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Background

Pion exchange interaction includes: central, tensor …

Tensor operator S12 ( ̂q) = 24π/5 ([ ⃗σ1 × ⃗σ2](2) ⋅ Y(2) ( ̂q))

Tensor Interactions

Binding of deuteron 

Mixing of S- and D-wave in 
wave functions 

D-wave: peak at smaller r 
—> high momentum component

Courtesy of T. Myo

0

0.2

0.4

Selection Rule: ΔJ=0, ΔL=ΔS=2



NUSTAR Annual Meeting 2020 March 6, 2020  @ GSI
!5

Introduction
Theoretical prediction for high-momentum component

Neff T et al. 2003 Nucl. Phys. A 713 311 

UCOM (Unitary Correlation 
Operator Method)

q [fm-1]

Schiavilla R et al. 2007 Phys. Rev. Lett. 98 132501

GFMC (Green-function Monte-Carlo)

D-wave (tensor)

S-wave (non-tensor)

-·- 4He, non-tensor

- - 4He, with tensor

— 4He, realistic

q [fm-1]
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Introduction

⃗pp
⃗pd

⃗q

θ

Experimental approach
Momentum transfer

p

n16O

d
pn

Momentum matching

⃗pd − ⃗pp = ⃗q ≈ ⃗pn

Cross-section σ ∝ ρ(pn)
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Motivation

392, 198 MeV: Ong HJ et al., PLB 725, 277(2013)  
45 MeV: Snelgrove J. L. et al. 1969 Phys. Rev.187(4), 1246–1258
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Motivation

Due to Complexity of 
reaction mechanism?

392, 198 MeV: Ong HJ et al., PLB 725, 277(2013)  
45 MeV: Snelgrove J. L. et al. 1969 Phys. Rev.187(4), 1246–1258

R+
R -
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Motivation

Due to Complexity of 
reaction mechanism?

392, 198 MeV: Ong HJ et al., PLB 725, 277(2013)  
45 MeV: Snelgrove J. L. et al. 1969 Phys. Rev.187(4), 1246–1258
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Experiment
FRS @GSI Helmholtzzentrum für Schwerionenforschung GmbH

Momentum dispersion ~ 18 cm/% 

High resolution mode

16O(p,d)15O 
Proton beam: 400-1200MeV, ~1010/spill 
0° measurement (<1°) 
Target: POM (CH2O)n) 100 & 308 mg/cm2  

                     C          107 & 327 mg/cm2

MWDC: multi-wire drift-chamber 
TPC: time projection chamber 
SC: scintillator 
TOF: scintillator for time-of-flight 
measurement
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Experiment

16O(p,d)15O 
Proton beam: 400-1200MeV, ~1010/spill 
0° measurement (<1°) 
Target: POM (CH2O)n) 100 & 308 mg/cm2  

                   C          107 & 327 mg/cm2

q: 1.5~2.4 fm-1

FRS @GSI Helmholtzzentrum für Schwerionenforschung GmbH

MWDC: multi-wire drift-chamber 
TPC: time projection chamber 
SC: scintillator 
TOF: scintillator for time-of-flight 
measurement
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Analysis
Particle Identification

�Bρ − dE − TOF

dE: energy deposited at SC 

TOF: time-of-flight between SC and PI42 or PI43

Deuterons and tritons are well separated.

POM target

dE
 [c

h]

TOF [ch]
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Analysis
Tilted focal plane correction

X1 = X0 + A ⋅ ZX

1 − A /tanθ

X0: position at Z=0 

X1: position at focal plane
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Analysis
Bending correction

X2 = X1 + KA2 ⋅ A2

X2 [mm]

A 
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X1 [mm]

A 
[ra
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Analysis
Extraction time correction
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Analysis
Run stability correction

Typical resolution: 
0.03% (FWHM)

X3
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Analysis
Subtract C from POM to get O spectrum
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Analysis
Transmission efficiency of FRS
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Wollnik H et al. AIP Conf. Proc. 177 1988 

X0 [mm]

A 
[ra

d]
A 

[ra
d]

X0 [mm]

Data with CD2 target

Simulation



NUSTAR Annual Meeting 2020 March 6, 2020  @ GSI
!17

Result
Physics understanding

q=0.5 fm-1 q=1.8 fm-1
q=0.5: Snelgrove J. L. et al. 1969 Phys. Rev.187(4), 1246–1258

D-wave

15Og.s. 15O5/2+
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907 MeV 1209 MeV

604 MeV

Analysis
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Summary
We have measured the cross-section of 16O(p,d) reactions with 
proton beam from 403 to 1209 MeV at GSI. It is the first 0-deg 
measurement covering 2-fm-1 momentum transfer region. 

The different tendencies of cross-section ratios show the existence of  
high-momentum component (~ 2 fm-1) inside the nuclei, which arises 
from tensor interactions. 

Present results (0°) confirm the enhancement observed at previous 
experiments(at finite angle), showing that reaction mechanism has 
small effect compared with tensor interactions. 

Other positive parity excited states are observed at large momentum 
transfer, indicating other 2p2h configurations in the wave function of 
16O ground state.
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Thanks for your attention!


