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Quasielastic scattering

R. Gonzalez-Jiménez Ghent University



d — (N A— 1|Omanybudy|A>

Impulse
Approximation

N'

had — Z/dr wF(r) OonebodyWB(r) e

Fo A

where Oone oy = F1YH +1 a"*Q,
oy 2Mpy

R. Gonzalez-Jiménez Ghent University



Jﬁad — (Ng A T 1 |(§ﬁany—bady|A>

Impulse

Approximation

Mean-field wave N'
functions B

o

A
g = / drWe(r) O, o, Via(r) €9°
/

I I A_l

F2 A

where @ﬁ?e-body — F'I ,-}/H T ’2MN O-PJO{ QOC

R. Gonzalez-Jiménez Ghent University



neutrons

En

(1,1/2,7,61,00)

protons

1pl/2
1p3/2

151/2

1p1/2
1p3/2

151/2

I) Ground state nucleus is a shell model:
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2 The mean field and wave functions are calculated with a Hartree-Fock (HF)

approximation using an effective Skyrme NN force (SKEZ2).

2 Binding energies, Fermi motion, nuclear structure.

IT) Continuum wave functions are calculated using the same mean-field potential:

2 The residual nucleus influence the knocked out nucleon (distorted waves).
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Relativistic mean-field (RMF) model:

v Same philosophy: mean-field wave functions

v Completely different approach: fully relativistic (Dirac
vs Schrodinger)

v Similar results: excellent agreement with QE data

v Same conclusions: mean-field wave functions in both
Initial and final nucleon are essential
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P '=(M, .0)

RPWIA: Scattered nucleon
wf is described as a Dirac
plane wave.
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P '=(M, .0)

RPWIA: Scattered nucleon
wf is described as a Dirac
plane wave.

P =(M,,0) Pr=(E,p,)
RMF-FSI: Scattered
nucleon wf is solution of
Dirac eq. in presence of
the same potentials used
to describe the bound
nucleon wf.
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+ Long-range correlations between the nucleons are
introduce through a continuum Random Phase
Approximation (CRPA).

+ RPA equations are solved using a Green's function
approach.

[ ]= +G\D +>/vv< + ve e + +

H(RPA)(:BD L2y w) = H(O) (9319 L2, w)

+ %/d:c /dm' T2y, @5w) Ve, e ) TEPA (2! 295 w)

Excitations are obtained as linear combinations of different particle-hole configurations.

Wrppa) = {X(xp,o) ‘Ph_l> — Yo ‘hp—1>}
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In our approach, two mechanisms give rise to the emission of two nucleons:

Short-range correlations Meson-exchange currents

ALOg(Momentum distribution)

PhD Thesis

Mean-field

Fat tail: SRC!

1 2 3 p(fm™1) @ (e) ) (&)

The same mean-field model is used to describe the bound and scattered nucleons:

E
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Van Cuyck et al., PRC 95, 054611 (2017)

1plh contributions (vector current)

2p2h contributions (vector current)

R T L R R AP AP APa AP
m P T P2 T @
A7 A
X T A : T i
L A AnS L “% l. Axial current (1plh and 2p2h)
X X
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Good agreement with other predictions [Amaro et al.,
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In spite of the complexity and ambiquities of the calculation, we find good

agreement with other p EXClUSiVE, as well.
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Figure 4.5: The *C(v,, u~ NyN) cross section (N, = p, Ny = p', n) at €y, = 150 MeV,
€, = 550 MeV, 8, = 15° and T, = 50 MeV for in-plane kinematics. Left with SRCs, right
with MECs, the bottom plot shows the (f, ) regions with Pia < 300 MeV /c.

o8

.,
L Tt ey L L] e Y e e

'] ] L 1 L L AL ITRR? VL L L Lizz |
0 50 100 150 200 250 0 50 100 150 200 250 300 0 100 200 300 400 500
w (MeV) w (MeV) w (MeV)

24



0.9 < cosfl, <0.94

[a—
.
T

| --- CRPA

—
= b

= N o= O o

0 200 400 600  R00 1000
pu (MeV/c)

(do/dp,dcos 6,)(107*2cm? /(MeV /c))

MiniBooNE
(QE-like: QE+2p2h)

14

12 [
10

= D = O o

(do/dT,d cos6,)(107*2cm? /MeV)

0.84 < costl, < 0.9

0 200 400 600 800 1000

P, (MeV/c)

0.8 < cosfl, <0.9

T2K

(inclusive: QE, 2p2h, pions, DIS)

0.4 < cosfl, <0.5

30 T T T T T T T T T T T T T T T T T
b [ -t CRPA 1 W ]
[ MEC ( ] 12 - -
20 SRC s 10 - s
15 4 8 .
L 6 L |
10 s
_ 4l .
) g 2L -
i . e I 7 PP N
0 , -L_E 0 fo M tassbkussunns . Sy S
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000
T, (MeV) T, (MeV)

25



Single-Pion Production on
the nucleon

Gonzalez-Jiménez et al., PRD 95, 113007 (2017)

R. Gonzalez-Jiménez Ghent University
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Low-energy model for pion-production
on the nucleon:
ChPT background + resonances

Valencia model (PrD 76 (2007) 033005, PRD 87
(2013) 113009)

Resonances: ChPT background:
P33(1232), D13(1520), 0 y y
S$11(1535), P11(1440) Az @ ) A
# N N’ N N’
4 Rl .
4 P Q ’ Sl
N s N’ s N’ Q - \k"\‘ (f ?
A, w *
) . N
N N' N N' N N
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Low-energy model
(resonances + ChPT bg)
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dodT_(10™"em’/MeV)

R. Gonzalez-Jiménez

W values? We don't know...
+ Fermi motion
+ Flux-folding

Therefore, we need reliable
predictions in:

+ the resonance region
W <2 GeV,

+ the high-energy energy
region W > 2 GeV

30

Ghent University



Regge approach for the vector amplitudes.

We use the approach of Guidal, Laget, and Vanderhaeghen [NPA627, 645 (1997)],
originally developed for pion photoproduction (Q? = 0):

1) Feynman meson-exchange diagrams are reggeized.

= i =)}
L

(98]
—T T

o ()

- ]' T PRy Kaskulov and Mosel, |
- of = m PRC (2010) |
’\‘\a’\"r“ t — m2 R S L I B
Y t [GeV?]
5 . ; The pion propagator is replace by the

Regge trajectory of the pion family

Pr(t,s) = —arpn ()T [~ an ()] (af5)* "
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Regge approach for the vector amplitudes.

We use the approach of Guidal, Laget, and Vanderhaeghen [NPA627, 645 (1997)],
originally developed for pion photoproduction (Q? = 0):

1) Feynman meson-exchange diagrams are reggeized.

2) s-channel, u-channel, and contact term diagrams are included to keep Conservation
of Vector Current.

. 1
;- P

’\’\‘L\"‘T’ ﬂ_ 0 .

Q ,/;

Y e, | |
—— N N’ The pion propagator is replace by the
N N : : :
Regge trajectory of the pion family
A ey

N N' N N
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Figure: High-energy model (red lines), low-energy model (blue lines) and

electron-induced single-pion production data.
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Regge approach for the axial amplitudes.

We need meson exchange diagrams to apply the reggeization procedure of the current.

Effective rho-exchange diagrams. This allows us to consider the rho-exchange as the
main Regge trajectory in the axial current.

r KR
VRO i x ('r”ﬂﬁo*"’fﬁ,v)
Q , T -
\_\"1 A — @ "‘F'g We consider K = O so that the low-energy
—y - - model amplitude is recovered.
N F,,(t} , N

The propagator of the rho is replaced by the Regge trajectory of the rho family:

Polt,s) = —ajpp()T[L — ()] (crs)* )™
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Regge approach for the axial amplitudes.

We need meson exchange diagrams to apply the reggeization procedure of the current.

Effective rho-exchange diagrams. This allows us to consider the rho-exchange as the
main Regge trajectory in the axial current.

-~ 2
@ d - mp
\-\_\‘\(,f’(’f —> A OCTp i mg — FAM( \/_f':r
N E() N N N
Q R \a\-.:._ _w» ] B
x A — Eﬂ f We consider K = 0 so that the low-energy

—y - - model amplitude is recovered.
N F,t) N’ N N'
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“Reggeizing” the ChPT background:

O%eChz’,V — OghPT,V Pr(t, s)(t — m’?r)

H_/

/

high-energy model. low-energy model (only
ReChi (from Reggeized the ChPT background)
ChPT background )

The pion propagator is replaced
by the Regge propagator of the

pion trajectory

2
O%eC’hi,A — Og’hPT,A P,(t, s)(t — mp)
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FIG. 21. (Color online) Different model predictions
for the differential cross section do/(dQ*dW), for the
channel p(v,, u” 71)p. The incoming neutrino energy
is fixed to E, = 10 GeV.
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W<14GeV

v +p—>I|I.LI—+1t1—_|—IpI

— Hybrid
—— . LEM(wff)
— LEM

= ANL
+ BNL
- — NuWro

R. Gonzalez-Jiménez

No cut in W

v +p—:>u A—TI: +p

Ghent University
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Electroweak one-pion
production on nuclei




Relativistic Impulse
Approximation

Plane waves (for the moment...)

A N |
)6 ()l 1) V(1) €9

f A b
not yet : L ?

Relativistic mean-field
wave functions

8-fold differential cross section:
Computationally very demanding

s mm Mypy ke k=
d(sfdedEﬁ'dQﬂ'dQN (27T) EN frec g

= My
fi
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MiniBooNE neutrino CC l1pion+.
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v QE scattering: Mean-field wave functions in both bound and
scattered nucleon are important: long tails in inclusive cross
sections, redistribution of the strength, position of the peak.

v 2p2h is induced by two mechanisms, SRC and MEC. Preferably,
mean-field wave functions.

v Single-pion production: Low-energy models should not be used
In high-W regions. We propose to combine the low-energy model
with a Regge-based approach: Hybrid model.

Future: Lot of work to do...

R. Gonzalez-Jiménez Ghent University
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*Regularization of the residual interaction :

g =121 [MeV/c], Q% = 0.015 [(GeV/c)]

q = 508 [MeV/c], Q% = 0.242 [(GeVic)]

sr)

1000

eV

d?c/dwd (nb/M
[%,]
2

T T T
E =200 MeV, 6 = 36°

[ ‘ | |
E = 560 MeV, 9 = 60°

%

d?c/dwdQ (nb/MeV sr)
M

=

50
© (MeV)

q =675 [MeVic], @’ = 0.408 [(GeVic)]  q =916 [MeVic], @ = 0.700 [(GeVic)]
TT T[T T[T T[] T[T TTITTIT 1]
~ E=1108MeVv,6=375" | [ E=1501MeV,6=37.5° 7
I NP S Ry = s ]
- f’/ e Y »/ —
- J 4 £ F :
:j}’ 1 - f -
L e oL L s

200 400 600 200 400 600 800
o (MeV) ® (MeV)

V(Q*) — V(Q*

Uncorrected

—— dipole

45



Relativistic corrections at higher energies (J. Jeschonnek and T. Donnelly, PRC57, 2438 (1998)):

—— Uncorrected S h |ft

Relativistic shift

A- A+ 1) A= w/2My
q =443 [MeV/c], Q*=0.186 [(GeVic] =586 [MeVic], Q%= 0.315 [(GeVic)]

=TT T T O T T T T T TTH  The outgoing nucleon obtains the correct relativistic
E =730 MeV, 6=37.1 E= 961Me\f9 37.5° momentum

[ 2]
(=]

d?cldod( (nb/MeV sr)
= =
LI
\>
b
Hl
~I
n
- ]
S Wl il
|| [

* Shifts the QE peak to the right relativistic position

L . " Vv q v
U |2(|]0 SEEY L | | L i f BOOSt . Rioc(qw) — mRCC(q,w),
o (MeV) m(MeV] .
q=675 [MeVic], G? = 0.408 [(GeVic)]  q=791 [MeVic], O = 0.543 [(GeVic] RA (rw) — (14229 pA (4w
.:_|||||||||\||| LTI [TrI T L(9;w) +4m2 L0 @),
> [ E=t108Mev, 375 ] E=1299 MeV,375° - @ — o
% 4= ﬂ\ — N = RY(q,w) — TR'}{(QM),
s L - ]
g "’-;. M"‘-‘_‘ A ¢~ LA
2 2— 1 / — RT(QJL‘)) - 1+ 9 RT(Q5w)a
3T / _ dm
‘:'B B d'..‘ ]
® %1 L | | >\u L] gk ;00\ | |440| L] RVA q? — w? . q% — VA
o (MeV) ® (MeV) I (q,w) - qg Am2 I (Q: )
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V. Pandey's PhD Thesis

= Alimitation of RPA formalism at lower energies:
-~ energy position of the giant resonances is generally well predicted

- width is underestimated

- height is overestimated CRPA: Without Folding, CRPA: With Folding
q ~ 95 [MeV/c], @° ~ 0.009 [(GeVi/c)] g ~ 121 [MeVic], @° ~ 0.015 [(GeV/c)]
' T A R I I__| NnENREEE
— 1 1500 ]
Fnldlng E‘ISM:— E = 160 MeV, ¢ = 36" — I | E=200mev, B =36° |
e o | E
<1000 — - C .
oo %‘ - ] — ]
R'(g.w') = f dwR(g.w)L(w,w") ESW:— — = | B
- q:I: 50 m— 1I!I]l: “h: - 50 : : 1I!I]l_
L(w o f} B 1 [ I :| q - 610 [MeVic], @° - 0.340 [(GeV/icY] q ~ 586 [MeVic], @ ~ 0.315 [[GaVic)]
s = 2 3 AL R R LU
27 ((ﬂ ﬂ_]:l +(r/2) E 35—  E=680MeV, t =60° = E = 961 MeV, 8 = 37.5° _
_ : T g
r= 3MeV . 5L B
= - - e
é - ] — |
% ; _ 4 ]
og g
w (MeV)
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RMF model provides a microscopic description of the ground state of finite nuclei
which is consistent with Quantum Mechanic, Special Relativity and symmetries of
strong interaction.

The starting point is a Lorentz covariant Lagrangian density Extension of the original
L 1 o0-w Walecka model
L = V(iy,0"— M)V + 5 (3”53;55 _ mgag) — Ul(o) (Ann. Phys.83,491 (1974)).
1 , 1 1 L, 1 1 y
— EQWQ‘“’ + §miwpw“ — ZRWR‘”’ + Emf}ppp“ — EFWF“
T = — 1+ 73
— goVoW — g, Wy,w'V — g, Uy, 7"V — g, 5 Wy, AP
where
/ Main approximations: \
O = 9Hw” — 9wt 1) Mean-field approximation:
RM = 6‘“,0" — 3“,0” , Wy — (w#> o — (G-> p,u, — (pp:>
R = grAY — 0¥ A* . 2) Static limit:
U(Cl') — %926‘_3 + %9304 (90(-00 — 80p0 — 9% =0 Wy = 5,u0w01 Py — 5p0p0
3) Spherical symmetry for finite nuclei:

. wo=w(r) Po=p(r) o=0(r)

AN R
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Dirac equation for nucleons (eg. of motion for the barionic fields):

where the scalar (S) and vector (V) potential are given by:
S(r) = goo(r),
1+ 73
2

A°(r) Current densities

ps(r) Zﬁ(r)xp r

Vi(r) = gwwo(’r) + nggpg(’r) + e

Egs. of motion for the mesons and the photon:

T T
—V2 4 2] () = —gopa(r) — 920°(r) — g0*(r). ) = R
[-VZ+mi] () = —gups(r), po(r) Z‘I!I(rm\h(r)
[—V2+mp] 103(?’) = —gppp(?“), 1+’T
_V2AO = €P¢ Z‘DT 3 )

Solution of the couple equations for the fields in a self-consistent way.
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In general, the parameters are fit to reproduce some general properties of some
closed shell spherical nuclei and nuclear matter.

Parameters for the NLSH model (fitted to the mean charge radius, binding energy and
neutron radius of the **0, “°Ca, °Zr, ***Sr, **Sn and ?°®Pb.

/| ¢free
My My My, mp Jo Ju 9p go gs parameters

939.0 526.059 783.0 763.0 10.444 12.945 4.3830 -6.9099 -15.8337

s, Ipy,, Ip,)
[—iac- V + V() + B(M + S()]Wi(r) = E(r) ey QA Od g
I 0.3F = -

- 1 02 E
v, (r) = 9:(r)ee () 7 o ;
. M4 ] ] N
ifi(r) e () | E|
- 1 m 5 4-0.01F 3
o -"(Qr) — Z(EmEESljm‘?)}% E(Qr)X g-0.0ZZ 10.0oF E
e 4-0.03F =
g 004026 s
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Channel AP CAP N P C N P Others

p—m+p| \/3/2 /1/6 1 Channel | AP CAP NP CNP Others
non’+p|-V/1/3 /1/3 x/_ —\/T p—m +p| V13 V13 1/2 1/2 0
n—at+n| 1/6 /3/2 —1 p—nt+n|—/1/6 /1/6 1 1 1
n—n +n|3/2 /1/6 n—n +p| /16 —/1/6 1 1 1
p—=n’+n| /173 —«/U_B—v/_ v/_ \/_ noa’+n| VI3 VI3 —IZ —I2Z 0

pon +p|/1/6 /3/2 1
_ Table: Isospin coefficients for the neutral
Table: Isospin coefficients for the CC reaction. current (EM and WNC) reactions.

I S P Mg wN-br TS5, fxNR
Ps3 3/2 3/2 + 1232 100% 120 2.18
Dis|1/2 3/2 — 1515 60% 115 1.62
Pul1/2 1/2 + 1430 65% 350 0.391
Sul1/21/2 — 1535 45% 150 0.16

Table: quantum numbers and other
parameters of the nucleon resonances.
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Delta propagator:

—(Ka + Ma) 1 2 2
SA,aB = afB T 7V« - Ka,ao K — —(vaK — Ka,a
Ao K2 — M2 + iMa T Jap = 3778 S aakas = g (vaKa,g — Ka, ’YB))
2
with the energy dependent Delta Co (W) = 1 (fna) 3(M 4+ E
width: wiatn (W) 12r mwW (Pr,em)”(M + En,cm)

free in-medium free in-medium free
Mwidth — T width = lpaui — 23(Xa), Ma — Ma = Mx° + R(Za).

+ [paui: SOMe nucleons from A-decay are Pauli blocked (the A-decay width
decreases).

+ The parametrization of &(Xa) and R(X4a) is given in terms of the nuclear
density p:

—3(Za) = Coae(p/po)* + Caz (p/p0)? + Caz (p/p0)” .
R(Xa) = 40MeV(p/po)-

We modify the free AnN-decay constant (farn) to take into account the
E-dependent medium modification of the A width:

fﬂﬂ' N rfree

in-medium(w) — A N\/rF‘auli +2Cqe (p/po)”
width 52
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//(7T
N AN
—3(Xa) = CoE (,O/,Og)& + Cpo (p/pg)ﬁ + Cas (P/PO)P}’
Each contribution corresponds to a We modify the free Delta decay constant

different process: to take into account the E-dependent
. o medium modification of the Delta-width
@ QE = AN — 7NN (still one pion in

the final state) Faxn = Fna Pr

i

@ A2 — AN — NN (no pions in the
final state) in-mediom 17y _ £, N\/rPauli +2Cae (p/po)”

fﬂﬂ” rfn_ae
@ A3 — ANN — NNN (no pions in width
the final state)

References: [*] E. Oset and L. L. Salcedo, Nucl. Phys. A 468, 631 (1987).
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J" = (Jap) + Jear) + Jery) + {Jera) + Uxp) + {Joxp) + (Jpr) + (Jpp)

PHYSICAL REVIEW D 93, 014016 (2016)
Watson’s theorem and the NA(1232) axial transition

L. Alvarez-Ruso,' E. Hern::indez,2 J. Nieves,1 and M. J. Vicente Vacas®

We present a new determination of the NA axial form factors from neutrino induced pion production
data. For this purpose, the model of Hernandez et al. [Phys. Rev. D 76, 033005 (2007)] is improved by
partially restoring unitarity. This is accomplished by imposing Watson’s theorem on the dominant vector
and axial multipoles. As a consequence, a larger C4(0), in good agreement with the prediction from the off-
diagonal Goldberger-Treiman relation, is now obtained.

r T T T T T T T T ] Gl T . T r T T &0 T T T T T
16 oy : i ; ] i . ]
14] Vo] sob |[— Q’=035GeV’ i sol. [— @¥=035 Gev? i
I ¥ ] - V2 - W
12 A ! = 1.05 Ge ] ! Q= 1.05 Ge
by 2
210 z
2 8
¥ 6
al W, =1232 MeV ]
af _'
l] 1 1 1 1
0 0.5 1 1.5 2 25
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FIG. 5. T2K flux-folded inclusive CC double-differential cross sections per target nucleon on ' plotted as a function of muon momentum
Pu. for different bins of cos #,. CRPA (solid curves) and HF (dashed-curves) are compared with T2K measurements of [12]. 55



200000 SR 800 . ; ey
4.499GeV, 4.00deg 1 2.238GeV, 21.95deg | 80F 4504GeV, 1802deg 1 4
150000F | — Hybrid ook [ W /
—— LEM(wff) /" ] 60 ' 1 7
woooof- || ;ﬁ;"fim‘ o Jaoof 0 / /,’ ]
§5{m07 . @ <200 g il ©
e L e
8 [44126ev, 50950 | ] 2238Gev. 1995deg | 104GeV, 18deg B
g 060 [[[ | J,f _: 13 [] ; ,,F ] 1.2 [mjd ‘/ ]
g b I [V i i sk ‘]m K
.,‘(;ll ;o 1+ ; e
02 A i 04F
N @ A ) )
L R S N
W (GeV) W (GeV)
T T T
60000 1GeV, 4deg | 400001 P33 4.5GeV, 4deg
P 1 30000 .
> 1 20000f ]
2 20000 b, 7 10000f | WeoooommmmT :
g I LR : \D.
w ol b ot 7
S, b T ool AL
g 5f 1GeV, 170deg [3 PP DL 4.5GeV, 170deg
= E [ r 7
i) 4E E 0.0015F '
3 1 0.001Fp ]
2F E : ;
W 3 0.0005F
0 01 1.5 2 2.5
W (GeV)

The pathologies come from the

resonances and background terms
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Cross channels: I

At ) =y (20+1) Al(t) Py(2))

¢
S— 00 ¢ — -| 25
Direct channels: >—<
2t

A(s, 1) = (20 + 1) A(S) Pu(zs) | Zs =C08bs =1+ —
¢

l : :
s—4 m2 ) Behavior at threshold (barrier factor).

A g( S) ~ Feynrr_lan diagrams provide the right
2 behavior at threshold but not at high s
R. Gonzalez-Jiménez Ghent University
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Based on unitarity, causality and crossing symmetry, Regge Theory

predicts the following high energy (s — © ) behavior for the invariant
amplitude:

A(s,t) ~ B(t) sV

a(t): Families or Regge trajectories

Regge theory does not predict the s
t-dependence of the amplitude. st

For that, one needs a model.

T Kaskulov and Mosel,

of s PRC (2010) ]
o 1 2 3 4 s s

t [GeV]
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A(t,8) =) (20 +1) A(t) Pe(z)
/

2s

Zy = =1+ ——-
t = COS 0 +r—4m2

1.=0 + L=1 + ...

) 1+E+3+§/ N ,’\12—:-34
A Y £

S— 00
m? —t

Pi(z) —= (2s)"

59

R. Gonzalez-Jiménez Ghent University



M (s, 1) = — .I_ﬂ[; dA(ZA'l' 1) M (t) Py (—cos 0¢)
G

21

--------
L]
-y
oy
-

C “
sin (7TA) - e
“O )
s
E--==r.u'.hs-[5+t} —CE (—) o
T \so/  sin(mag (1))
14 iE_{nﬂli:{tj 1
z M (el (t)+1)
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4 roror et L L L
- W>2GeV PP (VI
|4 pvwp) -7 NoWe®)
O 3w s ;
=
%O
! NuWro (V) }
% / A
eChi
© + (fitted) i
_ _ReChi________

1 | 1 1 1 1 | 1 1 1
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Figure: ReChi model and NuWro predictions are

compared with high energy cross section data for neutrino

and antineutrino reactions (Note the high energy cut W>2
GeV !l). Data from Allen et al. NPB264, 221 (1986).
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ReChi model: One free parameter in
the boson-nucleon-nucleon vertex

R

GalQ® s(u)] = (”AAPR»- [5(u)]? )

M2
Ao (5) = Mg + (A — Aggm) (1——)

S

AL = (7.20+ 7:95) GeV NI

NuWro: Based on DIS formalism and
PYTHIA for hadronization.

Antineutrino cross section is ~2 the

neutrino one:
p T
~ = ~ =
v+ uud = pt + ad +uud,
v+uud — - + ud +uud.
—~—

Tr+
61

Ghent University



1) Regularizing the behavior of resonances

(u- and s-channel contributions): we multiply the
resonance amplitude by a dipole-Gaussian form

factor

F(s,u) = F(s)+ F(u) — F(s)F(u)

s & 2
g 8 38

_____

=

T T T

e 4.5GeV, 4deg
Py ¢ & E
\ ]
|- Ay ’,:
PJ,}—-I‘/ ]

2
n

do/(dQ_de ) (nb/GeV)

= =
Ln —_— n [
T T

=
—

F(s) = exp (_(8 ;4;‘4?1)2) ( A

2) Gradually replacing the ChPT background by
the High-energy (ReChi) model: we use a

phenomenological transition function

o

O = cos? d(W)Ochpr + sin® d(W)ORechi

(W) == (1 _ - ) Wo = 1.7 GeV %3
2 1+ exp 1) " L =100 MeV

[W—Wﬂ
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