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Progress in Particle and Nuclear Physics 52 (2004) 377–496

NN correlations and nuclear structure

N. Ishii, S. Aoki and T. Hatsuda, Phys. Rev. Lett. 99 (200) 022001.

Progress in Particle and Nuclear Physics 96 (2017) 32–87

SRC
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Nucleon pairs that are close together in the nucleus

Momentum space: high relative and low c.m. 
momentum, compared to the Fermi momentum (kF)

Short-Range Correlations (SRC)

3

* Science 320 (5882) 1476-1478 (2008)
   Science 346, 614 (2014)
  Nature 560, 617–621 (2018)
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The state of the A-2 residual nucleus impacts 
SRC kinematics 
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First Fully Exclusive Measurement of Short-Range Correlated 
Nucleons in Inverse Kinematics at JINR
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3 years, evaluation after each year

Name Area of expertise

Vasilisa + V. Palchik MWPC + Si

Nikolay Voytishin DCH

Yuri Petukhov TOF700

V. Babkin + M. Rumyantsev TOF400

Yuri Uzikov Theory

Maria Patsyuk Coordinator

Plan for 2019:
• Calibration of detector systems
• Correlations between different detectors
• Identification of protons and A-2

RFBR grant for SRC data analysis
by Dr. Maria Patsyuk

Manpower 
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Theory plan

• create a theoretical model for NN-SRC breakup p<NN> -> ppN (<NN> - correlated 
pair) for kinematical conditions of BM@N based on Yu.N. Uzikov, J.Phys. G28 
(2002) B13 J.Haidenbauer, Yu.N. Uzikov, Phys. Lett. B 562 (2003) 227. 

• Development of this model for the light front dynamics.

• Main mechanism: pole diagram in momentum approximation including 
rescattering in the initial and final states using eikonal approximation and the 
effect of amplitude of pN-scattering off mass shell.

• Estimation of Delta-isobar contribution in the intermediate state and a triangular 
diagram with single pion exchange.
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Goals of the analysis

• Identification of quasi-elastic (p,2p) events with 12C beam 
• QFS tagging and cleaner event sample
• optics calibration 
• GEM + TOF calibration 
• reconstruction of Pmiss and beam vector 

• Study of A-2 residual system after SRC knockout 
• N of tracks - DCH / Si / GEM / TOF700 
• clean SRC event sample using TOF 400 + GEM + beam tracking 
• momentum reconstruction for fragments 
• PID using TOF700
• efficiency corrections 
• yields for different fragmentation channels
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QFS tagging
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• Cannot discriminate pion from proton event-by-event in arms 

• Need to have precise optics (for position measurement) & timing 

• Need beam vector

QFS tagging
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Target Reconstruction on Production Data (GEMs)
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by E. Segarra



Extracting Beam Vector (all 4 MWPCs)
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by E. Segarra
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Looking at the (p,2p) reaction
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12C 14N 16O

Incident beam 
Z after the target  (BC3 & BC4)

B𝝆 in DCH Combined PID of the fragments
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Identification of the residual system

Zby E. Segarra



12C 14N 16O

Incident beam
Z after the target  (BC3 & BC4)

B𝝆 in DCH Combined PID of the fragments (2 tracks)
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Identification of the residual system

Z
by E. Segarra
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Z=4 out
% %

Z<4 out
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Counting particle hits in TOF700
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Example channel: 

12C (p,2p) → 11B 
                → 11B* → 10B + n 

Example channel: 

12C (p,pn) → 11C



Counting particle hits in TOF700

20

Example channel: 

12C (p,2p) → 11B*  → 9Be + d

          Example channel: 

12C (p,2p) → 11B*  → 7Li + 4He 
                  → 4He + 4He + 3H 



What we are moving towards next

• Integrating all of these components to identify QE and SRC 
knock-out events 

• Continue calibrations 

• Unpacking other detector systems

s1/2

p3/2

n p
Residual system and SRC pair formation
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Tracking in Silicons (V. Lenivenko)
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Tracking in Silicons + MWPCs (V. Lenivenko)



Tracking in Silicons (V. Lenivenko)
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SIL+GEM coordinate residuals after alignment

Merging tracks in different subsystems (S. Merts)

SIL+GEM angle residuals after alignment
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(no target, no field)

𝜎=0.76 cm 𝜎=0.42 cm

𝜎=1.2 mrad 𝜎=1.6 mrad



GEM+DCH coordinate residuals after alignment

GEM+DCH angle residuals after alignment
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Merging tracks in different subsystems (S. Merts)
(no target, no field)

𝜎=4.9 cm 𝜎=6.4 cm

𝜎=3.2 mrad 𝜎=2.6 mrad



Merging tracks in different subsystems (S. Merts, N. Voitishin, V. Lenivenko)

Empty target

Relative alignment/matching of tracks - no target, no field

Empty target
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Production run

Silicons

GEMs DCH1,2
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• DCH and TOF700 with nominal geometry.
• Realistic beam profile from MWPCs. 
• B-field scaling 1.932 (1800A run 2332) from Hall probe. 
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Summary
• Identification of p2p events 

• Preliminary reconstruction of the reaction vertex and proton momenta 
• Still lacking accurate optics calibration for GEM+TOF400 

• Preliminary reconstruction of the beam vector from MWPCs, and Pmiss 

• Identification of the residual system 
• Possible with DCH tracks and Z information from plastic  
• Preliminary results on track multiplicities in DCH/TOF700 

➡ Information on the fragmentation of the residual system 
• First results of merging track information from different subsystems 

• DCH + GEM + Silicons 

• Ongoing work on global track reconstruction and tracking efficiency 
• BmnRoot simulations are needed but not working properly at the moment

Outlook
• Looking at SRC neutrons in LAND 
• Merging information from all detectors to tag the final state 
• Improving BmnRoot simulations 
• 3 years RFBR grant from Maria Patsyuk for SRC data analysis 
• New PhD student in Tel Aviv (Göran Johansson)
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BCKP

29



30



31



Z=5 out

Z=6 out Z=4 out

TOF700 cluster size
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