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• alternate FSI models, new physics
• Large libraries sometimes needed 
• Better physics for low energy experiments
• interesting tests vs. GEANT in detector
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 Dennis Wright did initial work to get GEANT into GENIE, 
Robert H. and Marc V. did final work.

 Marc V. and I did physics work for INCL++ in 
communication with D. Mancusi, Robert did build 
framework.



INCL++ intro
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 Work of group in France & Belgium to describe hadronic 
interactions with emphasis on low energies, use v5.2.9.5

 INCL++ uses C++, easier to interface to GENIE
 Same final states as we have, also emission of g, 2H, 4He… 



A little detail
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 INCL++ is a cascade code at higher energies, mean free 
path is large and results are similar to what we get

 Nuclear structure comes from ~local Fermi gas, but all 
nucleons are moving and in a binding potential (RMF)

 Degrees of freedom are nucleons, pions, and D’s
 Cascade is in time/distance
 This stops at a time ~40fm/c=1.3 x 10-22 s
 ABLA takes over, does evaporation (low energy n, p, g, 

and a) and clusterization (2H…) over a longer time
 g emission is statistical in energy, less detail than Marley



GEANT4 intro
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 Not much to say, GEANT is black box to me
 Modified version of old model of Bertini

 Cascade at high energy, compound nucleus at low energy
 Clusterization (coalescence) of p, n into d, t, 3He, a…

 Designed for production targets, detectors
 Many changes in recent years to improve ‘low energies’ (KE<1 GeV)
 Not an INC the way we think of in GENIE, NuWro… (always an 

interaction)

HARP thin 
target data for 
8 GeV/c 
pC→p+X



implementation
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 Robert established conditional configuration so that user 
decides if INCL++ or GEANT4 libraries are linked in

 Cascade starts at n vertex
 Take particles from GENIE, insert them into INCL++ (or 

GEANT4), and translate output into GENIE language
 Can be standardized for any other FSI code
 Of course, normal GENIE mother-daughter is not possible
 Loop through all GENIE IST=14 particles

 INCL++ normally works similar to gevgen_hadron
 GEANT is different, chooses a nucleus then forces 

interaction.
 Marc starts GEANT after normal hA/hN stepping (Dennis agreed)



Interface in GENIE
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 INCL has its own configuration via cmake
 HINCLCascadeIntranuke.xml is backup
 ABLA07 is default, but allow SMM, Gemini

 Caller methods work through EventRecordVisitorI
 HINCLCascadeIntranuke.cxx, .h mirrors HAIntranuke2018.cxx, .h
 HG4BertCascIntranuke.cxx, .h

 Each are callable in gevgen and gevgen_hadron
 E.g. gevgen_hadron –m GINCL or –m HGBertCasc
 Need a tune for gevgen, use G18_02a for now

 For gevgen,



Validation in standalone mode
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 Compare GENIE 
gevgen_hadron output 
against INCL++ results 
from D. Mancusi for 62 
MeV pFe

 Excellent agreement



Event printout – INCL++
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Event printout – GEANT4
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Total reaction cross sections – p, n

6 Nov 2019GENIE INCL++/GEANT411

 p and n are very similar for KE>100 MeV (s~pR2)
 All models very similar for KE>40 MeV

 Significant divergence at lower energies



Total reaction cross sections – p, n
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 Significant divergence at lower energies
 Cutoff in hN to avoid troubles at low energy, still get low KE N
 GEANT same as hA2018 because same stepping used
 INCL has best fit to data



Total reaction xs – pion+carbon
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 lots of data for pions
 hN, hA, GEANT all a little low at D peak, otherwise ok



Total reac xs – pions - high A
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 Low energy data for Fe, higher energy data for Pb
 Historical problem for p+ Fe a problem for all models, 

inconsistent with other nuclei



Higher probe energies
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 Good agreement between hA, hN, INCL, and GEANT
 Always suspected 500 MeV pion data is wrong, now sure
 Many other comparisons with similar results



Lower probe energies
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 p Fe →p’ X (inclusive) at 62 MeV is standard candle
 Significant disagreement, INCL and GEANT are better
 hA is better than hN



Broader properties 
1 GeV nm40Ar – all processes – use G18_02a/b

6 Nov 2019GENIE INCL++/GEANT417

 Multiplicities give broad view but depend critically on 
threshold in any experiment – not good judge

 p and n very different (no threshold), partly due to QE 
dominance



Proton kinetic energy from 1 GeV nm Ar
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 Agreement at higher energy, continuing theme

INCL++
hN0218
hA2018
GEANT4



Low energy nucleons (T<30 MeV)
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 Biggest differences between existing and new codes
 Proton emission suppressed by Coulomb effects

 Overall factor of ~2, strong energy dependence
 Different threshold 
 Much better treatment in new codes
 How important for expts?

 Marc sees spike for hN, I
don’t see it – must be
settled soon.

INCL++
hN0218
hA2018
GEANT4



New stuff – g, 2H
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 hA and hN have nothing, INCL and GEANT have 
clusterization which is isn’t trivial to implement.

 INCL g spectrum not accurate; GEANT better 
 For 2H, shapes similar but GEANT yield larger



Conclusions
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 We will now have 4 FSI codes of wide variety
 General methods for conditional linking of FSI libraries 

(maybe not new)
 New physics, mostly important at low energies
 hA does a reasonable job, can now add features similar 

to INCL and GEANT
 Communication with INCL authors underway to include 

our code in general release
 Do we have new configurations, e.g. G18_02c?


