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What is interesting and necessary to know about
INCL

when addressing
SRC
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Definition -
Ingredients

Intra Nuclear Cascade 
Deexcitation

IntraNuclear Cascade of Liège

Nuclear Reaction : Light particle + Nucleus (~ MeV à 10-20 GeV)
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IntraNuclear Cascade of Liège

Nuclear Reaction : Light particle + Nucleus (~ MeV à 10-20 GeV)

SRC and Final State Interaction within INCL

INC: Monte Carlo method to solve the transport equation (with binary collisions)

(fi : density distribution)

With hypotheses(main):

• Collisions are independent
• Potential is constant
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What is important in the following (what must be changed for SRC):

TARGET (exactly, nucleon inside!)
COLLISION
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TARGET

SRC and Final State Interaction within INCL
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TARGET

SRC and Final State Interaction within INCL
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Examples of results with the refined pictureTARGET

(p,pn) (p,2p)

(p,2p)(p,2p)

(p,2p)

Refinement à better description of (few) n, p removal

SRC and Final State Interaction within INCL
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COLLISIONS
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ü Why?

SRC could play a role during the cascade

SRC and Final State Interaction within INCL
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ü Why?

SRC and Final State Interaction within INCL

INCL mentioned in previous talks (ex., Fatima Hojeij)
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ü How?

SRC and Final State Interaction within INCL
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ü How?

Once a collision is chosen

Partner (SRC)?

Yes

Add extra momentum (PSRC)

PSRC = [(dmax - dpart)/dmax]2 . 2 PFermi

SRC and Final State Interaction within INCL

D. B. Day et al., Phys. Rev. Lett. 59, 427 (1987).

np pair only
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ü Results

SRC and Final State Interaction within INCL

Test of our algorithm to add the extra (SRC) momentum

Original plot from M. Duer et al., Nature 560, 617 (2018)
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ü Results

SRC and Final State Interaction within INCL

SRCs reduce the single proton-removal cross section (the greater the neutron excess) – 5%à20%

INCL
INCL+SRC

Proton-removal
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ü Results

SRC and Final State Interaction within INCL

Proton-removal
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ü Results

SRC and Final State Interaction within INCL

RSF (~1) does not depend on DS

While other studies show a dependence

Spectroscopic factor
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ü Results

SRC and Final State Interaction within INCL

Cross section for the production of In isotopes 
(one-proton removal and several neutrons)

Few-nucleon removal directly
related to SRC nucleons

Multi-nucleon removal channels
populated by re-scattering with
other nucleons

Residual production
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ü Results

SRC and Final State Interaction within INCL

See talk of Fatima HojeijPion-induced reaction

Conclusions: 

• Pmiss & back-to-back à effects of SRC: maybe
à if yes, small

• pp pair should be added? à magnitude of the effect…

Ex.:
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SRC in INCL

Done for

And for np pair
only

Energy balance difficulties when more than two outgoing particles…
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SRC in INCL

• A challenge (hypotheses of INCL, energy balance)

But…

• Reasonable kinematic distributions for the nucleons involved in the SRCs
• Good agreement with the results obtained by the CLAS collaboration for the production of pairs
• (Small) improvement for single knockout cross sections
• No effect in case of multiple scattering
• No dependence with neutron/proton separation energy asymmetry

• … To be finalized.
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Project funding by

Work done by J.L. Rodriguez-Sanchez within the INCL team
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Nuclear Reactions

The 4 domains

with

3 basic parameters

binary
collisions

asymptotic state 
reached before

next collision
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DATABASES

December 12, 2019 INCL, a nuclear reaction code …

NUCLEAR REACTIONS



plot from M. Duer et al., Nature 560, 617 (2018)
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