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The contact formalism

» Originally developed for ultracold atomic systems
» The factorization of the wave function:
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The probability to find
a correlated pair

The “motion” of the pair
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The contact formalism

» The simplest example — nn density:
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R.B Wiringa et. al., Phys. Rev. C 89, 024305 (2014)
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The contact formalism
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The contact formalism
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Channels a «universal« The pair kind
= (€252)j2m2 functlon l] € {pp' nn, pn}

Main channels: 00 @)
The deuteron channel: ¢, =0,2;s, =1;j, =1;t, =0 O O
2 S2 J2 2 @ \ @

The spin-zero channel: ¢, =0;s, =0;j,=0;t, =1 O O O



The contact formalism
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The universal functions using the AV18 potential
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The contact formalism
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The nuclear contact relations
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Momentum tail
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Momentum tail
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Momentum space
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Momentum tail
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Electron-scattering experiments

@
0% > 1.5 GeV?
& !/
0{51
Initial momentum: p; = p1 — q
Initial energy: €; = €; — w
Cross Probability to find a The spectral function

section X nucleon with momentum p,
and energy €, S5(p1,€1)




The spectral function
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The spectral function
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The spectral function
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The spectral function
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conservation:
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The spectral function

S(p1,€1) = z z o(€1 + Ef4_1 — Ey) |<fA—1|ap1,S|lp0>|2

S fa-1

The initial _)z r A% (R;;, {r
wave function l/JO QDL]( l]) ( l];{ k}kil])

The final wave |12) |[fazq) o [Wii—2)ePr7atiPaTzy ¥

function m ’
Energy A1 =2 P
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The spectral function

p1 > kg

[SP(D1,€1) = ChnSta(P1, €1) + ConSEn (1, €1) + 2C%S% (D1, 1) |




The spectral function

p1 > kg

[SP@1,€2) = CinSin @1, €1) + ConSeu (@1, €0) + 263,55, P 1) |

1 3
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KZ
nCM(K) X e 2O-(z.'M

Similar to the convolution model
C. Ciofi degli Atti, S. Simula, L. L. Frankfurt, and M. I. Strikman, Phys. Rev. C 44, R7(R) (1991),
C. Ciofi degli Atti and S. Simula PRC 53, 1689 (1996)



The spectral function
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The spectral function
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The spectral function
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The spectral function
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Exclusive experiments

4'He(e, e'vp)/2

*He(e,e'pn)

FSI corrections

=

#pp
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Exclusive experiments

&7,
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p1 = Ip1—1q|

!/ !/
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The experiment by Korover et. al. [PRL 113, 022501 (2014)]:
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Exclusive experiments

Using the #pp S{?p (p1,€1)
spectral #pn  C1
function C_I(;nS;%n(PL €;) + Sgn(Pp €1)
PP
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Assuming isospin symmetry for symmetric nuclei Cop = Coyy



Exclusive experiments
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Using the
spectral
function

Exclusive experiments
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Using the
spectral
function

Exclusive experiments
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Exclusive experiments

Using the #pp S{?p (1, €1)
spectral #p  C1
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Exclusive experiments
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Summary

The nuclear contacts - the probability of 2N-SRCs.

High-momentum tails and short-range densities are described
well by the contact relations.

The high-momentum spectral function is calculated using the
contact formalism.

Provide predictions for the energy and momentum dependence of
exclusive scattering experiments.
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Summary
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Inclusive cross section
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Additional figures
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R. Shneor et al., Phys. Rev. Lett. 99, 072501 (2007)
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Experimental data from Korover et. al. [PRL 113, 022501 (2014)]:



Additional figures
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The starting point - Factorization

» The factorization of the wave function:
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The starting point - Factorization

» The factorization of the wave function:
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» The two-body system: 72
— 2 = F
[ Vot V(r)] ¢ =Egp
. h?
Forr — 0: The energy becomes negligible g « —
mr

‘ ¢ (1) = The zero-energy solution of the Schrodinger Eq.



The starting point - Factorization

» The factorization of the wave function:

Tnqin, 0
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» The simplest example — nn density:
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The starting point - Factorization

» The factorization of the wave function:

Tnin, 0
W(ry, 12, e, Ta) —— @ (1) X Ann(Rnn: {rk}kinl,nz)

» The simplest example — nn density:

N(N —1)

r—0
Pran (1) — |, (1) |2 2 (AnnlAnn)
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- Universal for all nuclei The probability to find

- Simply calculated a correlated pair
The nn - _N(N—l)A A
Contact nn — 2 ( nnl nn)




The atomic contact

» Zero-range condition: o K a,d
/ / ™ Distance
Interaction Scattering between
range length particles

» Many quantities are connected to the contact C:

n(k) = C/k* for k - oo

T+ U= n C+2 d’k Rk (k ¢
"~ 4mma (2m)3 2m Mo k*
o)

and many more...

S. Tan, Ann. Phys. (N.Y.) 323, 2952 (2008); Ann. Phys. (N.Y.) 323, 2971 (2008); Ann. Phys. (N.Y.) 323, 2987 (2008)



The atomic contact

Momentum distribution RF line shape
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From atoms to nucleons
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