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Plan of thetalk

® Part I: Is it possible to constraint the C:* N — A axial form factor from
coherent production data?.

® Partll: A Critique of the use of the Rein-Sehgal model for low energy
neutrinos.
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Delta Pole Term

The dominant contribution for weak pion production at
Intermediate energies is given by the A pole mechanism
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N — A weak current |
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N — A weak current ||

® \Vector form factors: determined from the analysis of photo and electroproduction
(O. Lalakulich et al., Phys. Rev. D74, 014009 (2006))
2.13 1 % —1.51 1

v _
C3 = 1 — a2/M2)2 ' q2 ’ Cy = 1 — ag2/M2)2 ' g2’
\%4 \Y4
0.48 1
Y = : , cY =0 (CVvoe), My = 0.84 GeV

2
0.776 My,

® Axial form factors: use Adler model which assumes
_CMe?)
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and take (E.A. Paschos et al.,, Phys. Rev. D69, 014013 (2004))
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where C#(0) = 1.2 from the off-diagonal GT relation
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Background Terms

We shall also include background terms required by chiral symmetry. To that
purpose we use a SU(2) non-linear ¢ model Lagrangian.

® No freedom in coupling constants

» We supplement it with well known form factors
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v,p — 1 pmw' reaction |

Flux averaged ¢*—differential v,p — p~pr™ cross section fl 4 Gev dW r Z’C‘i“jv

VP - W p Tt averaged over the ANL flux, W < 1.4 GeV
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C2(0) = 0.867 +0.075, Maa = 0.985 + 0.082 GeV
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v,p — 1 pr' reaction ||
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But mind BNL data [T. Kitagaki et al., Phys. Rev. D34, 2554 (1986) ] for
which C£(0) = 1.2 would be preferred
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_ + -
v,p — p pr reaction |11
A different CZ'(¢?) parameterization is possible

v, p - W p T averaged over the ANL flux, W < 1.4 GeV

I ' I ' I ' I ' |
ANL data [Radecky et al., PRD25,1161 (1982)]

- Only direct A. C.(0) = 1.2, M, = 0.95 GeV, a= - 0.25, b= 0.04 GeV”
Full model. C(0) = 1.2, M, =0.95 GeV, a= - 0.25, b = 0.04 GeV”
o Full model. C."(0) = 1.2, M, = 0932 GeV, a= - 0.361, b = 0.0167 GeV”
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Leitner et al. [Phys. Rev. C 79, 034601 (2009)] find a = —0.25, b = 0.04 GeV'?,
Man = 0.95GeV when only direct A is included

With background terms included one needs a = —0.361, b = 0.0167 GeV 2,
Man = 0.932GeV
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12

C#(q*) comparison
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GeV 2)
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dol/dcos 8_ (10 ° cm’)
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GeV 1)
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Total cross sections for coherent production
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Deuteron effects

ANL and BNL data were measured in deuterium

® Deuteron effects were estimated by L. Alvarez-Ruso et al [Phys. Rev.
C 59, 3386 (1999)] to be of the order of 8% for £, = 1.6 GeV even for
—¢®> < 0.1GeV

® A recent fit to ANL data by Graczyk et al (arXiv:0907.1886) including
deuteron effects and using a dipole parameterization for C¢ finds
C2(0) = 1.13 £ 0.15, Maa = 0.936 & 0.077 GeV.

No background terms were included.
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Conclusionspart |

Background terms have to be included in the analysis of the reaction at the
nucleon level (We know they are not relevant for coherent production).

If ANL data is correct then, either you reduce C%*(0) or you have to live with a
very large axial radius.

If BNL data is correct you can have both CZ(0) = 1.2, as given by the
off-diagonal Goldberger-Treiman relation, and an axial radius of 0.7 ~ 0.9 fm.

Deuteron effects could also play a role in decreasing the cross section and
thus affecting the determination of C2.

Coherent reactions do not help much in obtaining information on C2'.
Note however that recent MiniBooNE data is consistent with a dipole
parameterization having Cz*(0) ~ 1.2 and Maa ~ 1. GeV.

New data at the nucleon level would be welcome.
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PCAC modelsl|

For NC processes

vy (k) + Ngs — v (k") + Ngs + 7°(kx) .

Y
A
g X
/4,
Ly g 6 q=k—kK,y=q"/E, t = (q— kx)°
Rk’\‘}/-— ‘\ mq
-> S >/
M Rq
d G2 2 2d 2d d d
o _ B (_z>(u O'L_|_’U 0R+2uv O'S+ A )
dg?dy dt dprq 1672 71?2/ 2w dt 2 dt 2 dt dt ddrq
2 E+FE +|q d
where /i:qo—l—q—, u, v = + |q|, / A dprqg =0
2M 2F dt dprq

or,r,s Stand for cross sections for right, left and scalar polarized intermediate vector mesons. A is not a
proper cross section and it contains all the dependence on ¢ . In the g® — 0 limit only the o5 term
survives
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PCAC models||

Equation
do G2 2 u? do v? do uv do dA
= ——FE <—€—> (——=+ L2 > 4 ),
dg?dy dt dprq 1672 71?2/ 27 dt 2w dt 2 dt dt dorq

should be the starting point to evaluate differential cross sections with respect to 6., the

angle made by the pion and the incoming neutrino. As shown in Hernandez et al. [Phys. Rev

D 80,013003 (2009)]
¥

L k| — |k'| cos 6
cosbr = k- kr = ﬁ sin @’ sin O q cos prq + | _,|‘
q q

cos Orq ,

The incoming neutrino energy and the variables ¢ and y determine |&’|, || and ¢’, while,
within the E. = ¢° approximation, ¢ fixes 0.q [t = —7 % — k2 4 2|7 ||kx| cos 04 ]

Knowledge of ¢, is needed unless g> =0 = ¢’ =0
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PCAC models|||

Integrating on ¢, one arrives at ( T. D. Lee and C. N. Yang, Phys. Rev. 126, 2239 (1962))

do G2 ( q° ) sdor s dor dog
= EFr | — . (u E— (Y
dg?dydt 1672 7|2 dt dt dt

This is the actual starting point for PCAC-based models

At g2 = 0 only o5 contributes and one has

™ - - *
T Tk (171 Hoo + ¢°|7| (Hoz + Hz0) + (¢°)? Hzz) "= quav H" = qu I (v TR o)

Since the vector NC is conserved we are left with the divergence of the axial part. Using
PCAC

Q,ujf\;c — <Ngs7ro(k’rr)|q,uAlf\[C|Ngs>q2:0 — _21f7rT (Ngsﬂ'o(kw) — WO(Q)NQS) ,
q<=0
— ¢* dos — _4& £2 do (7ONgs — 7°Nys)
dt |,2—0 kT dt 42=0

and then, neglecting the nucleus recoil (¢° = E,), one can further write

do B G?f2 Euv do(mONys — mONgs)
d?dydt|,2_og 272 |7 dt

q2=0, Er=q¢"
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PCAC models|V. The Rein-Sehgal mode

To go on-shell one eliminates the g2 = 0 restriction on the = A cross section. Besides, for
g # 0 a form factor is added.The final answer would be

do  G?*fZEuv _, do(m"Ngs — wNys)
dg?dydt ~ 2w2  |q| 4 dt 5

— 40

with
Ga=1/(1-q¢*/m%)

This is the Berger-Sehgal model for NC coherent 7% production [Phys. Rev. D79,053003
(2009)].

In the Rein-Sehgal model [Nuc. Phys. B223, 29 (1983)] one further uses

E 1—
iw - =Y (exact for g = 0)
[ Y
do(7ONgs — mONgs)
dt

do(mON — 7ON)

— |Fa(t)|? F
| A( )| abs di o

—

with Fa(t) = [ d37 ei(@=F=)7 (i) the nucleus form factor and F,;, a t—independent
absorption factor that takes into account the distortion of the final pion.
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| mprovements on the Rein-Sehgal model

One can easily eliminate two approximations made in the RS model

9
L 2
FA()]? Fape — ‘ [ @ a7 pir, 2
where
1 o0

]f‘(b’ Z) = exp <_§Uinel / dz/p( b2 + z/2)>
9

do(mr"N — 7ON) donsp(mON — 7ON)

di . di

Besides
® We will also use % instead of 1_Ty
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M odel comparison

— Rein-Sehgal model — Microscopic model. Only A. CA(O):1.2
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Conclusionspart ||

# Itis not justified the use of the Rein-Sehgal model for low
energy neutrinos.

# Itis a good model for high energy neutrinos and heavier nuclei for

which the nucleus form factor selects ¢t ~ 0 = ¢? ~ 0.

#® Eikonal approximation is not appropriate to evaluate pion
distortion at low energies.

# It should become better at higher neutrino energies that imply

higher pion energies.

® PCAC-based model predictions for angular distributions
with respect to the incoming neutrino direction might not
be reliable.
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