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GiBUU Status

Â GiBUUis a fairlymatureproject

Â During the last yearonly a few internal, technicalimprovementshave

happened

(will find their wayinto GiBUUv 2018 later this year)

Â In this talk I will, therefore, concentrateon new resultsand newproblems
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Â GiBUU : Quantum -Kinetic Theory and Event Generator

basedon a BM solutionof Kadanoff-Baymequations

Â GiBUUpropagatesphase-spacedistributions, not particles

Â Physics content and details of implementation in:

Buss et al, Phys. Rept. 512 (2012) 1 - 124

Â Code from gibuu.hepforge.org, present version GiBUU2017

Details in Gallmeister et al, Phys.Rev. C94 (2016) no.3, 035502
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GiBUU general structure
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Any sophisticated theory FSI - machinery
Main strenghtof GiBUU: FSI
Testedon manydifferent reactions

Forneutrinosthe flux average
in the init stateletsyougetaway
with anyreasonabletheory



GiBUU Ingredients

Â Initial State Interactions (for g, e, n)

Â NuclearPotential, r- and p-dependent, from realisticenergy-densityfunctional

Â Momentum distributionfrom localFermi-gas

Â All targetnucleonsareboundin the potential, minimizesRPA

Â 2p2h from phenomenology: e-scattering

Â Pion productionfrom resonancemodelMAID 2007

Â DIS from PYTHIA (Kai Gallmeisterôstalksat SIS/DIS workshop)

Â Groundstatemust be very same for all processes

Â Bad Example: usingdifferent groundstatesfor QE (free Fermi gas) and 2p2h (local

Fermi gas) introducesunphysical(tunable?) degreesof freedom
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GiBUU Ingredients
Â Final State Interactions of producedhadrons:

Â Quantum-kinetictreatment, basedon Kadanoff-Baymequations

(propagatesphase-spacedistributionsin potentials, not free particles), no needto

worry aboutbindingenergyparameters.

Â Interaction ratesrespecttime-reversalinvariance(asfar aspossible)

Â Example: pion productionand absorptionmust comefrom the verysame model:

pN ĄDĄpN. Any treatmentthat doesnot respectthis relationviolatesbasic

physicsprinciplesand introducesartificial(tunable?) parameters.

Â Bad example: pi productionby RS, pi absorptionby Oset cascade

Â Potential of outgoinghadronsis the same asin the initial production

Â Bad example: spectralfunctionfor the isi and then free out-propagation introduces

unphysicalforcesinto the process
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Inclusive QE Electron Scattering

Â a necessarycheck for anygeneratordevelopment
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0.737 GeV, 60 deg, Q2 = 0.47 GeV2                       Target: O 0.56 GeV, 60 deg, Q2 = 0.24 GeV2    Target: C



T2K Inclusive Cross Section
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S. Dolan et al,
Phys. Rev. C 98,
045502 (2018)

Target: CH

GiBUUcurvesdiffer by
factor 2 in 2p2h



Intermediate Summary: QE + 2p2h

Â QE + 2p2h crosssections(miniBooNE) aswell asfully inclusive ones

describedquite well with GiBUUĂout of theboxô, no specialtune

Â Now: 0-Pion Events
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Total
QE+2p2h
2p2h

0-pion (QE -like) Events

Â CH

Â H2O
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T2K H2O data,Phys. Rev. D 97, 012001 (2018), GiBUUcalculation: Phys.Rev. C97 (2018) no.4, 045501 

T2K



Intermediate Summary: 0 -pion events

Â 0-pion (QE-like events) are described by GiBUU quite well ôout of the boxõ . They 

always contain effects of pion production and absorption, any theory (or 

generator) for 0-pion must contain these processes!

Č Inclusive theories without these degrees of freedom 

(e.g. scaling approach, GFMC, é)  

cannot directly be compared with any experiment, 

need additional theory input

ÂNow: Pions
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T2K Pi+ on H2O

NUINT 10/2018

H2O target

Mosel, Gallmeister,

Phys.Rev. C96 (2017) 015503 

40o



T2K ND Pion on HC
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Data: T2K, 
R. Castillo Fernandez
Barcelona thesis2015

Calc: GiBUU, arXiv:1708.04528

40o

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


MINERvA Pions
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CC chargedpionson CH, W < 1.8 GeV, multiple pions

Data: McGivernet al, Phys. Rev. D94, 052005 (2016)      GiBUUcalc: Phys.Rev. C96 (2017)  015503
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p+/- Production on LAr
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ArgoNeut
Phys.Rev. D98 (2018) 
052002

Neutrinos

Excellentagreementof
GiBUUwith Ar data
NO Tune
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p+/- Production on LAr
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ArgoNeut
Phys.Rev. D98 (2018) 
052002

Antineutrinos

Excellentagreementof
GiBUUwith Ar data
NO Tune

40o



Intermediate Summary

Â Pion kineticenergyspectraand angular distributionsare well described

for T2K (C and O targets) and for ArgoNEUT, no specialtune

Â Pion kineticenergyspectrumfor MINERvAquite reasonable, with weak

indicationof too low X-sectionat low pion momenta, and clearlylow

X-sectionfor q< 40 degrees

Â MINERvAX-sectionpuzzle: datacontaingenerator-producedcuts, bothon fluxand 

on W, both haveto reconstructed!

-> repeatanalysiswithout flux cuts, replaceby cutson muonkinematics

if W cut, then only on measurableoutgoingp-N.
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Challenge: 40Ar (DUNE)

Â
40Ar not isospinsymmetric, N > Z Ą T = 2 

Â What about2p2h Isospin-dependence?

Â Relation of 2p2h to electronscatteringprocess?

Â Massdependence?
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2p2h Theory 

Â 2p2h X-sectionassumedto be purelytransverse-> only 2 structure

functions

Â W1 for electronsand neutrinos relatedby theĂLyon relationô

(Ericsson, Marteau, Martini et al) 
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2p2h Theory: Structure Functions
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W1

W1 from data analysis

of Bosted and Christy

for wide kinematical range

0 < W < 3.2 GeV

and 0.2 < Q2 < 5 GeV2

Ericsson, Marteau, Martini:

FromWigner-Eckart theorem(Walecka)



2p2h Theory: Isospin dependence

Â W1 and W3 relatedbyĂWaleckarelationô 

Crucialassumption: 

neutrinosand electronspopulatefinal statesthat are isobaric analogues:

Â for 1p1h excitationsexperimentallyverifiedasseenin comparingthe QE peaks

Â For 2p2h excitations: 
Â T2K datahaveclearpreferencefor T = 0 (Dolan et al), 

Â MINERvAdatahaveT=0 and T=1 closeby, with slightpreferencefor T=1

Â Big factor for Ar40: T=2 for Ar, T= 0 for C Ą factor 3 for Ar, comparedto C
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= isospinof target



2p2h Theory: A -dependence

Â A-dependence? Two extremes:

Â If 2p2h is long-range interaction, then PNN ~ A2

Â If 2p2h is zero-range interaction, then (naively) PNN ~ A

Â More sophisticated zero-range: 

Č

PNN(Ar40) / PNN(C12) = 4.2 insteadof 3.3 due to surfaceeffect
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Surface effect:
Mosel, Gallmeister: Phys.Rev. C94 (2016) 034610 



GiBUU Summary

Â GiBUUis a (nearly) consistenttheory and code frameworkfor e + A 

and n+ A reactions

Â GiBUUis not tunedto data, but tries to learnfrom comparisonwith

data, all resultswere obtainedwith thecode Ăout of theboxô

Â GiBUUworks with boundnucleonsin a mean-fieldpotential, minimizing

effectsof RPA and no needto worry aboutbindingenergyparameters

Â GiBUUworks with the same groundstatefor all reactiontypes

Â GiBUUrelatesneutrino2p2h processesto electron2p2h 

Problems: A-dependence, isospindependence
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GiBUU Summary II

Â GiBUUdescribesthe QE+2p2h datafrom MiniBooNE

Â averagemeanfieldsaregoodenoughfor flux integratedX-sections

Â GiBUUdescribesthe pion-datafor T2K (on H2O and CH) and 

ArgoNeut (Ar40),  missesthe forward pionsfor MINERvAon CH2 
(cuts? Coherent? )

Â GiBUUdescribesthe 0-pion eventson water; pion reabsorptionevents

are essential, in particularat forward directions. Must be containedin 

anydescriptionof 0-pion data.

Â For Ar40 the 2p2h contribution is of relativelyminor importancefor

the total inclusive X-section, but hasA- and T-dependenceasopen 

problems

NUINT 10/2018


