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PION PRODUCTION IN AHYBRID MODEL

Natalie Jachowicz, R. Gonzalez-Jimenez, A. Nikolakopoulos, K. Niewczas, J. Nys




« Detailed microscopic cross sections calculations for neutrino-induced pion

production
 Formalism valid over a broad energy range
e Taking into account as many nuclear physics aspects as feasible
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I. Single pion production on the nucleon — some 1ssues of the LEM model ...
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* Based on crossing symmetry

1(p) 3(p,)

M(p1,p2,P3,P4) = Milp1, —P3, —P2,P4)

1+2—-3+4
MS(S&tau] = Mt(tasau]

: 3(- 4
T. Corthals, PhD, UGent 2005  direct ( p:*) (p“)
s-channel
crossed
t-channel

 Amplitude can be expanded in a Legendre series

M,(t,s) Z (21 4+ T)M(t)Pi(cosB;) = M(s,t)
=0

=_—
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The expansion expression can be transformed to a contour integral in the complex angular momentum plane

M (s, t) =
A Im (%)
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Regge recipe :
* |dentify the appropriate Regge trajectories
* Establish t-dependence of amplitude

* Replace propagator by Regge propagator °[
1 I
t —m?2 ol

| |

g Kaskulov and Mosel, |

| x..,«jjil': o PRC (2010) ]
Pr(t,s) = —aon () [—ax(t)|(afs)or®  beir . e ]
t [GeV']

Regge theory provides the s dependence of the amplitude at high energies
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Reggeizing the vector current : CVC — based on models for electroproduction of charged pions

* M. Guidal, J.-M. Laget, and M. Vanderhaeghen, Nucl. Phys. A627, 645 (1997).
M. Kaskulov and U. Mosel, Phys. Rev. C81, 045202 (2010).

M. Vanderhaeghen, M. Guidal, and J.-M. Laget, Phys. Rev. C57, 1454 (1998).
* T. Vrancx and J. Ryckebusch, Phys. Rev. C89, 025203 (2014).
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Identify the Regge trajectory for the axial current
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Reggeizing the axial current : PCAC -

CTp + PPp + Npa + CNPa

ReChi model: One free parameter in
the boson-nucleon-nucleon vertex

|
Fulfill PCAC i:i_»l_k »i_ki‘a_k

GAlQ? s(u)] = g4 (1+AApn ()P )

(.9

., M2
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g

O = cos® ¢(W)Ocnpr + sin? ¢(W)O rechi

T 1
o(W) = 9 (1 1 _I_EXD[WLW{]})

W<1.4 GeV : LEM model : resonances + ChPT background
W>2GeV : Regge background contributions

I}
MT NATALIE JACHOWICZ NUSTEC WORKSHOP ON SHALLOW- AND DEEP-INELASTIC SCATTERING, GSSI, OCTOBER 12, 2018

UNIVERSITY



UNIVERSITY

W“i 1.4 GeV

R— ‘v’l+p—::v-|.l. + 7 +p—;
,__T___ - L _.l_. ]
6 - —
af - -
! —— Hybnd = ANL .
5| _— LEM(wf) & BNL _

[ LEM MuWro
ﬂ: ER SN IS T N S AT (A S T AR S T A B B
:"|""|'"'|""|""|'-"'|+""_
. V N —> 1+
S _1_ — = LT .—
1 >—{—<+} L 3
Sk + -
{j:_w":||||||||||||||||||||||||||||:
R s

— i} ]
VFn > T p

NATALIE JACHOWICZ

20—y : ) ;
0 v +p—:=-]J 4 +p
“g IS PR
LF [ ) "-‘_..'-' -
Z_10F pm=c ? _
o SE g : 1 :

n:-..!:lrl IS T T T N TN T TN T [N TN T TN A ST Y T W

:I_;I I 'r' L |"_I ' I-II-I ":
~10f . EFT:TIT: V F > T A
g gf— Hybrid ; ez
.Y F-- LEM(wff) o ]
"E: El:—._ LEM ,' .ﬂ;.ﬁ“' ]
= 4f NuWro -,

s
D-I

ND cut in W

E, (GeV)

NUSTEC WORKSHOP ON SHALLOW- AND DEEP-INELASTIC SCATTERING, GSSI, OCTOBER 12, 2018



Plane waves (for the moment...)

A _/ \ N _ + comparison with NuWro final state
hag = D | AFVE(R) 6" (1Ol 0 (1) W (r) €197
: 4 A + investigate effect of medium modifications
: LD
not yet 4

Relativistic mean-field
wave functions
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I[V.Hybrid RPWIA model — results and comparison with NuWro
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IV.Hybrid RPWIA model — results
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IV.Hybrid RPWIA model — results
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IV.Hybrid RPWIA model — results
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IV.Hybrid RPWIA model — results
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Plane waves (for the moment...)
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V.Extending the Hybrid model — distorted final state
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do/dT, (10~*em? /MeV)
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V.Extending the Hybrid model — distorted final state

I
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* Detailed microscopic cross sections calculations for neutrino-induced pion production
* Formalism valid over a broad energy range

* Taking into account as many nuclear physics aspects as feasible

e Estimate effect of FSI in comparing with NuWro
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