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MEC in QE neutrino scattering

Results from the papers:

1. Meson-exchange currents and quasielastic Neutrino cross
sections in the superscaling approximation model.
J.E. Amaro, M.B. Barbaro, J.A. Caballero, TW. Donnelly,
C.F. Williamson.
Physics Letters B 696 (2011) 151.

2. Meson-Exchange Currents and Quasielastic Antineutrino
Cross Sections in the Superscaling Approximation
J.E. Amaro, M.B. Barbaro, J.A. Caballero, T.W. Donnelly.
Physical Review Letters 108, 152501 (2012)

3. Relativistic effects in two-particle emission for electron and
neutrino reactions.
|. Ruiz Simo, C. Albertus, J.E. Amaro, M.B. Barbaro, J.A.
Caballero, TW. Donnelly
arXiv:1405.4280 [nucl-th]




Outline

1. Formalism of (e, e¢’) and (v, (™) \
e The relativistic Fermi gas
e Super-scaling approach (SuSA)
« 2p-2h Meson exchange currents

2. Status of MEC in SUSA

3. Perspectives: new approach to 2p-2h
* Phase space function
 Relativistic problems at high ¢

e Angular distribution: new integration
method

» Properties of the 2p-2h phase space
e The frozen approximation

\  Application to v reactions /
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do
de' dS)
Electron kinematical factors

2 1 2 0
v = p°, fUT:§p—|—tan 5

= opon (VL RL + vrRr)

Response functions:

_ WOO
Rr w4 22

Hadronic tensor for (e, e’)

Ei — w)(fIJHQ)[0)"(fIT7(Q)]7)

JH(Q) is the electromagnetic nuclear current



(v;,17) formalism

Cross section:

Similar to oot

Fermi constant: G =1.166 x 101 MeV 2
Cabibbo angle: cosd,. = 0.975

Generalized scat-

tering angle:
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(v;,17) formalism (1)

F2 =VecRoe + 2VorRor + VipRop + Ve Ry + 2V Ry

kinematical factors Vi from the leptonic tensor

( Adimensional variables:

1 — 62 taan m’
V@2
Q7

q

2
q
SN
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functions

Weak response}

Weak CC hadronic tensor:




Electromagnetic current

aﬂ”@y] u(p)

jo!
(1 — (o) | Fy~*
7 (p’, p) U(p)[ 1Y +@2mN

Weak CC current j* = ji, — j'.
ji (P, p) =




The relativistic Fermi gas (RFG)

Nuclear response functions for (v, ;=) reactions
Rx = NANUxk frrc(¥), K =CC,CL,LL,T,T,

N iIs the neutron number,

Ao = F ; nF:::kF/WUV, EFp = y’14‘ﬁ%'—:L

3
MNNRK

Scaling function frrg(v) = 2(1 —p2)0(1 — ?)

Scaling variable

single-nucleon responses Uy
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Ubc + (Uéc), + (Uéc),.
K (2G})* + T(2G},)?
1+ 7

= |echr

-

A:%fp(l—lﬂ% H\/1+T—|—£§(

The axial-vector response is the sum of
conserved (c.) plus non conserved (n.c.) parts,

Ay K A N
(Utc)., = —Gar . (Ubc),e = —Cu™



= UgL + (Uéll)c + (Uéll)n.c.
= Uy, + (UflL)c. + (Utr)

n.c. ’

The vector and conserved axial-vector parts
are determined by current conservation

A A
——(Uéc)..
A )‘2 A
(ULL)C. ) (UCC)C. !

2




Uy + UA

(2GE)” + 1(2GY,)°
1+7

= 2(1 +7)G4 + GAA
2G 4(2GY)\/T(1 + 7)1 + A]

A — T fF(1_¢2)
\/ 1+7 2K '




Super-Scaling Analysis (SUSA)

Scaling in the RFG (Relativistic Fermi gas)
Ri = Gg frra(¥)

Functions G g from the RFG for electrons (KX = L,T) and
neutrinos K = CC,CL,LL,T,T".
Scaling function in the RFG

Frrc(®) = S(1 — ¢D)8(1 — v?)

4

Scaling variable:

- ATT
%3 (1+ X7+ r/7T(1+7)




do
d{Vde' ), ”

orott(vrGr + vrGr)

fly') =

1 AN — 7

shifted — ' =
VEr S+ N7 4 /T T

N =(w—E)/2my, T =kr"—\?
kry E, are fitted to the data

RL . : RT
— —|Lonagitudinal — —| Transversel




Superscaling /

 Plot the experimental f(v') versus ¢’ for
different kinematics and nuclel

e Fit £, and kr to get scaling (one universal
scaling function)

no q 1st kind
dependence scaling
BN Superscaling

no A 2nd kind
dependence scaling




Scaling in the QE peak /

Scaling of R, [Donnelly & Sick PRC 60 (1999)]

SUPERSCALING OF INCLUSIVE ELECTRON . . PHYSICAL REVIEW C 60 065502







...............................................

SUSA (Super Scaling Analysis)

 Using the experimental (e, ') scaling function
to predict neutrino cross sections

« Use the RFG equations to compute the
(1, 1™) response functions with the

substitution frpa (1)) — feup(1)
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. 2p-2h Meson-Exchange Currents

Two-particle two-hole Meson Exchange Currents (MEC)

* Relativistic Fermi Gas two-nucleon emission channel
e Added to the SUSA results

e A. De Pace et al. NPA 726, 303 (2003)

« J.E. Amaro et al. PRC 82, 0444601 (2010)
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Initial state |i) = |F),
Sum over final states

2=t 2t 2

1p—1h  2p—2h  otherchannels

2p-2h channel final states

f)y=12p—2h) =|1",2/,17"27)

1) = |hysit1)  [2) = |hosats)

1) = [pisity)  [2)) = [pasaty)
Particles P/ = (F!, p}), Pauli blocking p! > kg
Holes H; = (E;, h;), with h; < kp.

p. 23



4
m N

F\E>EE}

>
Wapon = / d*pyd’pyd’had’hy

1% / / :
(271_)9 Tlu (p17p27h17h2) :

X 53(p’1+p/2—h1—hg—q)é(E{JrEé—w—El—Eg)

X @(pllvp/QJ hla h2)

O(p1, Py, h1, ha) = 0(py — kr)0(py — kr)0(kr — h1)0(kr — ha)
Elementary hadronic tensor for a nucleon pair transition:

Tuy(p17p27h17h2 Z Z ] 1/ 2/7172 Ajy(1/72/71’2)14

81528 82 tltgt/ t2

V =31°N/k3.
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CiHJ\“

Feynman diagrams:
Seagull (a,b), pionic (c), and A current (d-g)
Pionic four-momenta K!' = P/* — HY
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Seagull:

. f?.
Jﬁ(Pﬁ»Plzapl,Pz) — WZG?,CLW(P&)T@% K1U(P1)

v
iy
Iy
K? —m

FU(P2) 757 u(p2) + (1 ¢ 2).

/i

Pion in flight:

2
75 (P1, Py, P1, P2) = f—i€3 b FalF — Ko)"
P PPy PP = I G2 (F )

xu(py)7aYs Kiu(p1)u(py)mys Kou(ps) .

Y and F;: the electromagnetic form factors
ll pion-nucleon coupling constant: /4w = 0.08.
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A Current

i\ (P1, Py, P1,P2) = f”NAf;ﬂ(p
A 1y P2y, P1, Y2 m2 K22_m2

XT(P5)TaYs Kou(pa) + (1 < 2).

TH(1) is related to the pion electroproduction amplitude

a

TH(1) = K3,0°°GS5,(Hi + Q)SY(H1)T,T)

a

+T3TI S (P)Gos(P — Q)07 Ky . (4) |1
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Forward

St (Hy)

Backward

Sy (Pr)

The tensor 6,

O (g1 @ — goH1 - Q + g3Q°] 5
O Q. (V" — goHi + 93Q"] 75

75 [91 Q_92P1/'Q_93Q2} e
Y5 [1y! — g2 PIF — g3Q"] Q.07 .




A width: ma — ma + iT'(P) in the denominator of the propa-
gator to account for the A decay probability

Nul-nt'i4 Nuint14 — p. 29



delta function

9-D integral for the 2p-2h response functions

/d3p’1d3h1d3h25(E1 + By +w — Ey — Ey) f(hy, hy, p1,p5), (9) 8

Momentum conservation p, = h; + hy, + q — p/.
We integrate over the momentum p} using the delta function:
For fixed hy, hy, 67, ¢}
Change variables p; — E' = E| + E}.
compute the Jacobian of the transformation
dE'

Y]
pP1 __ PyPI
E] E5p)

Nuint14 — p. 30



Momentum of the final nucléon

Compute p) for fixed angles 6, ¢/, by solving the energy
conservation equation.

Second degree equation with two solutions

2 .

/ a/ me .
— = + \/1 — 11

1 .
azip’2 b= E"” — p'*cos’ B (12) I

vo=FE" v=7p cospy, (13) I

where

Final total energy: £/ = £ + FEy + w
Final total momentum: p’ = h; + hs + q
B = angle between p’} and p'.



Results for 2p-2h responses

Compute transverse response functions in the 2p-2h
channel.

Relativistic Fermi gas

7D integrals [ d*hydhsdf)
We choose ¢ = 0 and multiply by 2.
p} is fixed from energy conservation

Nuintl4 — p. 32



(e, e’) results with MEC 2p-2h

* Quasielastic +
MEC + Inelastic
Cross section Quasielastic Scattering from e

* ¢, = 680 MeV
e ) = 60°

] G Mevie, 8=60dep, Soclay Lala

e Data from Saclay

Nuintl4 — p. 33



(e, e’) results with MEC 2p-2h

* Quasielastic +
MEC + Inelastic
Cross section

* ¢, = 3595 MeV
e ) =16°
e Data from SLAC

(b} s [MeV]



(e, e’) results with MEC 2p-2h

* Quasielastic +
MEC + Inelastic
Cross section

e ¢, = 4045 MeV
e 0 = 60°
e Data JLab

Nuintl4

. . G g 125
Quasielastic Scattering from (
P, =445 MeVie, 0 =23 deg, JLab Data

VMV
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=
=

=
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=
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2 Status of MEC in SuSA far - :
(V/m:u_) .

J.E. Amaro, M.B. Barbaro, J.A. Caballero, T.W. Donnelly,
C.F. Williamson, Physics Letters B (2011)
« Double differential neutrino cross sections from °C

* Integrated over the neutrino flux

« Contribution of vector meson-exchange currents in the
2p-2h sector

The RYV response with MEC is computed assuming that the |
weak CC MEC contribution is the same as the MEC contribu- |
tion to the isovector part of the electromagnetic Ry '

RVV . VV10B [R%m]i(s)(ffector T [R%m]ZthMEC
T

1sovector

Nuint14 — p. 36



> Neutrino results with MEC 2p-2h
. « Calculations from ;{i**mi_“ | 106 <cosbi<0T

Amaro, Barbaro, & +++ Yy

Caballero, | "

Donnelly, o A 0.4 < cosb, < 0.5

Williamson, PLB st i
696 (2011) 151. ~

e The MEC increase
the cross section
less than 10%

e Data from A.A.
Aguilar-Arevalo et
al., (MiniBooNE
Collaboration),
PRD 81, 092005
(2010)

+-0.2 < cosf, < —0.1

i .

5 —0.6 < cosf, < —0.5

:,~.:+ —1 < cost, <—-0.9

=N W s OO N e O
— N W RO W

(@)
e © 6 6 o o o o o o o o o o o o ©o o o o o o © © © © © © © o ©o ©o ©o o o o

.. [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
N“ I“ti I Nuint14 — p. 37




2
D
-
=)
~
O
-~
D
%
=
D)
>
~
L
D
e
-~
L
D
O
)
o
~

e Calculations from

Amaro, Barbaro,
Caballero,
Donnelly,
Williamson, PLB
696 (2011) 151.

The MEC tend to
Increase the cross

section about
5-10%

Data from Aguilar-
Arevalo et. al.
(MiniBooNE Col-
laboration)

. °Ni|i|it'14'&° .

s
02<T,<03 (’,;(‘\VSHSA\+I\(TE
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C
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, < 0.6 GeV

0 02 04 06 08

cos @

T, < 0.8 GeV

0.6

S

0.8

1

1
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Antineutrino results with MEC 2p-2

e Calculations from
Amaro, Barbaro,

Caballero,

Donnelly, PRL 108

(2012).

e The MEC tend to
Increase the cross
section more than

for neutrinos.

e Data from Aguilar-

Arevalo et.
(MiniBooNE
laboration)
88 (2013)

Nuintl4

al.
Col-
PRD

~ SuSA
s uSA+MEC

8 < cosb, <09
TR0 < cost,
++ vy,

—0.4 < cosf, < —0.3

—0.8 < cosf, < —0.7
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Further modifications of SUSA

Estimation of the axial 2p-2h MEC.:

[ R%A] 2p2hMEC

Y

[R%V] 2p2hMEC

[ R¥/A] 2p2hMEC

[Rgv] 2p2hMEC

SuSA v2: Two different scaling functions f; and fr (from
the Relativistic Mean Field)

Extend SuSA for low ¢ and w with Pauli blocking
frelY(w, )] = flv(w, )] — flY(—w,q)]

Nuint14 — p. 40



e Total cross section
versus neutrino
energy.

e« SUSA with and Eaka
without MEC

— ——
— — —

-

. — —
— —,

- SuSAv2, newPB, E..=20 MeV
SuSAv2 *MEC(T,,,, T'\,)
SuSAv2 .*MEC(T,,)
SuSAv2, noPB, = =20 MeV
Shift
MEC, T, +T', 5
....... MEC, T,,,
MiniBooNE
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© © 6 6 6 6 6 6 6 6 6 06 06 06 06 06 0 0 06 0 0 06 06 06 06 06 06 06 06 06 06 06 06 06 06 0 0 & I........
SuSA new results for MINERVA

=
o

« MINERVA neutrino
———- RFG

differential cross S SUSA+MEC(T, ), newPB
section ‘ _‘ —— SuSA

] MEC
e« SUSA with and SuSAvV2, newPB

/neutron)
R
N

/Ge
H
o

without MEC 5 g SUSAV2+MEC(T, ), newPE
o Minerva
= 6

¢ LL

b (@4

° NO) 4

. 2

. 8 2

° 0
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...............................................

SuSA estimation of axial MEC

e 1 Cross section.

e Preliminary I ]
results. 12F — B -
» For the 2p-2h, _10F i SRS 5
A — ] ]
T 7  pT o° _ j’ | ]
Ryp = Ryy = Ryy ‘1’3 8_ — -
e SUSA with and ; 6:— — SuSAv2+MEC(‘LV+PreIiminary('I;A+T’VA))—:
- C — — SUuSAv2+MEC(T,,) i
without MEC 4l CUSAYD .
- +  MiniBooNE -
oL + NOMAD -
L | | | | | | II| | | | | | | II| | | | | | [ I_

01 1 10 100

E, (GeV)
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SuSA estimation of axial MEC

7 Cross section. [ T T T BN

12 ., .

.. L 1 SuSAv2+MEC(T, +Preliminary(T,,-T", ,)) ]

Preliminary i SuSAv2+MEC(T,,) _—]

results. 10 —— SuSAv2 T

For the 2p-2h C T MinBoonE ]

or the -2h, ; iniBoo e T 1

P ~C 8- + NOMAD / -

T _ pT' _ pT 2® T ] i

Ry = Rya = Ryy ‘1’3 ]
SUSA with and s

without MEC

~100
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 MiniBooNE
double-differential
Cross section.

e Preliminary results
for the 2p-2h MEC,

V|

T _ pT _
Ryq = Ryy =

e SUSA with
without MEC

T
Ry

and

0.4<co8<0.5 0.8<co8<0.9
L A o e 28T T T T T T
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120 —— SuSAv2 I 20~ SuSAv2 b
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3 Perspectives:
new approach to 2p-2h

e |. Ruiz Simo, C. Albertus, J.E. Amaro, M.B. Barbaro,
J.A. Caballero, T.W. Donnelly,

arXiv:1405.4280 [nucl-th] (16 May 2014)

See also:

C. Albertus, et al.,

2p-2h distribution in phase space for neutrino and electron
scattering

Nuintl4 Poster P:01

|. Ruiz Simo, et al.,

Relativistic effects and meson exchange currents in
two-particle emission with neutrinos.

Nuintl4 Poster P:15
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New MEC calculation

Including the axial current

Codes more efficient and faster

Relativistic effects

Angular distribution of final nucleons: singularities for high ¢
Analytical integration around the singularities

Study of the 7D integral in 2p-2h hadronic tensor

4
3N

F\E,E! E,

v

(27_‘_)9 @(pllap/%hth)

/ d°p, d>had’hoy

7altw(p,h p/27 hla h2)5(Ei T Eé - El - E2 - CU)

pv _
W2p—2h -

... p, = h; +hy +q — pj.

r*¥ = elementary hadronic tensor for 2p-2h



Simplest case: " = 1.
2p-2h phase-space function

4
m
F(q,w) / d?’pid?’hld?’hgwgw
1-—2

5(Ei = Eé — E1 — E2 — W)@(pll,pé, hl, hg) .

with p5, = hy + hs + q — pj.
All 2p-2h models should agree about F'(q,w)

Nuintl4 — p. 48



......................................

Non-relativistic phase space

Semi-analytical

Van Orden-Donnelly function:

1313
A(ll, 12, V) = /d3$1d3$2(5(y — 11 X1 — 12 X2)

7T

(o))
(o)

/-C7 Tmax ] qr+T d
Fq,w) = FmN/ x/ yAfL’ Y, V),
myw
I'maX:1+\/2(1+V)7 qr = V= ]\27

Nuint14 — p. 49



w =100 MeV

The function
A(x,y,v) IS
analytical

(J.W. Van Orden,
T.W. Donnelly,
Ann. Phys. 131
(1981) 451)

y ’;;'r"!‘""‘: i i
Qi

i

®w=500 MeV, | 3D pIOt for
¥ q = 500 MeV/c

Nuintl4 — p. 50




Non-relativistic. Numerical

¢1 =10
Integrate over p) for hy, hy, and 6] fixed.

Sum over two solutions p/*) of the energy conservation equation.
7D integral

/2
P MmN

F(q,w) = 27r/d3h1d3h2d0089’12 ———————0O(p}, py, h1, ho)
il R R o pi=p; (@

Asymptotic expansion (~ /myw)

wW—>00

F(q,w) == 4x

Nuintl4 — p. 51
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Non-relativistic results

Comparison of phase
space F'(q,w) calculations:
Exact (semi-analytical)

Numerical 7D

integration with 107
points

Asymptotic

Nuintl4

0.008

0.006

3 0.004

0.002

O »

0.01

0.008

0.006

= 0.004

0.002

0.01

0.008

0.006

3 0.004

0.002

0
0

q =300 MeV/c

exac:u
0.4 x 103
107

asymptotical
100 200

q =400 MeV/c

g =500 MeV/c

100 200 300 400
w [MeV]

300

500
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7D integral (¢} = 0)

4
T N

F(q,w) = 27T/d3h1d3h2d9’1 sin 6

'E\E,E E

@(pllap/% h17 h2)

_ PyDl

the sum runs over the two solutions p/,*) of the
relativistic energy conservation equation

Asymptotic expansion ~ my (constant!)

W00 4
F(q,w) == 4n (3 TN
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Relativistic results.

0.014
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2p-2h problems at hlglﬂ

For high ¢ a | a=3GeV/e
spurius peak |
appears at low w
as a result of
numerical error in
the straightforward
/D Integration
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cific case ¢ = 3 | g =5 GeV/c m

GeV/c.
\ﬁ

O 1 1 1
e o 0o 0 0 0 0 o o 0 1000 2000 3000 4000 5000 o o 00 0 0 0

Nuilnti4 w [MeV] A




For high ¢ > kp, the hole momenta can be neglected, h; = hy =0
A 6-D integration can be performed analytically

m2

F(Qa w) — /d3h1d3h2d3p/16(Ei -+ Eé — W = 2mN)®<p1 p27 0 O) E/ El

A 2
(—m@%) / dpd(E + E) — w — 2my)O(p), ph, 0, 0)

3

The integral over ¢} gives a factor 2, with ¢} = 0
The integral over p} is done analytically

In the frozen nucleon approximation, the phase-space function is
reduced to a 1D integral over 6]
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Frozen nucleon problems
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Angular distribution of ejected
nucleons
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Kinematical analysis

3000

q=3GeV/c At the minimum

2500

- 2090 ¢ e 1™ | The Jacobian di-

e verges at the mini-
0 500 1000 1500 2000 2500 3000
Py [MeV/c] mum

g =500 MeV/c

1b0 2b0 3b0 460
In the frozen nucleon limit

2
N »

N“Inu I Nuint14 — p. 59




Analysis of the angular distribu- /
tion
General form of integral over angles The integration region is determined b

o g(07) > 0.
7 — @/ f( ) 8(g(6)), Three cases depending on wy:

VI wo > 1. The angular distribuion is zero.
for positive values of the function wy < 0. All angles allowed

g9(8)) = cos?(¢, — o) — wp. 0 < wy < 1. The angular distribution is
! ! different from zero only in one or two
Non-dimensional variable angular intervals.

02 (1 (B2 - p,g)g) It is infinite for cos?(0] — o) = wy

42 7 = emll —o) =ssyily
N Position of the divergence:

Wy =
312

0 —a=p m .

with

1 = cos™* \/wy, o = cos ™ (—+/wp),

O§¢1,§02<7T.
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Allowed angular intervals
0 S wo § 1

- 2 a2
wWo > COS” (v wy < COs” (v

Exact position of the divergence and the
intervals.

A2 A
COS™ «v

Eight possible cases

Classified according to the values of «

d
an w(). wo | cos” «
wWo X
o2 0
COS™ «x
-
°
°
P Y t+aprta+m p1t+a
°
9
[ ) COS™ & |
° Wo [
°
o2
cos”
°
°
°
[ ] 2
COS™ (¢ F
°
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2
b cos?
°
° pat+a Y1 t+a+T pr+a+m
°
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The divergence is integrable.
Similar to

d_:z:_ 2\/5}8:2\@

0 i

ob— .
0 20 40 60 80 100 120 140 160 180
% f(6)do

10,6:) = | — s

= (601,01 +¢€)+1(01+¢€0y—¢€)+1(02—¢€,05).

Semi-analytical integration

_ e f(0)do o f(6) b1 d.\/q(0)
(01,01 +¢€) ) G ~ 29’(91) /0 T do

1

_ 2f(91)\/m2 f(01)V/2€

g'(61) [wo (1 — wo)]'/*
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Phase space. New integration/ f

method.

Results do not depend on e
Number of #] points: n =7

Number of h;, h, points: 5°

Total number of 7D points: 5% x 7 ~ 10°
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Average momentum approximas-
tion

The hole momenta
h;, h; are setto a
constant inside the
integral

F(q,w) is the average
over all the hy, hy
configurations.

Pairs of configurations

with opposite total
momentum p = h; + hy
average to the frozen
nucleon approximation.

Check  with  paral-
lel, anti-parallel and
perpendicular configu-
rations
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Parallel and anti-parallel
configurations
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Application to 2p-2h MEC in

neutrino reactions

Weak CC Seagull operator

74P, Ph, hi, hy) = [19 ® 701 — 71 ® 0] JH(PY, Py, hi, ha),
with vector and axial currents

;. 1 _, a(ph) [gaFY (Q¥)ysy* + F,(K2)v*| u(h
J"(p1, Py, hi, hy) = f u(p))vs Kiu(hy) ( 2)[ 7 ( ;(;_mz o(K3) } (hy)
1 T

M /21

— (1 < 2)

A

' A
P N P L

» o 06 06 06 0 0 06 0 0 0 o
(¢) exchange (d) exchange
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Fully relativistic R;, and Ry PSP 4= 500 MoV /c

compared to the OB 1p-1h Ip-1h -1 :
RFG 3
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Relativistic  effects are = : 00 v e .
small in Ry because - ol “
FY(Q?) is small where| z T o

relativistic ~ effects are| 5 o 5 .

Iarge non rel ‘ ) .
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Isospin channels

q = 500 MeV/c

PP emission
dominates over PN

The difference is due to
the interference
direct-exchange (D-X)
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D-X interference dia-
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Frozen nucleon approximation /

J ©o

g =500 MeV/c

The frozen approxima-
tion is good for the
seagull current and for

PP
PP frozen

RT(g,w) [GeV]~!
W = ot O

the (D-X) interference
diagrams.
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Summary Voo

Optimization of the 7D integral in 2p-2h response functions

Phase space function F'(q,w)

Angular distribution in the frozen approximation has divergencies for
some angles

Found the allowed angular regions and integrate analitycally around
the divergencies

CPU time reduced by 100

Relativistic results converge to the non relativistic ones

Test for electron and neutrino reactions with the contact operator.
Frozen approximation (1D) very close to the exact (7D) results.

We are working in the implementation of a complete set of MEC
operators, including the axial part.
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