Impact of tensor and short-range correlations
IN nuclear physics

| Carlson, LANL

lelsei | geiges

Deuteron

10

Nuclear density matrix
Three-nucleon interactions
JLAB/BNL correlated pairs
nclusive electron/neutrino scattering Saa Fe Plza Dec
Neutrino emissivity In neutron matter

work with: Wiringa, Schiavilla, Pieper; Shen, Reddy, Gandolfi,...




Tensor force (and spin-orbit)
couple spin to space
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Much more difficult to “see’in larger nuclel.
Typical matrix elements (eg. energy) involve Sj?

Light nucler spectra, though, require a realistic’ force
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3-nucleon
iInteraction: UIX

alpha-n phase shifts
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Long-range correlations
(clustering) in Carbon-12

GFMC (Pieper et al.)
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Lattice EFT (Lee, Epelbaum, Meissner,...)

0+(1) fpp

00001 0.0004 00016 00064 00256 [fra™]
—

50

60 -

70

80

E(t) MeV)

90

100

110

0+(2) fpp

00001 00004 00016 0.0064 00256 [frm™]
—

Gy, (B)
1 T T T T T T T T T T
f LO (1) == | 49 |- ANLO IS (1) -0+ |
3 LO (2) i-wm—i AIB + ABM (1) * -
L 130 ANNLO (1) #+--6p-eet
LAY B
'.\ '\‘
- R 120 } i
\I).l' |
L n, . I bo1d sl
LY B 10 Foo zﬂfxg'-ﬂ-'ﬂ%n-%i ...........
.',l::_ r'm‘:.'.'_—.-.\a.“.m * *
- Wi 1 0} ' _
L ¢ i
B 110 ... MQM&Q.'.'.Q§ ...........
1 1 1 1 1 20 C 1 1 L 1 1 ]

0 002004006008 01 012 0 002004006008 01 012

tMeV Y t(MeV ')
Epelbaum et al., Phys. Rev. Lett. 106, 192501 (2011)




Shorter-range correlations
Tensor Force: higher momentum transfer:
Iwo-Nucleon Distribution Functions
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Expectation of short-range operator in T=0,
S=1 pairs: scaling with nucleus

Scaling
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Two-nucleon momentum distributions:
Total =0 il =l
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where q and Q are respectively the relative and total momenta of
the NN pair, and

PN (q,Q) = d(ki; — q)6(Ki; — Q) Py (ij)

Dominated by 1=0,5=1 (np) and T=1,5=0 (pp) pairs

Back-to-back nucleons (total pair momentum vanishes)
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np correlations correlations
In back-to-back nucleon

knockout;
observed at BNL, Jlab
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Typical method to study correlations,
inclusive scattering

Liguid Helium, ... neutron scattering

pair distribution function
Lennard-Jones model fluid




Electron and Neutrino Scattering
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Inclusive Electron Scattering
and spin O, T=1 pairs (pp, nn)
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require knowledge of continuum states: hard to calculate for A > 3
e Sum rules: integral properties of response functions

e Integral transform techniques
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Inclusive Electron Scattering

Sick and Donnelly, 1999
Carlson, Schiavilla, Sick, 2002

Longitudinal sensitive to pp correlations
Transverse sensitive to np correlations




Measuring charge-charge (‘pp’) correlations

The *He Coulomb Sum Rule

e RC/MEC (small) contributions to Sr,(q) tend to cancel out

e Theory and experiment in agreement when using free G,
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liE s crse Channel:
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e How much of the excess transverse strength ASr = S — S%b |

in the quasi-elastic peak region?

e Can we understand the A-dependence of ASp?




A-Scaling Property
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Euclidean Response Functions

Carlson and Schiavilla (1992,1994)
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more sensitive to strength in quasi-elastic region

Inversion of Ea(q; 7) is a numerically ill-posed problem;
Laplace-transform data instead




3He and *He Longitudinal Euclidean Response Functions
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3He and *He Transverse Euclidean Response Functions
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What happens in ~GeV neutrino scattering!

v-Deuteron Scattering up to GeV Energy

Shen et al. (2012)
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Potentially important in Mini-Boone, LBNE,...




Spin Response in Neutron Matter

requires tensor and/or spin-orbit interactions at g=0
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Sum Rules (inc. spin susceptibility) give
measure of overall stength, position and width of peak

Table I: AFDMC results for the sum-rules
Density (fm—°) S;~ MeV~—") S2 SI' (MeV) @o (MeV) @1 (MeV)

n=0.12 0.0057(9) 0.20(1) _ 8(1) 35(9) 40(8)
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Density dependence of response
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Conclusions:

Tensor (and other) correlations critical in nuclear physics

@loioNSNnpacts In the deuteron (O, T20....),
but for larger nuclel, impact not often seen in
low-energy observables (spectra, etc.)

Tensor correlations more important in spin observables
More obvious impact at higher momenta:
np vs. pp back-to-back in electron scattering

inclusive electron and neutrino scattering

Can impact astrophysically relevant behavior:
neutrino propagation, 3P2 pairing,




