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SRC - Theory

* Understanding the impact of short-range physics on observables

* Validate theories against experimental data: Structure + Reaction
(nuclear interactions, PWIA, FSI, factorization...)

* Studies of relativistic effects, non-nucleonic degrees of freedom,
medium modifications, ...

Methods:
Groun.djsttate Approxmated Studies of few- QMC for
ab-initio factorized . cee
, body systems reactions
calculations approaches




Ab-initio calculations

Calculations based on exact solution of the Schrodinger equation

Learn about main SRC features

Light-medium nuclei (A < 40)
Ground-state quantities (e.g., mom. distributions)

Limited comparison to data
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Comparison to data
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Factorized methods

SRC ground-state factorization: Y-, Py,

Various methods:

- Spectral function models (convolution model.: O
degli Atti, Simula, Frankfurt, Strikman; model ‘
by Benhar; Rocco, Lovato...) | ®

LCA method (Ryckebusch, Cosyn,...)
RG methods (Tropiano, Bogner, Furnstahl)
- GCF (Barnea, Bazak, Weiss)



Probability distribution P4 (p)

Factorized methods

Lowest-order correlation operator approximation (LCA):

Ground state = correlation operators X mean-field state |¥) ~ g|®P)
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Factorized methods

Similarity renormalization group:
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Factorized methods

Generalized contact formalism (GCF):
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Full VMC Calculation
Full Contact Calculation
C:? contribution
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Factorized methods

Generalized contact formalism (GCF):
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How accurate are these
factorization-based methods?
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Few-body systems

ForA =2and A = 3;
e More accurate reaction calculations
* No ground-state factorization is assumed

* Including partial final-state interaction



Few-body systems

For A = 3 (e,e’p):
PWIA calculations: (FSI between spectators)

0 ~ OenSN(Prmiss) Emiss)

J. Golack et al.: CD-Bonn interaction
Ciofi and Kaptari: AV18 interaction

Also:
M. Sargsian: FSI of the struck nucleon

Not included: 3N force, beyond PWIA (2b
currents, interference terms, full FSI)
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Few-body systems “\\1___;

ForA = 3 (e,e’):
PWIA calculations:

*H/?He ratio per nucleon
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Few-body systems

ForA = 2 2H(e,e’p)n:
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Relativistic effects
forp > 700 MeV/c?



QMC-based approaches

Quantum Monte Carlo approaches:

e Heavier nuclei with accurate methods

2N+3N forces
Methods:

Cross sections with QMC « GFMC

* QMC spectral function

* QMC short-time
Partial relativistic effects approximation

Including two-body currents



QMC-Based Approaches

SF and GFMC cross sections
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More theory aspects

* Importance of relativistic treatment - light front (Strikman,

Frankfurt, Sargsian,...)
* non-nucleonic degrees of freedom (Strikman, Frankfurt, Sargsian,...)

* Studies of FSI effects (transparency, charge exchange),

suppression of meson-exchange currents... (Sargsian, Colle, Cosyn,

Ryckebusch, ...)



SRC Theory - Outlook

Few-body systems:
* Reaction calculations including two-body
currents, three-body forces, relativistic
effects, coherent contributions, FSI...

3N SRC:

* Impact on ground-state distributions;
|dentifying sensitive quantities.

* Impact on reactions: inclusive + exclusive [a
few papers already published]

Factorized methods:

* Sub-leading corrections to ground-state
factorization; Improved spectral functions.

 Consistentinclusion of 3N effects;
predictions of different quantities impacted
by SRC.

Reaction support (for 3N SRC detection)

Probe-independence:
e Calculations for various probes

RG methods:

* Description of reactions
* Spectroscopic factors

QMC methods:

« AFDMC spectral functions for (e,e’p) and
(e,e’pn) reactions including relativistic
effects. STA calculations.

* Leverage NN-QS to study medium size
nuclei with realistic interactions

Data Interpretation:

* Extracting “ground-state information”
(cleaning impact of FSI, non-SRC
contamination, CM motion...)

Non-nucleonic degrees of freedom...
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