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How does nature hold together protons and neutrons to form the wide variety of complex nuclei in the
Universe? Describing many-nucleon systems from the fundamental theory of quantum chromodynamics
has been the greatest challenge in answering this question. The chiral effective field theory description of
the nuclear force now makes this possible but requires certain parameters that are not uniquely determined.
Defining the nuclear force needs identification of observables sensitive to the different parametrizations.
From a measurement of proton elastic scattering on 10C at TRIUMF and ab initio nuclear reaction
calculations, we show that the shape and magnitude of the measured differential cross section is strongly
sensitive to the nuclear force prescription.

DOI: 10.1103/PhysRevLett.118.262502

Understanding the strong nuclear force is of fundamental
importance to decipher nature’s way of building visible
matter in our Universe. Yet, more than a century after the
discovery of the nucleus, our knowledge of the nuclear
force is still incomplete. The formulation by Weinberg of
chiral effective field theory [1] enabled a major break-
through in arriving at a fundamental understanding of the
low-energy nuclear interactions of protons and neutrons, by
forging the missing link with quantum chromodynamics.
However, the question of how to best implement the theory
and constrain it with experimental data remains an active
topic of research, and has already led to several para-
metrizations of the nuclear force [2–6]. It is, therefore,
important to identify experimental observables that are
sensitive to different parametrizations of the chiral forces in
order to reach a definitive description of the nuclear force.
The study of many-nucleon systems enables a more
complete understanding of the nuclear force. In particular,
proton-rich and neutron-rich nuclei located at the edges of
nuclear stability (drip lines) can amplify less-constrained
features of the nuclear force, such as its dependence on the
proton-neutron asymmetry. However, there is a lack of
experimental data on the properties of these systems.

Among the properties of the drip-line nuclei, we hypoth-
esize in this work that the nucleon-nucleus scattering
differential cross section is highly sensitive to the details
of the nuclear force and, hence, can be used for con-
straining it. Indeed, it should reveal both the spectroscopic
properties of the reacting system, such as phase shifts and
their interference, as well as the effect of exotic nucleon
distributions. This confluence brings a greater selectivity in
the elastic scattering differential cross section than is
possible by independently investigating resonance ener-
gies, binding energies, or radii. The observations reported
here show that the shape and magnitude of the elastic
scattering angular distribution places stringent constraints
on the chiral interactions, while a study of resonance
energies alone could lead to incomplete and/or misleading
conclusions. The study of elastic scattering for drip-line
nuclei is, however, challenging because of the low-beam
intensities and formulation of the ab initio structure and
reaction theory.
We report the first investigation probing the nuclear force

through proton elastic scattering from 10C, located at the
proton drip line. This is an ideal system to test the effect of
the nuclear force. This is because, firstly, the very existence
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Introduction

Understanding the strong nuclear force is of
fundamental importance

Chiral effective field theory (EFT) helps in
understanding of the low-energy nuclear
interactions of protons and neutrons

How to best implement the theory and
constrain with experiment? APS/Alan Stonebraker

Important to identify experimental observables that are sensitive to
different parameterizations of the chiral forces

Proton-rich and neutron-rich nuclei located at the edges of nuclear
stability (drip-lines), can amplify less-constrained features of the
nuclear force (e.g. asymmetry)

Experimental data are lacking
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Motivation

The nucleon-nucleus scattering differential cross section is highly
sensitive to the details of the nuclear force

It should reveal the spectroscopic properties of the reacting system,
as well as the effect of exotic nucleon distributions

The study of elastic scattering for drip-line nuclei is challenging
because of the low-beam intensities and formulation of the ab-initio
structure and reaction theory
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Motivation

First investigation probing the
nuclear force through proton
scattering from 10C (at drip-line)

Ideal system to test the effect of
nuclear force

Existence of bound 10C whose
isotonic neighbours 9B, 8Be and
11N are unbound, is a testament of
the complicated strong interaction

Ab initio Green’s function Monte
Carlo and no-core shell model
(NCSM) calculations have shown
3N forces to be important for
explaining the structure of mass
number A=10 nuclei

Low-energy re-accelerated beam
available at TRIUMF, our
investigation was carried out at low
center-of-mass energies

No-transfer reaction channels are
open at low-energy for this system,
simplifying ab-initio reaction
calculations
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Experiment at TRIUMF

The experiment was performed in inverse kinematics at the ISAC
rare isotope beam facility at TRIUMF by bombarding a proton
target with a 10C beam

The beam, re-accelerated using the ISAC-II superconducting linear
accelerator, with an average intensity of 2000 particles per second
impinged on a solid hydrogen target at the IRIS reaction
spectroscopy station

Energy-loss measured in a low-pressure ionization chamber allowed
for clean identification of 10C from the 10B contaminant

The beam energies at mid-target were 4.54A MeV and 4.82A MeV
corresponding to p+10C center of mass energies of Ecm=4.15 MeV
and 4.4 MeV, respectively
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Experimental Setup for 10C(p,p) at IRIS Facility at
TRIUMF

10C beam, 5A MeV

IRIS uses solid hydrogen target

Maximizes the reaction yield with
low-intensity beams

It was commissioned in 2012 with
stable beams and radioactive 11Li beam

The setup can work with solid H2 as
well as solid D2 target

The low pressure Ionization Chamber
(IC) is used for identifying beam
contamination before reaction

Beam particle energy loss is measured
event-by-event

Target and Reaction Vacuum Chamber

Solid Hydrogen and target
YY1(Si), CsI and S3(Si) detectors

10C(p, p) at IRIS facility, TRIUMF 

�IRIS Facility (ISAC Charged Particle Reaction Spectroscopy Station)
established on 2012

�Newly developed solid hydrogen target (SHT) with 
thickness 100 μm at 4K

Solid H2 Target 
System at 4K

Detector for Light 
Nuclei: Silicon 
(YY1)

Detector for Light 
Nuclei: CsI(Tl)

Detector for 
beam-like 
Nuclei : Si

Copper block

10C beam production
(ISOL method) IRIS schematics

500 MeV 
H-- proton 

∆𝑬 − 𝑬
∆𝑬 − 𝑬Proton

Proton

10C

Goal: Differential Cross section
(Incident flux of 10C, Scattered flux of p
Target thickness, Geometric efficiency)
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Overview of the Facility: Solid Hydrogen Target

30-300 µm solid hydrogen target at 4 K, with
6 mm diameter

Placed inside the Target and Reaction
Vacuum chamber in ∼1x10−7 Torr vacuum

Hydrogen gas is sprayed and condensated onto
5 µm Ag foil at 4 K through a diffuser

Heat shield used for reducing the radiative
heating
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Overview of the Facility: Detectors

YY1 (LEDA) Detectors CsI(Tl) detectors

S3 Detectors
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10C identification in the low pressure ionization chamber
(IC)

Beam is a cocktail of 10C (right)
and isobaric contaminant 10B (left)

The contaminant was identified
using the energy-loss measured
with IC filled with isobutane gas

The total intensity of the incident
beam is measured in the IC

7

FIG. 6: Spectrum of energy loss measured using the ioniza-
tion chamber shown in arbitrary units. Left peak is 10B beam
and right peak in 10C beam.

��⇠50 keV. Such uncertainties are much smaller than
the di↵erence between the 5/2+ and the 3/2� resonance
centroids in the N2LOsat calculation, as seen from Ta-
ble 1 in the main article. This supports the robustness
of the shapes of the calculated cross sections, which are
determined mostly by the relative position of the two
resonances.

The NCSMC calculated values were obtained by S-
matrix analysis in the complex plane [38, 39]. The as-
signment of 5/2� is uncertain [15, 37] and no information
is available for 3/2+ in the evaluation.

II. DETAILS OF EXPERIMENT.

A. Solid hydrogen target

The solid H2 reaction target was formed by freezing
H2 gas onto a 5.4 µm Ag foil. The copper target cell

was cooled to ⇠4K before depositing H2. The cell is sur-
rounded by a copper heat shield, maintained at a tem-
perature of ⇠30 K, to reduce radiative heating from the
ambient room temperature. The heat shield masks a few
parts of the silicon detector array that detects the scat-
tered protons. The geometric e�ciency of the detector
was therefore determined using Monte Carlo simulation
of the experiment setup.

B. Beam Identification.

The beam was a cocktail of 10C with 10B as contam-
inant. This isobaric contaminant was identified using
the energy-loss measured with a low-pressure ionization
chamber filled with isobutene gas. Figure 6 shows the
measured energy loss spectrum where the two peaks from
10B (left) and 10C (right) beams are clearly separated.

C. Beam Intensity.

The total intensity of the incident beam (10B+10C)
was measured using the ionization chamber. The ratio
of the 10C to 10B particles in the beam was determined
from the energy-loss spectrum. The total beam inten-
sity multiplied by this ratio and the live-time of the data
acquisition (DAQ) therefore provided a measure of the
incident 10C beam counts on the target. This was used
for obtaining the elastic scattering cross section and was
determined for each instant of time throughout the ex-
periment. The live-time fraction of the DAQ was 0.87.
The tail of the 10B beam events in the 10C beam se-
lection window was 4% which is included in the total
uncertainty of the cross sections determined.
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10C(p,p) elastic scattering events

Particle Identification plot for target-like nuclei

Protons

Protons identified using ∆E − E
method

The selected proton events show a very
clear locus of elastic scattering

The inelastic scattering locus is only
slightly visible

2

Beam

Ionization Chamber

p

Si

Si

CsI(Tl)
H  target cell2

H  gas supply 
diffuser

2

H  target 2

H  target 
heat shield 

2

S3d1 S3d2

S3 (ΔE-E)

FIG. 1: Schematic view of the experiment setup at the IRIS
reaction spectroscopy station.

ral forces. Thirdly, with the low-energy re-accelerated
beam available at TRIUMF, our investigation was car-
ried out at low center-of-mass energies of ⇠4.1 - 4.4 MeV
for p+10C, since here the low level-density of the com-
posite (unbound) nucleus, 11N, minimizes the number of
phase shifts influencing the di↵raction pattern, and hence
facilitates the identification of nuclear force e↵ects, than
is possible transparently with stable nuclei. Furthermore,
no transfer reaction channels are open at low-energy for
this system thereby simplifying the ab initio reaction cal-
culation.

The experiment was performed in inverse kinematics at
the ISAC rare isotope beam facility at TRIUMF [10, 11]
by bombarding a proton target with a 10C beam. The
beam, re-accelerated using the ISAC-II superconducting
linear accelerator [10, 12], with an average intensity of
2000 particles per second impinged on a solid hydrogen
target at the IRIS reaction spectroscopy station [13]. A
schematic of the setup is shown in Fig. 1. Energy-loss
measured in a low-pressure ionization chamber allowed
for clean identification of 10C from the 10B contami-
nant. The beam energies at mid-target were 4.54A MeV
and 4.82A MeV corresponding to p+10C center of mass
energies of Ecm=4.15 MeV and 4.4 MeV, respectively.
These energies were chosen to be around the location
of the 5/2+ and 3/2� resonances in the 11N compound
system (=10C+p) because preliminary calculations sug-
gested that variation of the nuclear force alters the D5/2

and P3/2 phase shifts and hence the cross sections, sig-
nificantly. Our selected energies were chosen to be be-
low and above the 3/2� resonance which is placed at
4.35(3) MeV in the evaluation in Ref.[14]. We note here
however, that conflicting experimental data exist on this
resonance position. Ref.[15] places the 3/2� resonance
at 4.56(1) MeV, that is higher than both the beam ener-
gies, in which case the cross sections at the two measured
energies may be similar.

The scattered protons were identified using the cor-
relation between energy-loss in an annular array of seg-
mented silicon detectors and remaining energy deposited
in CsI(Tl) detectors covering angles ✓lab ⇠ 26� - 52�. The
selected proton events show a very clear locus of elastic
scattering (Fig. 2a). The inelastic scattering locus is

(b)

(a)

C(p,p')    C(2  )10 10  +
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C(p,p)  C  10
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FIG. 2: (a) The measured kinematic loci, proton energy as a
function of proton scattering angle, for 10C(p,p)10Cgs at Ecm

= 4.15 MeV. (b) Measured excitation energy spectrum of 10C.

only slightly visible around ✓lab ⇠ 26� - 28� as most of
this channel occurs at smaller ✓lab and was hence outside
the detector coverage. The excitation energy spectrum
of 10C (Fig. 2b) was reconstructed from the measured
energies and scattering angles of the protons using the
missing mass technique. A small background, seen un-
der the elastic peak, estimated by a linear fit to be ⇠ 1 -
3 % was subtracted to obtain the elastic scattering cross
sections at the di↵erent scattering angles.

The scattered 10C was detected by double-sided seg-
mented silicon strip detectors (S3). The solid H2 (pro-
ton) target was formed on a 5.4 µm Ag foil backing. The
energy of the 10C + Ag elastic scattering peak, mea-
sured with and without H2, was used to determine the
H2 target thickness from the energy-loss of scattered 10C
through H2. The 10C + Ag scattering with presence of
H2 was measured simultaneously with the 10C(p,p) reac-
tion continuously throughout the experiment, hence the
target thickness at each instant was accurately known.
The average target thickness was ⇠ 80 µm. The number
of incident beam particles was counted using the ion-
ization chamber. Since the beam intensity and target
thickness were measured continuously during the experi-
ment, the absolute magnitude of the cross section is well
determined. See Supplemental Material for experiment
details [19].

The measured di↵erential cross section for 10C(p,p) in
the center-of-mass frame is shown in Fig. 3. The ex-
perimental data contain both statistical and systematic
uncertainties. The systematic uncertainties are as follows
: 5% from the target thickness, 5% from determination
of the detection e�ciency, and 4% from the beam con-
tamination, which were added in quadrature. The cross
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Theoretical models

Our theoretical description of the 10C(p,p) scattering is based on the
ab initio no-core shell model with continuum (NCSMC)

This approach describes the reacting system using a basis expansion
with two key components:

11N
10C + p
The chiral two-nucleon (NN) and three-nucleon (3N) forces served as
input for the NCSMC calculations
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Theoretical models

The NN interaction is tuned to nucleon-nucleon phase shifts and the
deuteron properties
Traditionally, the fit of the NN parameters was performed first, and
the 3N parameters adjusted later (NN+3N400)
Recently, simultaneous NN+3N fit was performed (N2LOsat)

Describes well the proton radius of the stable nucleus
and the nuclear radii of neutron-rich carbon isotopes
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Results: Differential cross section

The experimental data contain
both statistical and systematic
uncertainties

The systematic uncertainties are as
follows : 5% from the target
thickness, 5% from determination
of the detection efficiency, and 4 %
from the beam contamination

The cross-sections have similar
shape and magnitude at the two
different beam energies

Ab initio reaction theory
calculations with three different
choices of the nuclear force are
shown by the curves

3

sections have similar shape and magnitude at the two
di↵erent beam energies. Ab initio reaction theory calcu-
lations with three di↵erent choices of the nuclear force
are shown by the curves.

Our theoretical description of the 10C(p,p) scattering
is based on the ab initio no-core shell model with con-
tinuum (NCSMC) [16–18]. This approach describes the
reacting system using a basis expansion with two key
components: one describing all nucleons close together,
forming the 11N nucleus, and a second one describing the
separated proton and 10C clusters. The former part uti-
lizes a square-integrable basis expansion treating all 11
nucleons on the same footing. The latter part factorizes
the wave function into products of 10C and proton com-
ponents and their relative motion with proper scattering
boundary conditions. The chiral two-nucleon (NN) and
three-nucleon (3N) forces served as input for the NCSMC
calculations. See Supplemental Material for more details
on the calculation [19].

In chiral EFT, the dynamics due to unresolved physics,
i.e., degrees of freedom other than nucleons and pions is
accounted for by contact interactions with parameters
calculable in principle from QCD although presently fit-
ted to experimental data. In particular the NN inter-
action is tuned to nucleon-nucleon phase shifts and the
deuteron properties. Traditionally, the fit of the NN pa-
rameters was performed first [2], and the 3N parameters
were adjusted to 3H/3He [40, 41] and sometimes also 4He
data [4] in a second step. The NN+3N400 force (NN from
Ref.[2] and 3N from Ref.[4]) pertains to this family of in-
teractions and describes well the binding energy of the
O, N, and F isotopes [42, 43]. Recently, a simultaneous
NN+3N fit has been performed using not just the two-
nucleon and A=3,4 data but also binding energies of 14C
and 16,22,24,25O as well as charge radii of 14C and 16O
[5]. The resulting interaction, named N2LOsat, success-
fully describes the saturation of infinite nuclear matter
[5], the proton radius of the stable nucleus 48Ca [44] and
the nuclear radii of neutron-rich carbon isotopes [45].

We test these two parameterizations of chiral NN+3N
forces and, further, investigate the impact of the chiral
3N force by comparing them with a chiral NN interac-
tion alone. Fig. 3 shows that the shape and magnitude
of the angular distribution is strongly influenced by the
nuclear force prescription. The results obtained with the
NN interaction from Ref. [2] (black dotted curves) show
a strong dip in the cross section at ✓cm ⇠ 80�, while
no such feature is observed in the data. The addition
of the 3N force with a momentum cut-o↵ of 400 MeV
[6] (NN+3N400, blue long dashed curves) produces a
much di↵erent shape. This shows the strong influence
of the three-nucleon interaction on the angular distribu-
tion. While it improves the overall agreement with the
data the addition of the 3N force in the NN+3N400 in-
teraction clearly still does not explain the observed an-
gular distribution characteristics. Meanwhile with the
N2LOsat NN+3N interaction (red solid curves) the pre-
dicted shape of the angular distribution is in very good
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FIG. 3: (a) Measured di↵erential cross section for
10C(p,p)10Cgs at (a) Ecm = 4.15 and (b) Ecm= 4.4 MeV.
The curves are ab initio theory calculations. The black dot-
ted / blue long dashed / red solid curves are with the chiral
NN / NN+3N400 / N2LOsat interactions. The red dashed
curve is the N2LOsat calculation scaled down by a factor of
2.3.

agreement with the data as evidenced by the scaled result
(red dashed curves). The magnitude of the cross section
is higher than the data which, as discussed below, reflects
e↵ects of S1/2 phase shift(s) and hence places further con-
straint on the force prescription.

Compared to calculations with the NN interaction, the
N2LOsat and NN+3N400 forces result in only a small ⇠
1% e↵ect in static properties, such as the proton and
matter radii of 10C. While the binding energy predicted
by NN+3N400 is lower by ⇠ 12% than the predictions
from N2LOsat, the latter is ⇠ 3% higher than the exper-
imental value, thus a binding energy-based distinction of
the di↵erent forces is not straightforward. However, here
we find a strong constraint on the nuclear force emerg-
ing from the dramatic change of the angular distribution
shape (Fig. 3). The chi-square (�2) values of scaled cross
sections show this clearly. For Ecm=4.15 MeV, the best-
fit �2 = 65.5 for the NN, 25.9 for the NN+3NF400 and 1.7
for the N2LOsat interactions (after its scaling), making
N2LOsat the best selection among the three. Addition-
ally, the failure of the NN+3N400 interaction to repro-
duce the angular distribution despite good predictions of
the binding energies of the oxygen isotopes [42, 43], shows
the limited selectivity of binding energies in di↵erentiat-
ing among the nuclear force models. The magnitude of
the cross section however shows the deficiencies of the
N2LOsat interaction.

Calculated phase shifts with the three interactions are
shown in Fig. 4. The resonance energies from R-matrix
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interaction alone

Addition of 3N forces produces
dramatic change
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the three-nucleon interaction on the
angular distribution

3

sections have similar shape and magnitude at the two
di↵erent beam energies. Ab initio reaction theory calcu-
lations with three di↵erent choices of the nuclear force
are shown by the curves.

Our theoretical description of the 10C(p,p) scattering
is based on the ab initio no-core shell model with con-
tinuum (NCSMC) [16–18]. This approach describes the
reacting system using a basis expansion with two key
components: one describing all nucleons close together,
forming the 11N nucleus, and a second one describing the
separated proton and 10C clusters. The former part uti-
lizes a square-integrable basis expansion treating all 11
nucleons on the same footing. The latter part factorizes
the wave function into products of 10C and proton com-
ponents and their relative motion with proper scattering
boundary conditions. The chiral two-nucleon (NN) and
three-nucleon (3N) forces served as input for the NCSMC
calculations. See Supplemental Material for more details
on the calculation [19].

In chiral EFT, the dynamics due to unresolved physics,
i.e., degrees of freedom other than nucleons and pions is
accounted for by contact interactions with parameters
calculable in principle from QCD although presently fit-
ted to experimental data. In particular the NN inter-
action is tuned to nucleon-nucleon phase shifts and the
deuteron properties. Traditionally, the fit of the NN pa-
rameters was performed first [2], and the 3N parameters
were adjusted to 3H/3He [40, 41] and sometimes also 4He
data [4] in a second step. The NN+3N400 force (NN from
Ref.[2] and 3N from Ref.[4]) pertains to this family of in-
teractions and describes well the binding energy of the
O, N, and F isotopes [42, 43]. Recently, a simultaneous
NN+3N fit has been performed using not just the two-
nucleon and A=3,4 data but also binding energies of 14C
and 16,22,24,25O as well as charge radii of 14C and 16O
[5]. The resulting interaction, named N2LOsat, success-
fully describes the saturation of infinite nuclear matter
[5], the proton radius of the stable nucleus 48Ca [44] and
the nuclear radii of neutron-rich carbon isotopes [45].

We test these two parameterizations of chiral NN+3N
forces and, further, investigate the impact of the chiral
3N force by comparing them with a chiral NN interac-
tion alone. Fig. 3 shows that the shape and magnitude
of the angular distribution is strongly influenced by the
nuclear force prescription. The results obtained with the
NN interaction from Ref. [2] (black dotted curves) show
a strong dip in the cross section at ✓cm ⇠ 80�, while
no such feature is observed in the data. The addition
of the 3N force with a momentum cut-o↵ of 400 MeV
[6] (NN+3N400, blue long dashed curves) produces a
much di↵erent shape. This shows the strong influence
of the three-nucleon interaction on the angular distribu-
tion. While it improves the overall agreement with the
data the addition of the 3N force in the NN+3N400 in-
teraction clearly still does not explain the observed an-
gular distribution characteristics. Meanwhile with the
N2LOsat NN+3N interaction (red solid curves) the pre-
dicted shape of the angular distribution is in very good
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FIG. 3: (a) Measured di↵erential cross section for
10C(p,p)10Cgs at (a) Ecm = 4.15 and (b) Ecm= 4.4 MeV.
The curves are ab initio theory calculations. The black dot-
ted / blue long dashed / red solid curves are with the chiral
NN / NN+3N400 / N2LOsat interactions. The red dashed
curve is the N2LOsat calculation scaled down by a factor of
2.3.

agreement with the data as evidenced by the scaled result
(red dashed curves). The magnitude of the cross section
is higher than the data which, as discussed below, reflects
e↵ects of S1/2 phase shift(s) and hence places further con-
straint on the force prescription.

Compared to calculations with the NN interaction, the
N2LOsat and NN+3N400 forces result in only a small ⇠
1% e↵ect in static properties, such as the proton and
matter radii of 10C. While the binding energy predicted
by NN+3N400 is lower by ⇠ 12% than the predictions
from N2LOsat, the latter is ⇠ 3% higher than the exper-
imental value, thus a binding energy-based distinction of
the di↵erent forces is not straightforward. However, here
we find a strong constraint on the nuclear force emerg-
ing from the dramatic change of the angular distribution
shape (Fig. 3). The chi-square (�2) values of scaled cross
sections show this clearly. For Ecm=4.15 MeV, the best-
fit �2 = 65.5 for the NN, 25.9 for the NN+3NF400 and 1.7
for the N2LOsat interactions (after its scaling), making
N2LOsat the best selection among the three. Addition-
ally, the failure of the NN+3N400 interaction to repro-
duce the angular distribution despite good predictions of
the binding energies of the oxygen isotopes [42, 43], shows
the limited selectivity of binding energies in di↵erentiat-
ing among the nuclear force models. The magnitude of
the cross section however shows the deficiencies of the
N2LOsat interaction.

Calculated phase shifts with the three interactions are
shown in Fig. 4. The resonance energies from R-matrix

Measured differential cross section for
(a) Ecm = 4.15 MeV and (b) Ecm =
4.4 MeV
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Summary

The first measurement of 10C(p,p)10C at Ecm = 4.15 MeV Ecm =
4.4 MeV

We have demonstrated for the first time a strong sensitivity of this
scattering to the nuclear force prescription
The low-level density and neutron-proton asymmetry in drip-line
nuclei like 10C bring in new and greater sensitivity to the nuclear
force, allowing for discriminating between the different chiral
interactions and finding further constraints for them
The measured 10C(p,p)10Cgs differential cross section shows that
only the N2LOsat interaction provides an angular distribution shape
consistent with the experiment but fails to reproduce its magnitude.
This suggests that N2LOsat is improved compared to the other
forces but is still not an adequate description of the nuclear force
Extreme systems, such as the 11N and 10C(p,p) investigated here
both experimentally and theoretically, thus provide one of the most
stringent tests of the quality of the present and new generations of
nuclear forces.
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