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Manifestation of tensor 
part of the NN interaction 
which favours the S=1, T=0 
(quasi-deuteron) channel

Results from JLab on Short-Range Correlations (SRC)
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g≈22 % 
a≈10 % 

b≈3 % 

Kramer, et al., NPA 679 (2001) 267; Lee, et al., PRC 73 (2006) 044608; Atar et al., PRL 120 (2018) 052501

a g b 



How do the IPM particles get dressed by the SRC?
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Quasi-deuteron

|qp > ~  80% |p>  + 20% |h > x |qd >   ???? 
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Quasi-deuteron
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(p,pd) reaction studies
R3B @ GSI

Isao Tanihata -  RCNP





(p,pd) QFS reactions

S=1, T=0

proton

10,12,14,16C

deuteron

8,10,12,14B
proton



(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 𝐴2/8 + 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 p2
3/2,1/2 n-p pairs and 

the detected 3S1 deuteron. Scaling the number of deuterons to the one in 12C, we should expect 
an A dependency of the cross section

(p,pd) QFS reactions



SRC and quasi-deuterons

Due to short range correlations single particle 
excitations of  DE ~ 50 MeV will occur with the 
probability discussed above.

Δp ~ !
Δx

ΔN ~ ΔE / !ω0

This corresponds to changes in the principal 
oscillator quantum number

|qp > ~  80% |p>  + 20% |h > x |qd >   ???? 

project the 3S1 amplitude that becomes smaller the larger the j



(p,pd) QFS reactions



Cross section from (p,pd) at 700MeV about 1-2mb 

Cross-sections estimate

Consistent with experiment S296 
S. Panin et al.  who estimated 1-2 mb for 

12C(p,pd) at 400MeV/u  in the same kinematic 
region of large momentum transfer



• 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

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

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.

Setup



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



Rate estimates 

• Assuming a 1 mb cross section, and 5x104 pps for each incoming isotope of 
interest

24 h per target will reach a statistical uncertainty better than 5% in 
the cross-section measurements, 



Rate estimates 

• Assuming a 1 mb cross section, and 5x104 pps for each incoming isotope of 
interest

24 h per target will reach a statistical uncertainty better than 5% in 
the cross-section measurements, 



Decrease in the 
number of alphas

Do SRCs have anything to say?

A somewhat related question  

Piet’s Shell Model Analysis 
provides a much needed 
reference !
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