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Studying strongly interacting QM system
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Nucleon knochout reaction:
incoming proton and outgoing
protons interact with other nucleons
(Initial / Final state interactions

(IS1/ FSl) )




Ground state distribution of nucleons

“Mean-field“ SRC

NN pairs:

large relative and
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momentum
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SRC scattering experiments

Previous studies limited to stable nuclei

done in e~ and p* scattering, normal kinematics

Correlated partner
proton or neutron




Inverse kinematics
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Experimental setup at JINR




Heavy-fragment identification

MF: 12C(p,2 /B
SRC: 12C(p,2R)1°B,1°Be

(b) Nuclear Fragments
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Single proton knockout: Inclusive 2C(p,2p) and

Exclusive 12C(e,22)118
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(b) Nuclear Fragments
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11B fragment tagging supresses Initial/Final state interactions

- select quasy-elactic scattering




Accessing nucleon momentum distribution
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- single step nucleon knockout process.
Transparent part of reaction




First study of SRCs
in inverse kinematics
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Hard breakup of SRC pairs
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Identifying SRCs
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New observable: Fragment momentum

() ~GCF simulation| |

*

05 0 05 TT02 04 06 200
Prog, [GeV/c] Py [GeV/c]
. - 150_
direct extraction: s |
S 100
o = (156 * 27) MeVIic ol

50 § Sot soey 7 ol srar (il Bais)

- v Hall-A (e.e'pp) — Colle et al. ('S, pairs)

[ A Hall-A (e.e’pn) -.- Fermi-Gas (All Pairs)

-> small c.m. momentum B e
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[E.O. Cohen et al., Phys. Rev. Lett 121 (2018)]
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Scale separation

Factorization of nuclear many-body wave function:

nﬁ,NN(Q;Q) — éo/iNN( Q) x |PNn (g )|

universal
small strongly
c.m. motion correlated
~ A-2 pair
[universal
2-body]

Evidence for factorization between pair and A-2!
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Strong pair correlation

strongly correlated pair:
nucleon momentum not
balanced by A-1

-> NN back-to-back
emission

Counts
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Conclusion

* “Tranparent” nucleus: O e
Extract ground-state distributions in | G0
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What happens in neutron-rich systems?

High-momentum fraction
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5 ? protons / neutrons

— N grow / saturate

- : with neutron excess

- . -> protons “speed up“
E_ Pb/c@

Neutron excess, N/Z

M. Duer (CLAS Collaboration ), Nature 560
(2018)
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Scale Separation

Factorization of nuclear

many-body wave function: né,NN(QUQ) Ca v (@) x |8% N (g)]?
universal
A-2 ~ SRC pair
smaII_ strongly
c.m. motion correlated
_ _ ~ A-2 pair
Rooted in theories, [universal
e.g. Generaized Contact Formalism 2-body]

R. Cruz-Torres et al., Nature Physics (2020)

R. Weiss, B. Bazak, N. Barnea, Phys. Rev. C 92 (2015)

J.-W. Chen, W. Detmold, J. E. Lynn, A. Schwenk, PRL 119 (2017)
R. Weiss et al., Phys. Lett. B 780 (2018)
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Nuclear Many-Body Problem

A
T, + > Vij +
1<g

Potential Energy (MeV)

1.5
Range (fm)
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Incoming-beam identification

MF: D,2p)1B
SRC: p,2p)°B,1%Be

48 GeV/c

BC
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