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GIBUU Status

GiBUU s afairly mature project

Duringthe lastyearonly a few internal,technicalmprovementshave
happened

(will findtheir wayinto GIBUU Vv 2018later this yeal)

In this talk | will, therefore, concentrateon new resultsandnew problems
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GlBUU

The Giessen Boltzmann-Uehling-Uhlenbeck Project

GIBUU : Quantum -Kinetic Theory and Event Generator
basecon a BMsolutionof KadanoHBaymequations
GIBUU propagategphasespacedistributions not particles

Physics content and details of implementation In:
Buss et al, Phys. Rept. 512 (2012) 1- 124

Code fromgibuu.hepforge.org@resent versionGiBUU 2017
Details in Gallmeister et aPhys.Rev. C94 (2016) no.3, 035502
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GIBUU general structure

Any sophisticatedheory FSF machinery
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full event
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Main strenghtof GIBUU FSI
Testedon manydifferent reactions

Forneutrinosthe flux average
In the Init statelets you getaway
with anyreasonabldheory
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GIBUU Ingredients

A Initial State Interactionddr g, e, n)
A NuclearPotential r- andp-dependentfrom realisticenergydensityfunctional
Momentumdistributionfrom localFermtgas
All targetnucleonsare boundin the potential,minimizesRPA
2p2hfrom phenomenologye-scattering
Pionproductionfrom resonancanodelMAID 2007
DISfrom PYTHIA (KaiGa | | metalksat SI13/Disworkshop

A Groundstatemustbe very samefor all processes

A BadExampleusingdifferentgroundstatedor QE (free Fermi gas) and 2p2lkotal
Fermi gasintroducesunphysica(tunable?)degreesof freedom

> > >» > >
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GIBUU Ingredients

Final State Interactiornsf producedhadrons

A Quantumkinetictreatment, basedon Kadanof#Baymequations
(propagategphasespacedistributionsin potentials not free particleg, no needto
worry aboutbindingenergyparameters

Interactionratesrespecttime-reversalinvariancgasfar aspossible)

A Examplepion productionandabsorptionmustcomefrom the very samemodet
PNA DA p N. Anytreatmentthat doesnot respectthis relationviolatesbasic
physicrinciplesandintroducesartificial(tunable?) parameters

A Badexamplepi productionby RS pi absorptionby Oset cascade

Potentialof outgoinghadronsis the sameasin the initial production

A Badexample spectralfunctionfor the isiandthen free out-propagationntroduces
unphysicaforcesinto the process
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Inclusive QE Electron Scattering

A ahecessargheckfor anygeneratordevelopment
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T2K Inclusive Cross Section

Integrated over all P,

+ T2K Fit to Data
GIBUU 2017 T=1, 12=218.5

GiBUU 2017 T=0, y2=154.7
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S. Dolan et al,
Phys. Rev. C 98,
045502 (2018)
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Intermediate Summary: QE + 2p2h

A QE + 2p2hcrosssections(miniBooNE aswell asfully inclusivenes
describedquite well with GIBUUA o of the b o mé@speciatune

A Now: O-Pion Events
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T2K

T2K H2@lata,Phys Rev. D 97, 012001 (201&iBUUWcalculation Phys.Rev. C97 (2018) no.4, 045501
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Intermediate Summary: 0 -pion events

A O-pion (QElike eventsiare described bsiBUU qu i t e we |l | oout
alwayscontain effects of pion production and absorption, any theory (or
generator) for @pion must contain thesprocesses!

C Inclusive theories without these degrees of freedom
(e. g. scali ng approach,
cannot directly be compared with any experiment,

need additional theorynput

A Now: Plons
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T2K Pi+ on H20

H,Otarget
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Mosel, Gallmeister,
Phys.Rev. C96 (2017) 015503
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T2K ND Pion on HC

T2K N‘D. exp —— ) h | T2K ND exp —e——
\ * L]
~GiBUU : GiBUU
~ .
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R. Castillo Fernandez Calc GiBUU arXiv:1708.04528
Barcelonahesis2015

T GIESSEN
<

; Institut fiir JUSTUS-LIEBIG-
N U I NT 10/20 18 Q Theoretische Physik



http://arxiv.org/abs/arXiv:1708.04528
http://arxiv.org/abs/arXiv:1708.04528

MINERVA Pions

CCchargedpionson CH, W < 1.6eV multiplepions

.-a:I .
@
e
o
@
o
—
FNIE
o
o
b}
o
—
e
=
.:I:
9
=
=]
<
.

0.1 015 0.2 : . : 40 60 80 100 120 140 160 180
T, (GeV) 0, (deg)

Data:McGivernet al, Phys. Rev. D94, 052005 (20168kiBUlktalc Phys.RewC96 (2017) 015503
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p*- Production on LAr
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p*- Production on LAr
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Antineutrinos

Excellenagreementof
GiBUUwith Ar data
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Intermediate Summary

A Plonkineticenergyspectraand anguladistributionsare well described
for T2K (C and Otargetg andfor ArgoNEUT, no speciatune

A Plonkineticenergyspectrumfor MINERvAquite reasonablewith weak
Indicationof too low X-sectionat low pion momenta andclearlylow

X-sectionfor g < 40 degrees
A  MINERVAX-sectionpuzzledatacontaingeneratorproducedcuts bothonfluxand

on W, both haveto reconstructed
-> repeatanalysisvithout flux cuts replaceby cuts on muonkinematics

If W cut, then only on measurabl@utgoingp-N.
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Challenge: #°Ar (DUNE)

A 4PAr not isospinsymmetricN >Z A T =2

A What about2p2hlsospirdependenc?

A Relationof 2p2hto electronscatteringoroces?
A Massdependenc?
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2p2h Theory

A 2p2h X-sectionassumedo be purelytransverse-> only 2 structure
functions

2q° 2

12 _2p2h ~2 A2 7
d* <P G- . o6 | 0 5 0
— E'? cos® — [L’U{ ( “_ + tan® —

dQYdE’ 272 2

A W, for electronsandneutrinos relatedby the Ayonrelationd
(EricssonMarteay Martiniet al)
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2p2h Theory: Structure Functions

W, from data analysis

of Bosted and Christy

for wide kinematical range
0<W<3.2GeV

and 0.2 < Q2< 5 GeV?

EricssonMarteau, Martini:

FromWignerEckarttheorem (Walecka
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2pP2h Theory: Isospin dependence

~

A W, and W, relatedby AValeckarelationd

=isospinof target

Wy =2GAGM BT 2(T +1)

Crucialassumption
neutrinosandelectronspopulatefinalstatesthat are isobaric analogues

A for 1plhexcitationsexperimentallyerifiedasseenin comparinghe QE peaks

~

A For2p2hexcitations

A  T2K datahaveclearpreferencefor T = 0 (Dolan et al),
A MINERvAdatahaveT=0 and T=1closeby, with slightpreferencefor T=1

A Bigfactorfor Ar40: T=2for Ar, T= 0 for C A factor 3 for Ar, comparedto C
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2p2h Theory: A -dependence

~

A A-dependenc2Two extremes:

~

A If 2p2hislongrangeinteraction then Py ~ A?

~

A If 2p2his zero-rangeinteraction then (naively Pyy ~ A

A More sophisticated zerrange: NS /[;13-;-;:.9"{;1‘} =A{p)

C Pyn(A) =0.1454 — 0.147A%3  (fm™3) Surfaceeffect

Mosel, Gallmeister: Phys.Rev. C94 (2016) 034610

Pun(Ard0) / B\ (C12) = 4.2insteadof 3.3 dueto surfaceeffect
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GIBUU Summary

GiBUUiIs a (hearly consistenttheory and codeframeworkfor e + A
andn + Areactions

GIBUUIs not tunedto data buttries to learnfrom comparisonwith

data allresultswere obtainedwiththec o d e ofthely & x 6

GIBUU works with boundnucleonan amearfield potential,minimizing
effectsof RPA andho needto worry aboutbindingenergyparameters

GiIBUUworks with the samegroundstatefor all reactiontypes
A GiBUUrelatesneutrino 2p2hprocessedo electron2p2h
Problems A-dependencgsospindependence
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GIBUU Summary Il

GIBUU describeghe QE+2p2hdatafrom MiniBooNE

A averaganeanfieldsare goodenouc for flux integratedX-sections

GiBUU describedhe piondatafor T2K (on H20 and CH) and
ArgoNeut (Ar40), misseghe forward pionsfor MINERvAon CH2

(cuts?Coherent? )

GIBUU describeghe O-pion eventson water, pion reabsorptionevents
are essential, iparticularat forward directions Mustbe containedin
anydescriptionof O-pion data

For Ar40 the 2p2hcontribution is of relativelyminor importancefor
the total inclusive Xsection but hasA- andT-dependencesopen
problems
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