +0°% (E,W_,,)/E
0.8} 1.20
- - 1.25
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— 1.40
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o(E,\W..)/E [10_38 cm’ GeV_l]

Optimization of W_for vN

0.40 — _ |
Weu [GeV] RES (E Wcut)/E +JDIS (E Wcut)/E
0.35L 1.20
-- 1.25
0_30_ - 1.35
— 1.40
025t — 1.20
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0.051 ‘ __________________________________
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Kinematic Limits

yZI—Eg/EV 9 9
W? =M% +2MyE,y(l —z) Y= e — My
N Y — 2MNE, (1—%)
my
<x <1,
QMN(E,/—mg) -

A—- B<y<A+ B

2 2
m? m% 1 . m% _my
2+ Myz/E,
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Kinematic Limits for CC DIS at E=5 GeV

DIS: (7)v,+N — £*+X
f Qin=1.2 GeV?

y(E 7$7Wcut)

1073 1072 10" 10°
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Kinematic Limits for CC DIS at E=10 GeV

DIS: (7,)v,+N — £*+X
v Q=12 GeV?
oL T S N e
107 - ; N
N
»
PN
SN
1 N\
—~ ; p
E | .
2
A - : : N
R . S A S T s
L e 5 S B e
Wczut_M]%f
Yy My E, (1—2)
E, =10 GeV £=T
W, =14 GeV
-2 ol ‘ R ! ] . .
10 107 107 10" 10°
x
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Kinematic Limits for NC DIS at E=10 GeV

y(Ez/ 7$7Wcut)

1.2

1.0

0.8}

0.4
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DIS: (v))v,+N — (v,)v, +X
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cu < < 1%
My E, (1—z) — ¥y = Myx +2E,
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TMC SFs Dependence on X
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Approach of Bodeké&Yang
Very high x F, proton data (DIS + resonance)

o
Eosf &  Slu0c o031 -r .
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g 1L - — — CTEG4H mad l-‘ 3 p [T;3 BiE
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E zs} 5 e *y = i nn'Y wif e "
i :
05 T T R Y R T ST
2 o8 i om (K] = [af=1.5] = [gt=1]
Xa
s wth
€ e 1
= w3
g $ oyt | PQCD % 1 o
i e . = = - e .
i =3 = +TM s ] - %
R r
- Targel mame {Georgl—Politeer) O ey st 2 2 4
M i 5 i A ATS A AR O OES J LK ] Al I [-E -3 (W )
] os FT ) in x [gF=0] 2 [9¥=14]
18— . L [b] _ we — -
E —  HEHEEZ) mod [ Emplrieal BT | + ot s
= 2B el
T o — lilmarts repsnemes ]
g. & — 2 ..m-;-ﬂ?f'-ur.
Le ¥ - T
E T
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¥ [ea]

lThe data are well described by the predictions (duality works!) |
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B&Y Pseudo NLO

Original approach (NNLO pQCD+TM) was to explain the non-
perturbative QCD effects at low Q?, but now we reverse the approach:

» Use LO PDFs and "effective target mass and final state masses” to

account for initial target mass, final target mass, and even missing
higher orders

Ew = T
o /k m=M* MU[1+-J(I+Q [v7)]

final state interacti
(final s nteraction) e 2Q'2={Q2 + m? _m;l)

resonance, higher twist, and TM : 5 3.3 T a
+\/(Q +m,—m;) +40Q (m; + P)

QI +B A : initial binding/target mass effect

= 3 plus higher order term
{Mv[l'l' 'J(1+Q2 lv )] + A} B: final state mass my2 , Am%and photo-

protduction
CFA-2015 107
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2xF_and F in B&Y Approach

1 0.4
075 { 0*=07 GeV? 03 H Q= 0.7 GeV?

0.2 ' | | |
u.; e Tt
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Comparison of B&Y Model with Resonances
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MC Generators
Neutrino event generators available in the market.

¢ NEUT - developed for Kamiokande and used by Super-
Kamiokande, K2K, SciBooNE, T2K.

¢ NUANCE - developed for the IMB experiment and used by
MiniBooNE.

¢ NEUGEN - developed for the SOUDAN and updated for
MINOS.

¢ ANIS — developed for AMANDA and used by IceCube.
General purpose MC generators

° FLUKA

e GENIE — ArgoNeut, MicroBooNE, MINOS, MINERVA, T2K.
Continuously updated.
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MC Generators, cont.

¢ GIBUU - theorist group approach. It provides an unified

transport framework at MeV - GeV energies. Numerous
nuclear effects included.

¢ NuWro - developed by the Wroclaw group. Accounts for
the impact of nuclear effects on directly observable
guantities with all the final state interactions included.
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Conclusions
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Conclusions

e Accurate account for neutrino-nucleon cross-sections
IS Important.

¢ Data are controversive and the choice for global fit
needs serious expertise.

¢ With proposed set of models and parameters we fit the
known data but at lowest energies.

e Uncertainties in the choice of axial masses and W_,

for RES and in extrapolations to small Qzin DIS are
correlated.

¢ An account for TMC, lepton mass, pQCD corrections
are important.

¢ New precision data may change the set of parameters.
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Thank you!

CFA-2015 119



CFA-2015 120



QES: from Strumia&Vissani

b
M:T_Jy al—ﬂﬁve_'ﬂ-n ’“a+ ‘a5 ai— &r
Y (1 = 5) (fu 9VaYs + if20ab5 s + 92757 | up
where ¢ = p, — pe = pn — pp. A straightforward calculation yields?:
IM?| = A(t) - (s —u)B(t) + (s — u)*C(2)

where s = (p, +pp)2, t = (p, — pe)?, u = (p, — p,)? are the usual Mandelstam variables and
16 A = (t — m2) [4|ff|(4z\-f2 +t+ m?) + 4|63 |(—4M? + t + m2) + | f2|(3/M? + 4t + 4m?)+
+4m2t|g3|/M? + 8Re[f{ f2](2t + m2) + 16m2Re|g} g2]
-4 [ (41f1] + 1 f2|/M*)(AM? + t — m?) + 4|gf|(4AM? — t + m() + 4mZ|g3|(t — m2)/M>+

+8Re[f f2](2t — m?) + 15m3R0[9f92]} — 32mZMARe[gi(f1 + f2)]
16 B = 16tRe[g] (f1 + f2)] + 4mZA (|f3] + Re[f{ f2 + 291 ga]) /M
16 C = A(|f{] + lgf]) — t| f3]/M2.

f and g are real function of t = -Q°. Approximation:

_ {l-(1+)t/aM? €] — q(0) _ 2M?g
{fl’fz}_(1—t/4M9)(1—t/M.§r)2’ A== 27 w2y

£=k —k =3.706 where k and k — anomalous magnetic moments in units
— p n e p n .
of nuclear magneton Wy=e#n/2m,
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