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Three are the goals of the present hypernuclear program at JLab: 

- Neutron star structure investigation (solution of the “hyperon puzzle”)

- Charge symmetry breaking study in hyperon – nucleon interaction

- Study of nucleus deformations  

In all of them JLab12 members are spokespersons

Despite this program address different topics, the experimental method to achieve all 
the aforementioned goals is the same: hypernuclear spectroscopy that has to be 
performed with the best achievable energy resolution and the best achievable binding 
energy measurement precision. 
Because of that, all the experiments that are being proposed  to achieve the Jlab
hypernuclear program goals will employ the same identical experimental apparatus (but 
the target).



Hypernuclear spectroscopy:

All the present Jlab hypernuclear program proposed experiments will 
determine with very high precision binding energies of hypernuclei
produced by the reaction:

𝐴𝑍(𝑒, 𝑒′𝐾+)Λ
𝐴𝑍 − 1

The highly monochromatic CEBAF electrons will be used as incident 
beam and scattered electron and produced kaons momenta will be 
determined with high precision spectrometers. 



Features of the hypernuclear spectroscopy 
performed through 𝐴𝑍 𝑒, 𝑒′𝐾+

Λ
𝐴(𝑍 − 1) reactions:

Energy calibration
Thanks to the availability of Hydrogen targets
and hence to the possibility to determine the 
excitation energy spectrum of the reaction: 
1𝐻 𝑒, 𝑒′𝐾+ Λ, Σ it is possible to obtain very good 
energy calibration and hence to determine very 
precisely binding energies  

Energy resolution:

thanks to high resolution spectrometers 
and the high monochromatic incident 
electron beam sub-MeV energy resolutions 
were obtained at Jlab
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(e,e′K+) hypernuclear spectroscopy provides information on the cross section as well
as on the binding energy. These information are complementary to the information
obtained by decay product studies such as gamma and decay-pion spectroscopies
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Experimental setup and kinematics as 

originally planned (the experiments were 

supposed to run in Hall A) 

The experimental apparatus: 

The new Experimental setup and 
kinematics  after moving in Hall C 

Θ(e,e’) = 8.5°
Pe’  = 0.74 GeV/c

Θ(e,k) = 11.5°
Pk = 1.2 GeV/c

Ee = 2.24 GeV

The Jlab hypernuclear program was initially 

supposed to run in Hall A. Four experiments were 

approved to run in this experimental Hall: E12-15-

008 ( Λ
40𝐾 and Λ

48𝐾 spectroscopy) and E12-20-013 

( Λ
208𝑇𝑙 spectroscopy) concerning the 

understanding of neutron star structure, and E12-

19-002 (measurements of the binding energy of 

Λ
3𝐻 and Λ

4𝐻)  and C12-20-003 (conditionally 

approved, investigating the possible existence of a 

nnΛ resonance) to study the CSB. Because of the 

schedule of the experiment MOLLER that will run 

in Hall A, to avoid postponing too much  the 

hypernuclear spectroscopy experiments, JLab

management prompted the Jlab hypernuclear

collaboration to move from Hall A to Hall C. This 

change has the advantage to improve very much 

the resolution, but the consequent kinematics 

change reduces the cross sections and 

consequently the Signal over Noise ratio and the 

experimental setup in Hall C forbids the use of 

gaseous targets. For this reasons, the proposals 

PR12-24-013 and PR12-24-003, that are the 

updating of the proposals E12-15-008 and E12-

20-013 (neutron star structure studies) in order to 

adapt them to Hall C apparatus are being 

submitted to Jlab PAC 52, while the CSB studies 

were substantially changed with the submission 

of the new proposal PR12-24-004 (Λ
6𝐻𝑒, Λ

9𝐿𝑖, and 

Λ
11𝐵𝑒 spectroscopy) and the Run Group Addition 

E12-20-013A/E12-15-008A (spectroscopy of the 

hypernuclei and hypernuclear fragments produced 

in the aforementioned experiments).



Neutron star structure 



Neutron stars are remnants of the 
gravitational collapse of massive stars having
masses of  (1-2 solar masses ~ 2 x 1033 Kg) 
and are excellent observatories to test 
fundamental properties of nuclear matter
under extreme conditions and offer
interesting interplay between nuclear
processes and astrophysical observables

Hyperons are expected to appear in their core 
at r ~ (2-3)ro when mN is large enough to make
conversion of N to Y energetically favorable. 
However, this results in a reduction of the 
Fermi pressure exerted by the baryons and a 
softening of the equation of state (EOS). As a 
consequence, the maximum mass determined 
by the equilibrium condition between 
gravitational and nuclear forces is reduced. 
Most of EOS of matter containing strangeness 
predict a maximum neutron star mass of about 
1.5 solar masses. However, the recent 
measurements of neutron star masses as big 
as 2 solar masses require a much stiffer EOS 
(Hyperon puzzle).



The hypothesis that Neutron Star masses cannot be greater than 1.5 solar 

masses derived from the assumption that the attractive interaction between Λ 

and nucleons, experimentally confirmed only at the normal nuclear density 

(ρ0), holds true also when one deals with higher density nuclear matter.

To solve the hyperon puzzle it has been suggested that three body forces

could provide additional repulsion making the EOS stiffer enough.

This hypothesis is justified by the observation that realistic NN interaction 

models, which describe all the NN scattering data and light nuclei (by adding 

attractive NNN 3BF), fail to reproduce the

nuclear saturation density ρ0. This indicates that a repulsive, short-range 3BF 

is present in the interaction between nucleons. 

It is natural to hence to postulate a similar repulsive ΛNN (and ΛΛN, ΛΛΛ) 

interaction. 

However, this has to  be proved experimentally!



D. Lonardoni et al.

the effect of 
including the LNN 
term in the 
Hamiltonian is very
strong. It provides
the repulsion
necessary to 
realistically
reproduce the 
limiting value of BL

I. Vidana et al.
Only hypernuclei described as a 
closed shell nuclear core + a Λ
sitting in a s.p. state are 
considered. Comparison with the 
closest hypernucleus for which
exp. data is available

Inclusion of ΛNN 
improves the agreement
with data for 91ΛZr & 
209ΛPb.



I . Vidaña12 D. Logoteta1 C. Providência1 A. Polls2 I. Bombaci3

γN N x γY N M m ax ρc vs

0 - 1.27(2.22) 1.35(1.07) 0.46(1.03)

1/ 3 1.49 1.33 1.33 0.48

2 2/ 3 1.69 1.38 1.29 0.52

1 1.77 1.41 1.24 0.54

0 - 1.29(2.46) 1.19(0.92) 0.43(1.17)

1/ 3 1.84 1.38 1.16 0.49

2.5 2/ 3 2.08 1.44 1.12 0.54

1 2.19 1.48 1.09 0.56

0 - 1.34(2.72) 0.98(0.79) 0.40(1.34)

1/ 3 2.23 1.45 0.97 0.50

3 2/ 3 2.49 1.50 0.94 0.55

1 2.62 1.54 0.90 0.58

0 - 1.38(2.97) 0.87(0.69) 0.38(1.47)

1/ 3 2.63 1.51 0.86 0.51

3.5 2/ 3 2.91 1.56 0.83 0.56

1 3.05 1.60 0.80 0.59

Table 2: Maximum neut ron star mass, cent ral baryon number

density and cent ral speed of sound for different values of the

contact term parameters. The result s for x = 0 correspond to

the case when only nucleonic TBF are considered. In brakets

are given the corresponding values when the presence of hyper-

ons is neglected. Masses are given in M whereas the cent ral

baryon density, ρc, is given in fm− 3 and the cent ral speed of

sound is given in unit s of c.

at ive weight of the phenomenological part of our calcu-

lat ion with respect to the microscopic one), by evaluat -

ing the rat io between the last four terms of Eq. (7), and

the sum B i k
nB i

(|k|)UB i
(k)/ (2V) (see Eq. (4)). We

find that , in average, this rat io is smaller than 0.2 for

ρ < 4ρ0, it ranges between 0.2 and 0.5 for densit ies up to

∼ 5ρ0, and it is larger than 1 for ρ > 6ρ0, clearly showing

that the relat ive importance of hyperonic TBF increases

for larger densit ies. The results for x = 0 correspond to

the case when only nucleonic TBF are considered (i.e.,

aY N = bY N = 0). In brakets are given the correspond-

ing values when the presence of hyperons is neglected in

the EoS. Note that in this case the result ing maximum

mass is relat ively large, ranging from 2.22M for γN N = 2

to 2.97M for γN N = 3.5. The presence of hyperons in-

duces here a reduct ion of the mass to values in the interval

1.27− 1.38M , well below the limit of 1.4− 1.5M . Note

that the range of variat ion of the maximum mass is about

0.11M in this case, compared to a range of ∼ 0.75M

when hyperons are absent . This is a consequence, as al-

ready pointed out in Ref. [9], of a st rong compensat ion

mechanism caused by the appearance of hyperons which

makes the maximum mass quite insensit ive to the purenu-

cleonic part of the EoS. As expected, the cent ral density

decreases when increasing the effect of three-body forces

(the pressure is larger and consequent ly the object is less

compact), but at the same t ime the speed of sound in-

creases, because the EoS is st iffer. We note that when

the presence of hyperons is neglected the EoS is always
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Fig. 1: (Color online) Upper panel: β-stable mat ter EoS. Lower

panel: Mass-radius relat ion for different EoS. Circles indicate

the cent ral baryon number density, cent ral pressure, mass and

radius of the maximum mass stellar configurat ion. Horizontal

lines show the masses of the pulsars PSR J1614-2230 [30], PSR

J1903+ 0327 [31] and the Hulse–Taylor one [32]. See the text

for details.

supraluminical. This is not surprising, since our approach

is a non-relat ivist ic one, and causality is, therefore, not

guaranteed. However, note that as soon as hyperons are

present in mat ter, the softening of the EoS induced by

their presence is such that in these cases the EoS remains

alwayscausal. I t is clear from Table 2 that hyperonic TBF

provide addit ional repulsion making the EoS st iffer, and

the maximum mass larger. For a fixed value of the ex-

ponent γN N the maximum mass increases when increas-

ing x (i.e., γY N ). This is an expected result , since by

increasing x we are increasing the st rength of the hyper-

onic TBF and, as a consequence, the EoS becomes st iffer,

and the maximum mass larger. We have checked that

the rate of increase of M m ax with x is slight ly quadrat ic.

The st iffer EoS including hyperonic TBF is obtained for

γN N = 3.5 and x = 1 (γY N = 3.05), and allows for a max-

imum mass of about 1.60M . We note that although the

inclusion of hyperonic TBF can reconcile the maximum

mass of hyperonic stars with the “ canonical” value, they

are, however, unable to make the maximum mass compat-

p-4

1. Nucleons without 3 body forces
2. Nucleons with 3 body forces
3. L and N with 3 body forces(LNN)
4. L and N without 3 body force

It clearly appears that the inclusion of YNN
forces (curve 3) leads to a large increase of the
maximum mass, although the resulting value is
still below the two solar mass line.

D.Lonardoni et al., Phys. Rev. Lett. 114,
092301 (2015) (AFDMC)

G-Matrix: ESC08 + MPa

Y. Yamamoto et al., Phys. Rev. C 90, 045805 (2014)







Two proposals to solve the “hyperon puzzle”
PR12-24-013

An isospin dependence study of the Lambda-N interaction 
through the high precision spectroscopy of Lambda hypernuclei
with electron beam.

Neutron stars are 90% made up of neutrons. The effect of 
asymmetry of the nuclear medium on the hyperon chemical 
potential can be translated into an isospin dependence of YNN 
interaction. Very accurate measurements of asymmetric 
hypernuclei binding energies are hence necessary. According to 
Auxiliary-Field Diffusion Monte Carlo (AFMC) calculations, if the 
three-body ΛNN repulsive force has isospin dependence it would 
result in a shift in the energy dependence when the neutron-rich 

Λ
48𝐾 target is used. On the other hand the effect of isospin 

dependence is small for the target Λ
40𝐾 with equal numbers of 

protons and neutrons.

Studying Λ interactions in nuclear matter with 

the 208𝑃𝑏 𝑒, 𝑒′𝐾+
Λ

208𝑇𝑙 reaction

The measured charge density distribution of 
208Pb clearly shows that the region of nearly 
constant  density accounts for a very large 
fraction (~70 %) of the nuclear volume, thus 
suggesting that  its properties largely reflect 
those of uniform nuclear matter in the neutron 
star
The validity of this conjecture has been long 
established by a comparison between  the 
results of theoretical calculations and the data 
extracted from the 208Pb(e,e´p)207Tl cross 
sections measured at NIKHEF in the 1990s

PR12-24-003



1000 simulated binding energy 
spectra, generated randomly 
with the expected background 
and with events generated 
randomly according to 8 gaussian 
distributions positioned at the 
locations and with the heights 
expected in the binding energy 
spectrum for the 8 most 
bounded states, were fitted



Charge symmetry breaking





Proposal  PR12-24-004

Study of Charge Symmetry Breaking in p-shell hypernuclei

Existing data accuracy is sufficient for CSB study. 

Λ
6𝐻𝑒, Λ

9𝐿𝑖, and Λ
11𝐵𝑒 spectroscopy





Run Group Addition E12-20-013A/E12-15-008A

A list of expected pion momenta



Pion spectra

Li target  Graphite target  



Study on the nucleus deformations 





Schedule

- Experimental Readness Review (EER)
scheduled on November -Dicember 2024

- Apparatus installation: 2026

- Experiment run 2027



Rivelatori microstrip di silicio
Sta per finire la messa a punto e caratterizzazione di due piani (X,Y) di rivelatori microstrip di silicio. 
Ciascun piano sarà formato da due rivelatori microstrip di silicio di 10x10 cm2 di superficie, cosicché la 
superficie totale di ciascuno dei due piani sarà di 20x10 cm2. Pitch dei rivelatori: 50 μm

Un possibile impiego dei rivelatori microstrip di silicio:

Come sieve slit attive  negli esperimenti di spettroscopia ipenucleare
Questi esperimenti erano inizialmente programmati per aver luogo in Hall A, ed erano stati approvati dal PAC di JLab.
Tuttavia, la necessità di runnare in Hall A il prima possibile l’esperimento MOLLER ha spinto il management di Jlab a chiedere
che questi esperimenti avessero luogo in Hall C. Questo ha comportato alcune difficoltà nell’adattare agli spettrometri 
della Hall C i due setti magnetici (Particle Charge Separator /PCS), appositamente disegnati per essere posti davanti 
agli spettrometri di Hall A per permettere ad essi di rivelare particelle diffuse a piccolo angolo.
In particolare, se si tentasse di riprodurre lo stesso setup sperimentale previsto in Hall A, la sieve slit box montata sull’entrata
della camera a vuoto del PCS posto davanti allo spettrometro impiegato per la rivelazione dei Kaoni (HKS) interferirebbe
con il beam pipe. Questo costringe a uno spostamento indietro dell’intero sistema PCS + HKS di circa 17.8 cm
con perdita dell’angolo solido dello spettrometro. Tutto questo potrebbe essere evitato utilizzando, al posto delle sieve slit
«classiche», i piani di microstrip di silicio per determinare (tra l’altro con estrema precisione) gli angoli di diffusione delle 
particelle nei run di calibrazione effettuati per determinare i data base ottici degli spettrometri.


