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“Quantality Parameter” A
Constituents | M | Vo [eV] | a [cm] A | T=0 matter
3He 3] 9100%]2.9-10°® | 0.21 | liquid
“He 4| 9107*|29.107® | 0.16 | liquid
H, 2| 310°*3.3.107® | 0.07 | solid
Ne 20 [ 3-1072 | 3.1-107® | 0.007 | solid
nuclei 1 1-108 [ 9.10714 0.4 | liquid
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Results from JLab on Short-Range Correlations (SRC)
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Proton High-Momentum Fraction
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How do the IPM particles get dressed by the SRC?

We follow the seminal discussions of Brueckner,

“The evidence is that for relative distances less than roughly 103cm, nucleon pairs in
nuclei are correlated in the same way as they are in the deuteron or in free scattering

processes” - - _
[from K.A. Brueckner, Proceedings of the Rutherford Jubilee Int. Conf. Manchester 1961, Ed. J.B.Birks, London, 1961]



Strong Interest in Theory
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“The nuclear wave function must include two-body short-range
correlations (SRCs) with deuteron-like quantum numbers."
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“The formation of clusters at sub-saturation densities, as a result of many-body
correlations, constitutes an essential feature for a reliable modelization of the nuclear

matter equation of state (EoS).”
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How do the IPM particles get dressed by the SRC?
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Energy above well bottom, Mev
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How do the IPM particles get dressed by the SRC?
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Energy above well bottom, Mev
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How do the IPM particles get dressed by the SRC?
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Energy above well bottom, Mev
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How do the IPM particles get dressed by the SRC?
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Probing nucleon-nucleon correlations in atomic
nuclei via (p,pd) QFS Reactions

Experiment G-22-00091 (approved by the GSI PAC)
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(p,pd) QFS reactions

\  deuteron

S=1, T=0

proton
‘ 8,10,12,148

10,12,14,16C / roton

/
\

U Quasi-elastically knocking out
deuterons along the C isotopic chain to
probe the number of quasi-deuterons
in a nucleus and their isospin
dependence



(p,pd) QFS reactions

O Kinematically complete measurements |
at R3B using high purity beams from
FRS at high energy (justifying the Quasi-
elastic assumption)



(p,pd) QFS reactions

In a non-interacting system, the AC(p,pd) cross section should scale with the number of 1* T=0
n-p pairs that can be formed in the given AC system. The number of T=0 n-p pairs in a system of
A nucleons with isospin T is given as A%/8 + A/4 - T(T + 1)/2, which naturally decreases in more
asymmetric systems. Specifically for the C isotopes, we estimate that about 50% of these pairs
have the 1*spin/parity assignment that corresponds to the deuteron ground state.

Furthermore, we estimate a 50% overlap between the 1+, T=0 shell-model p?3/, 1/, n-p pairs and
the detected 3S,; deuteron. Scaling the number of deuterons to the one in *2C, we should expect
an A dependency of the cross section
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SRC and quasi-deuterons

Due to short range correlations single particle 5
excitations of AE ~ 50 MeV will occur with the Ap ~ —
probability discussed above. AX
This corresponds to changes in the principal

AN ~ AE / hw,

oscillator guantum number
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(p,pd) QFS reactions
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Cross-sections estimate
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The R3B setup Protons and deuterons emitted
from the (p,pd) reactions of interest will be
detected using the FOOT Si tracking detectors and
the CALIFA calorimeter.

* FOOT covers 20-60 degrees

* In the angular range considered here, we
estimate an integrated cross section of about
1mb for the (p,pd) QFS reactions. Geometric and
detection efficiencies of the detectors for
measuring (p,pd) at these angles: 20%.

5cm LH2 target (R3BRoot simulations from A. Revel)

* 5cm LH2 target



Kinematics of the AC(p,pd) reaction at 480 MeV/u.

Angular coverage of the Si tracker and CALIFA (20-60 degrees), which includes the
majority of the high-momentum transfer events
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Rate estimates

interest

e Assuming a 1 mb cross section, and 5x10* pps for each incoming isotope of

10C 12C 14C 16C
Primary target (mg/cm?) 16076 16076 16076 16076
Particles/5x10'° beam/spill | 2.29E+05 | 5.45E+06 | 7.60E+06 | 1.13E+06
Total rate | 2.34E+05 | 5.45E+06 | 7.65E+06 | 1.13E+06
Purity | 9.79E+01 | 9.97E+01 | 9.95E+01 | 9.96E+01
Spill length (s) 1 1 1 1
Final rate (pps) | 5.73E+04 | 1.36E+06 | 1.90E+06 | 2.81E+05

24 h per target will reach a statistical uncertainty better than 5% in

the cross-section measurements,
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A somewhat related question

Science

Formation of o clusters in dilute neutron-rich matter
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