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-  Electroproduction of hypernuclei with e.m. probes 
    and Experimental challenges  
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  - Few body 
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  - Pb 
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HYPERNUCLEAR PHYSICS 
  Hypernuclei are bound states of nucleons with a strange baryon (Λ)  

 
 
  Extension of physics on N-N interaction to system with S#0  

 

 
  Internal nuclear shell  

  are not Pauli-blocked 
  for hyperons 
 
  Spectroscopy 

Unique aspects of strangeness many body problems 

Links with astrophysics (NS) (“hyperon puzzle”) Λ - N interaction 

a “laboratory” to study 



Hypernuclear investigation 

•  Few-body aspects and YN, YY interaction  
–  Short range characteritics ofBB interaction 
–  Short range nature of the ΛΝ interaction, no pion exchange: meson 

picture or quark picture ? 
–  Spin dependent interactions 
–  Spin-orbit interaction, ……. 
–  ΛΣ mixing or the three-body interaction 

 
•  Mean field aspects of nuclear matter 

–  A baryon deep inside a nucleus distinguishable as a baryon ?  
–  Single particle potential  
–  Medium effect ? 
–  Tensor interaction in normal nuclei and hypernuclei 
–  Probe quark de-confinement with strangeness probe 

•  Astrophysical aspect 
–  Role of strangeness in compact stars 
–  Hyperon-matter, SU(3) quark-matter, … 
–  YN, YY interaction information 



ΛN interaction 

(r) 

Each of the 5 radial integral (V, Δ, SΛ , SN, T) can be  phenomenologically 
determined from the low lying level structure of p-shell hypernuclei 

SΛ 
SN  

Δ 

Τ

✔ most of information is carried out by the spin dependent part   
✔ doublet splitting determined by Δ, σΛ, T 

What do learn from hypernuclear spectroscopy: the Λ-Ν interaction 



High resolution, 
high yield, and 

systematic study 
is essential 

using 
electromagnetic 

probe 

and 

BNL    3 MeV 

Improving energy 
resolution 

KEK336   2 MeV 

         ~ 1.5 MeV 

Absolute energy calibration 
with Λ and Σ0 masses 

production of mirror hypernuclei 
energy resolution ~ 500 KeV 

635 KeV 670 KeV ∼ 550 keV 



The CEBAF Accelerator 

Continuous Electron  
Beam 

Accelerator 
Facility 

 
•  Energy 0.8 ─ 5.7 

GeV 
 

•  200 µA, 
polarization 

75-85% 
 

•  1499 MHz 
operation 

 
•  Simultaneous 

delivery to 3 halls 

A B C 



Hall C: The First Pioneer Experiment   
Jlab E89-009 - The HNSS setup 

Beam Dump 

Target 
Enge 
Split-Pole 
Spectrometer 

Electron Beam 
1.864 GeV 

    Focal Plane 
( SSD + Hodoscope ) 

Splitter  
Magnet 

K+ 
SOS Spectrometer(QDD) 

Q 
D 

_ 
D 

0.3GeV/c 

1.2GeV/c 

e’ 
Local Beam Dump 

Year 2000: The first generation 
experiment (E89-009, HNSS)  on Carbon 
Target proved that (e,e'K+) hypernuclear 
study is possible with high quality  
electron beam at JLab. 



configuration Split-pole 

Momentum 
acceptance 0.316 GeV/c± 30 % 

Momentum 
resolution 4×10-4 (FWHM) 

Configuration QQD 

Momentum acceptance 1.2 GeV/c± 12.5 % 

Momentum resolution 2×10-4 (FWHM) 

Angular acceptance 1°~　13° 

Solid angle 16 msr (w/ splitter) 

E’ 0.3 GeV/c  

K+ 1.2 GeV/c 

E  1.8 GeV 

HKS (newly designed) 

Second Generation  E01-011 setup	



Tilt method 

•  Bremsstrahlung 
    very forward peaked 
•  Møller scattering 
      scattering angle and 

momentum are correlated 

Background electrons 

Tilt Enge spectrometer  
by 8 degree 
(optimization of e’   
　detection angle) 

to avoid them 
e’

8 degree 



2005 E01-011

First step to medium heavy hypernuclei (28Si,  12C, 7Li)

Beam: 30 µA, 1.8GeV 
HKS:  Δp/p = 2 x 10 -4 [FWHM] 

Solid angle 16msr(w/splitter) 

ENGE 

HKS 

Splitter 

Electron beam 

To beam dump 

Target 

Two Major Improvements 

New HKS 

Tilt Method 
0ο – 4.5° 





JLAB Hall A Standard Experimental setup 
The two High Resolution Spectrometer (HRS) in Hall A @ JLab 

HRS – QDQ main characteristics: 
Momentum range:   0.3, 4.0 GeV/c 
Δp/p (FWHM):      10-4 

Momentum accept.: ± 5 %  
Solid angle:      5 – 6 msr 
Minimum Angle :   12.5° 

Improvements are needed 
for hyperuclear 

spectroscopy experiments 



good energy resolution 

reasonable counting rates 

forward angle 

septum magnets 

     do not degrade HRS    

minimize beam energy instability 

  “background free” spectrum 

  unambiguous K identification 

RICH detector 
High Pk/high Ein (Kaon survival) 

1.  ΔEbeam/E : 2.5 x 10-5  

2. ΔP/P     :  ~ 10-4 

3. Straggling, energy loss… 

~ 670 keV 



hadron arm 

septum magnets

RICH Detector

electron 
arm 

aerogel first generation

aerogel second generation

To be added to do the experiment 

Hall A deector setup 



JLAB Hall A Experiment E94-107 

16O(e,e’K+)16ΛN 

12C(e,e’K+)12ΛΒ 
9Be(e,e’K+)9ΛLi 

H(e,e’K+)Λ,Σ0 

Ebeam = 4.016, 3.777, 3.656 GeV 
Pe= 1.80, 1.57, 1.44 GeV/c           Pk= 1.96   GeV/c 

θe = θK = 6° 
W ∼ 2.2 GeV   Q2 ~ 0.07 (GeV/c)2 

Beam current : <100 µA  Target thickness : ~100 mg/cm2 

Counting Rates ~ 0.1 – 10 counts/peak/hour 

A.Acha, H.Breuer, C.C.Chang, E.Cisbani, F.Cusanno, C.J.DeJager, R. De Leo, R.Feuerbach, 
S.Frullani, F.Garibaldi*, D.Higinbotham, M.Iodice, L.Lagamba, J.LeRose, P.Markowitz, S.Marrone, 
R.Michaels, Y.Qiang, B.Reitz, G.M.Urciuoli, B.Wojtsekhowski, and the Hall A Collaboration 
and Theorists: Petr Bydzovsky, John Millener, Miloslav Sotona 

E94107 COLLABORATION 

Ε-98-108. Electroproduction of Kaons up to Q2=3(GeV/c)2 (P. Markowitz, M. Iodice, S. Frullani, G. 
Chang spokespersons) 

E-07-012. The angular dependence of 16O(e,e’K+)16N and H(e,e’K+)Λ  (F. Garibaldi, M.Iodice, J. 
LeRose, P. Markowitz spokespersons)  (run : April-May 2012) 

 Kaon collaboration 



Kaon Identification through Aerogels 

The PID Challenge 
 Very forward  angle  --->  high background of π and p 
- TOF and 2 aerogel in not sufficient for unambiguous K identification !

AERO1 
 n=1.015 

AERO2 
 n=1.055 

p 
k 
π 

ph = 1.7 : 2.5 GeV/c 

Protons = A1•A2 

Pions    = A1•A2 
Kaons   = A1•A2 

p 
k All events 

π 

k 







Ring Imaging Cherenkov  (RICH) detector  –C6F14/CsI 
proximity focusing RICH 

Chϑ
“MIP” 

Performances  
- Np.e. # of detected photons(p.e.) 
- and  σθ  (angular resolution) 
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The RICH detector at Jefferson Lab 

RICH flying to hunt kaons  

into the detector hut  



RICH – PID – Effect of ‘Kaon selection  

π P 

K 

Coincidence Time selecting kaons on Aerogels and on RICH 

AERO K AERO K && RICH K 

Pion 
rejection 
factor ~ 
1000 





The binding energy spectrum of the hypernucleus 9ΛLi obtained through the reaction 
9Be(e,e’K+) 9ΛLi after kaon selection with aerogel detectors and RICH in a) the whole 
energy range and b) restricted to the region of interest. 

9Be(e,e’K+) 9ΛLi 



The radiatively unfolded experimental spectrum 
compared to a theoretical prediction (thin green 
line). Thesolid black line represents a fit to the 
data with four Gaussians of a common width. 

Experimental excitation energy vs Monte 
Carlo Data   (red curve) and vs Monte 
Carlo data with radiative  effects 
“turned off” (blue curve)  

Radiative corrections not 
depend on the hypohesis on 
the peak structure producing 
the experimental data  



The experimental peak postions agree quite well with the theoretical predictions  
 
The splitting of the two peaks making up the first doublet (570 ± 120 keV) corresponds very well to 
the theoretical value of 590 keV  
 
On the other hand, in the first multiplet, the 5/2+ dos not dominate as theoretically predicted and 
the third multiplet is observed as a single peak against a theoretically predicted splitting of 470 keV  
  
An elementary model for the (e,e’K+) reaction with a different balance of spin-flip and non-spin-flip 
amplitudes with respect to what so far assumed might help to resolve this disagreement     

A separation energy BΛ of 8.36 ± 0.08 (stat) ± 0.08 (sys) was measured, quite 
in agreement with the value of 8.50 ± 0.12 MeV from emulsion data 

Excitation energies, widths and cross sections obtained by fitting the 9Be(e,e’K+) 9ΛLi spectrum (first 
three columns) compared with theoretical precitions (last four columns) 



Results on 12C target 
Hypernuclear Spectrum of 12BΛ  

•  BACKGROUND level is very low ⇒ Signal/Noise Ratio is very high 

•  Clear evidence of core excited peak levels between the ground state 
and  the strongly populated p-Lambda peak at 11 MeV 

•  Quasi free K-Lambda production dominate the spectrum above 13 MeV  



- Peak Search : 
Identified 6 regions with 
excess counts above 
background 

o  Fit to the data: Fit 6 regions with 6 Voigt functions 
(convolution of Gaussian and Lorentzian) χ2/ndf = 1.16 

o  Theoretical model superimposed curve based on : 
•  Saclay-Lyon-A p(e,e’K+)Λ (elementary process) 
§  ΛN interaction from 7ΛLi γ-ray spectra 

Results on 12C target – Hypernuclear Spectrum of 12BΛ  



670 keV 
FWHM 

o  Measured cross sections in good agreement with 
theory 

o  Energy resolution ~670 keV 
o  First clear evidence of core excited states with 

high statistical significance 
o  Hint for a peak at 9.54 MeV (admixture states) 

Results on 12C target – Hypernuclear Spectrum of 12BΛ  



- bla bla  

Measured cross sections in good 
agreement with theory 

Results on 12C target – Hypernuclear Spectrum of 12BΛ  



The energies of the 1/2- and 3/2- levels of the core are raised primarily by the 
SN term because the interaction lN. SN changes the spacing of the core levels (the 
magnitude can be changed by changing SN or changing the p-shell w.f. of the core) 

pΛ states

The overall excitation energy of these states  depends on energy separation of the 
pΛ and sΛ single particle states.  

 

Essentially degenerate 2  and  3  dominate in the main p-shell peak (~ 11 MeV)1.9 
MeV higher is  1/2-UΛp3/2 -> 2 

 

The good resolution of  the (e,e’K) reaction may enable a limit to be put on the 
spacing of 2  and  3  

 
The “sixt” peak should be due, in the simplest model, to states based on core 
states with positive-parity and the lambda in an s state that mix with negative-
parity core states coupled to pΛ. 

sΛ states  



Be windows H2O “foil” 

Η2Ο “foil”

The WATERFALL target: reactions on 16O and 1H nuclei 



1H (e,e’K)Λ 

16O(e,e’K)16NΛ

1H (e,e’K)Λ,Σ 

Λ

Σ

Results on the WATERFALL target - 16O and 1H 

Ø  Water thickness from elastic cross section on H 
Ø  Precise determination of the particle momenta and beam energy 
    using the Lambda and Sigma peak reconstruction (energy scale calibration) 



Fit 4 regions with 4 Voigt functions 
χ2

/ndf = 1.19 

0.0/13.76±0.16

   Results on 16O target – Hypernuclear Spectrum of 16NΛ  

Theoretical model based on : 
SLA p(e,e’K+)Λ (elementary process) 
ΛN interaction fixed parameters from 

KEK and BNL 16ΛO spectra 
•  Four peaks reproduced by theory 
•  The fourth peak (Λ in p state) 

position disagrees with theory. 
This might be an indication of a 

large spin-orbit term SΛ 
 
 



Fit 4 regions with 4 Voigt functions 
χ2

/ndf = 1.19 

0.0/13.76±0.16

Binding Energy BL=13.76±0.16 MeV 
Measured for the first time with 

this level of accuracy  
(ambiguous interpretation from 

emulsion data; interaction involving 
Λ production on n more difficult to 

normalize) 

Within errors, the binding energy and the 
excited levels of the mirror hypernuclei 
16OΛ and 16NΛ (this experiment) are in 
agreement, giving no strong evidence of 
charge-dependent effects 

   Results on 16O target – Hypernuclear Spectrum of 16NΛ  



 Elementary production of Λ in 1H(e,e’K+)Λ 
- Calculations of the cross section for the electroproduction of 
hypernuclei use the elementary amplitudes and a nuclear and 
hypernuclear wavefunction. 
 

 

 
- The cross sections are sensitive only to the elementary amplitude for 
very small kaon angles.  

- Measure the elementary production cross section as input for the 
hypernuclear calculations and determine its small-angle behavior 
 
- Dynamics of the elementary reaction itself is also interesting in this 
unexplored kinematics region.  
 
-  By measuring the ratio of hypernuclear/elementary reaction makes 
the interpretation the hypernuclear structure simpler 
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10/13/09 

p(e,e'K+)Λ on Waterfall 
Production run 

Expected data from E07-012, study 
the angular dependence of  
p(e,e’K)Λ and 16O(e,e’K)16NΛ  

at low Q2 

Results on H target – The p(e,e’K)Λ  Cross Section 

p(e,e'K+)L on LH2 Cryo Target 
Calibration run 

• None of the models is able to describe the 
data over the entire range 
• New data is electroproduction – could 
longitudinal amplitudes dominate? 



10/13/09 

study the angular dependence of  
p(e,e’K)Λ and 16O(e,e’K)16NΛ  
at small kaon angles and at low Q2 

     Results on H target – The p(e,e’K)Λ  Cross Section 

è None of the models is able to describe the data over 
the entire range 
  
è New data in electroproduction allows studying 
dynamics of the models – hadronic form factors,  
longitudinal couplings….. 

W=2.2 GeV 

The small angle behavior of the 
cross section is poorly known (results 
from E94-107 running at higher W).  
CLAS, SAPHIR and LEPS have 
difficulty reaching angles smaller 
than ~20o.  
This experiment will cover the range 
θγκ ~ 0 and allow for several bins.  







#4 and 5 corresponds to # 4 Hall A (first pair of PΛ states (2+
1, 1+

1) 

# 6 corresponds to the second pair of PΛ states (2+
2,3+

1) 

# 8 corresponds the third pair of PΛ states (2+
2,1+

2) 

# 7, ‘extra’ peak not predicted by 0hω based calculations using a p-shell core 

This pΛ configuration infer strong mixing of p3/2 Λ and p1/2 Λ

# 4 and 7 not predicted, may indicate states with a configuration of sΛ coupled tothe 3/2+ and 5/2+ 
+ sd-shell 11B core states 
 
Theoretical investigation with full 1hω based calculations are needed 

Hall A Hall C 

#1 

#2 

#3 #4 

#5 

#6 

preliminary 



preliminary 















Shifting by 0.54 MeV BΛ becomes compatible that of emulsion experiment 

BΛ   
10

ΛB   measured both with emulsion (three event) and from  (π,Κ) (using a 
reference BΛ of 12ΛC from emulsion)  not consistent



Δfit
emul–KEK =+0.54 +- 005 MeV 















The possible correction of 0.54 MeV on 12ΛC binding energy 
makes results in the emulsions and (π,K) experiments 
consistent, and support small CSB effect in the A = 10 and 
A = 12 hypernuclear system as expected from theory 

The binding energy of 12
ΛC was used as a reference of the 

binding energy measurements for all the (π+,K+) 
experiments in which most energy levels of  hypernuclei 
with A > 16 were obtained and used as theoretical inputs 
for the study of Λ - N potential.  

Therefore, well calibrated binding energy measurements 
particularly for medium to heavy mass region are needed, 
and only the (e, e′K+) experiment would be suitable for the 
purpose 



Data to be shifted 
by 0.54 MeV  

Do all data in 
medium to heavy 
mass region need 
this correction ? 

To be confirmed by (e,e’K) 
experiments 



Conclusions (I part) 
-  Good results from the Hall A (9Be, 12C, 16O) and Hall C 

(7He, 10B, 12C) data (huge experimental effort) 

 
-  Absolute binding energy calibration is one of the great 

advantages of the (e,e’K) hypernuclear spetroscopy 

-  Some calculation still to be done for interpretation of the 
data 

 
-  CSB has to be studied and understood 
 
 
-  BΛ measurements should be extended to medium-heavy 

mass nuclei 



Prospectives 

Future mass spectroscopy 



Charge symmetry breaking 
(part I) 

Hyperon puzzle 
(part II) 

Light hypernuclear spectroscopy 

4
ΛΗ spectroscopy 

P(e,e’K+) ΛΣ0 (small θγκ)

Exotic systems ([nΛ], [nnΛ]) 

Established lightest HY (3
ΛΗ) 

Mid-Heavy Hyp.Nucl 

A dependence of BΛ

40
ΛK, 89ΛSC, 208ΛTl 

Isospin dependence (48Λ K) 

Proposal to Jlab PAC 
A study of the ΛN interaction through  

the high precision spectroscopy of  
Λ-hypernuclei with electron beam  



NN scatt. 

LQCD 
Barion interaction 

Obs 2 solar mass 
 

Hyperon puzzle 

Hypernuclear spectroscopy 

A coherent series of measurements on Λ hypernuclei in a 
wide mass range of targets to investigate the ΛN 
interaction and various forms of quantum many body 
systems bound by strong interaction 













A = 4 Systems 
CSB ΛN potential 







3B/4B Repulsive Hyperon Interaction for EOS of 
Neutron Stars 

Key points to 
understand 
neutron stars 

Hyperon force 
under high ρ

3B repulsive 
force 

Inclusion of 
hyperons 

soften EOS 



Currently there is no general agreement among the predicted results for the EOS and the 
maximum mass of NS including hyperons. This has to be ascribed to the combination of an 
incomplete knowledge of the forces governing the system (in the hypernuclear case both two- and 
three-body forces), and to the concurrent use of approximated theoretical many-body techniques. 

However, the most accurate phenomenological three-body force (Illinois 7), while providing a 
satisfactory description of the spectrum of light nuclei up to 12C [PIE08] yields to a pathological 
EOS for pure neutron matter (PNM) [MAR13]. On the other hand, when additional information on 
the three-nucleon interaction is inferred from saturation properties of symmetric nuclear matter 
(Urbana IX force), the resulting PNM EOS turns out to be compatible with astrophysical 
observations  

Recent analysis of 16O-16O scattering data shows that the established meson exchange potential 
model (Nijmegen ESC08c) cannot reproduce the cross section at large scattering angles and 
inclusion of 3-body/4-body repulsive forces solves the problem [FUR09]. This is also an indication 
that 3-body/4-body repulsive forces become more significant at higher density.  

In the degenerate dense matter forming the inner core of a NS, Pauli blocking would prevent 
hyperons from decaying by limiting the phase space available to nucleons. When the nucleon 
chemical potential is large enough, the conversion of nucleons into hyperons becomes 
energetically favorable. This results in a reduction of the Fermi pressure exerted by the 
baryons and a softening of the equation of state (EOS).  

Behavior of such repulsive forces at higher density can be studied more clearly in heavier 
hypernuclear system. Additional information must necessarily be inferred from the properties of 
medium and heavy hypernuclei in order to extrapolate to the infinite limit. 



 EOS of Nuclear Matter (with hyperons) 
 Microscopic nuclear force model at 2ρ0 

 Density dependence (Yamamoto et al, Bruckner + G matrix calulations) 

 Importance of repulsive 3 body forces 

An approach to 
solve the 

hyperon puzzle 
It is expected that such 
3/4-body YN forces make 
systematic shifts to the 
energy levels of medium to 
heavy hypernuclei at the 
few 100 keV level, which 
affects calculated maximum 
neutron star mass by 
~30%.  

Therefore, precise Λ binding 
energy measurements of 
h y p e r n u c l e i s h o u l d b e 
determined in medium to 
heavy hypernuclei.  3 body, strong effect at high densities 



Auxiliary Field Diffusion Monte Carlo (AFDMC) (Lonardoni et al.) 



Auxiliary Field Diffusion Monte Carlo (AFDMC) (Lonardoni et al. 

Potential models predicting relatively small differences in the Λ separation energies of 
hypernuclei give dramatically different results for the properties of an infinite medium 

EOS spans all the regimes from the appearance of a substantial fraction of hyperons at ~ 2 ρ 0≃0.32 
fm-3 to the absence of Λ particles in the whole density range of the star 



Medium mass hyperuclei  
Systems with A≤50 are similar to the infinite medium for which ab-initio many-body 
calculations are feasible. However, present experimental information in the mass region 
40≤ A≤50 relies uniquely on the data measured by the (π+, K+) reaction 

Precise measurements of BΛ in 40Ca(e, e′K+)40ΛK and 48Ca(e, e′K+)48ΛK could 
provide such data as well as assess the isospin dependence of the 
phenomenological three-body hyperon-nucleon force  

Experimental data suitable to establish a possible asymmetry between the Λnp 
and the Λnn interactions are rather scarce 

New accurate (e ,e ’K+) 
measurements of the Λ 
separation energies are 
necessary to constrain the 
behavior of hypernuclear 
interactions at densities 
relevant for neutron star 
matter  



The present parametrization of the ΛNN potential, based on a fit to 
symmetric hypernuclei, includes a contribution that can be written in terms of 
projectors on the triplet (T = 1) and singlet (T = 0) nucleon isospin channels. 
Introducing an additional parameter CT, it is possible to gauge the strength 
and the sign of the Λnn contribution.   

Preliminary results for the Λ separation energies obtained by the AFDMC 
calculation varying CT from -2 to 3. The BΛ are normalized with respect to the 
CT = 1 case for which the original three-body force is recovered. The grey 
bands represent the 2% and 5% variations of the ratio BΛ/BΛ(CT = 1).  



No scattering data exist in the YY sector (a ΣN scattering experiment is currently in 
preparation at J-PARC) 

Therefore, the realistic YN interaction models use the measured binding 
energies of hypernuclei as constraints  

Mass dependence of BΛ









 Λ Hyperon in heavier nuclei – 208(e,e’K+)208ΛTi
✔ A range of the mass spectroscopy to its extreme 

Hotchi et al., PRC 64 (2001) 044302 

Hasegawa et. al., PRC 53 (1996)1210 

✔ Studied with (π,k) reaction, levels barely visible (poor energy resolution)  

✔ (e,e’K) reaction can do much better  
  Energy resolution à Much more precise Λ single particle 
energies. Complementarity with (π,k) reaction  



“Up to now these data are the best 
proof ever of quasi particle motion 
in a strongly interacting system” 



“Up to now these data are the best 
proof ever of quasi particle motion 
in a strongly interacting system” 

Millener-Motoba  calculations 
 
-   particle hole calculation, weak-coupling 
of the Λ hyperon to the hole states of the 
core (i.e. no residual Λ-N interaction).   

-  Each peak does correspond to more than 
one proton-hole state 
 
- Interpretation will not be difficult 
because configuration mixing effects 
should be small 
 
- Comparison will be made with many-body 
calculations using the Auxiliary Field 
Diffusion Monte Carlo (AFDMC) that 
include explicitely the three body forces. 
 
- Once the Λ single particle energies are 
known the AMDC can be used to try to 
determine the balance between the spin 
dependent components of the ΛN and ΛNN 
interactions required to fit Λ single-
particle energies across the entire periodic 
table. 
 



      <I> (µA) Target 
thickness 
(mg/cm2) 

Peak 
significance 

Peak 

10 100 3.48 s-shell  
10 200 4.13 s-shell  
10 300 4.48 s-shell  
10 100 7.54 p-shell 
10 200 9.21 p-shell 
10 300 11.52 p-shell 
20 100 4.13 s-shell  
20 200 4.63 s-shell  
20 300 4.84 s-shell  
25 100 4.3 s-shell  
25 200 4.7 s-shell  
25 300 4.9 s-shell  
25 100 10.5 p-shell 
25 200 12.8 p-shell 
25 300 14.0 p-shell 



<i> = 25 µΑ   - 100 mg/cm2 (cryocooling) 

PID π rejection ratio ∼ 10-10

(threshold + RICH)  

The target 

RICH Detector

Target calibration  and monitoring 

Elastic scattering measurement off Pb-208 to know the actual thickness of the target then monitor 
continuously by measuring the electron scattering rate as a function of two-dimensional positions by 
using raster information.  

With rotating target we can run higher current 

Rich detector upgrated for 
transversity experiment 

but 



In 208 Pb the properties of a bound hyperon are likely to be little affected by 
surface effects  

Advantages of Pb 
In view of the astrophysical implications, experimental studies of hyper nuclei should 
focus on heavy targets, such as 208Pb, in which the region of constant density accounts 
for a large fraction (~70%)  of the nuclear volume (see figure) thus suggesting that its 
properties may be largely inferred from those of uniform nuclear matter  

The possibility of using lead as a model of uniform nuclear matter has been 
confirmed by (e,e'p) experiments, showing that the  observed spectroscopic 
factors of deeply bound shell model states of lead are very close to the 
results of nuclear matter calculations 



Summary and conclusions 
-  The (e,e’K) experiments in the 6 GeV era confirmed the specific, 

crucial role of this technique 

✔  The study of few body will provide important information about Charge Symmetry 
Breaking.  

-  ΛN interaction  
 
- Charge Symmetry Breaking (CSB) in the Λ-N interaction 
  
 
-  Λ binding energy as a function of A for different nuclei than those 
probed with hadrons with much better energy resolution and accuracy 
 
 
- The role of the 3 body ΛNN interaction in Hypernuclei and Neutron 
Stars, key point to solve the hyperon puzzle 

The new experiments would  allow to obtain important information on 



Backup slides 







The theoretical calculation of the (e, e′K+) cross section involves three ingredients: (i) the known 
cross section of the elementary ep→e′K+Λ process, (ii) the spectral function, describing the nucleon 
momentum and energy distribution in the 208Pb ground state, and (iii) the spectral function 
containing the information of the bound hyperon. In this context, using a realistic model of the 
nucleon spectral function, such as the one employed to obtain the results displayed in Fig would 
greatly reduce the systematic error associated with the treatment of the non-strange sector.  

Energy dependence of the spectroscopic factors extracted from the measured Pb 208(e,e′p)Tl 208 
cross sections [QUI86], compared to the theoretical resuls [BEN90]. The black and red solid lines, 
labelled Z(208Pb) and ZNM, correspond to uniform nuclear matter and 208Pb, respectively.  
The effects of short- (SRC) and long-range-correlations (LRC), the latter arising from surface 
effects, are indicated. 





Rich Performances  
‘key parameters’: 

Angular resolution: 

Npe π/p ratio: 

Npe for π and p 

Cherenkov angle for π

Cherenkov average angle (rad) 

Nclusters 







The RICH detector at Jefferson Lab 



RICH photocathode installation 



JLAB Hall A RICH flying to hunt kaons  
into the detector hut  





UV source and optical system  

The evaporator system 

Quantum 
Efficiency 

measurement 
system 
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Coil Magnetic Flux Density 

Septum Magnet Cold Mass – Iron Yoke, Thermosyphon Cooling Loops, Support Posts 
and Cold Bus 

Midplane map of By at 12° 
configuration. 

Midplane Histrogram of By 
at 12.0° setting. Current 
density of 24,000 Amp/cm2 

 

Back side view of septum showing the field within iron and the cutout of 
iron near the front that allows for small angle. 

General purpose device 
 Two independent arms 

Forward angle Septum magnets 



Old D.B. 

  Four Optical Elements (QQDQ) 

  Design Resolution 1.0E-4 FWHM momentum 
resolution 

  NIM Paper Shows 2.5E-4 FWHM 
momentum resolution 

  Multiple Coulomb Scattering Is The Reason 
For The Difference

Typical HRS System 

  Both Spectrometers Have Demonstrated ~ 1E-4 FWHM δ Resolution 

Beam and Optics (3) 

New D.B. 









Λ N vs ΣN
H. J Schulze and T Rjiken, Phys Rev C84, 035801 (2011)
New potential (ESC08) and TBF stiffen the EOS, allowing for higher
maximum masses of hyperon stars.

massive neutron stars have to be hybrid stars containing a core of
nonbaryonic (“quark”) matter, since the possibility of them being
nucleonic stars is ruled out by the early appearance of hyperons

Λ appears earlier than Σ



HKS PID

(gas Cherenkof
+ shower
counter) 

e,π rejection
105

HKS PID

3 TOF, 2 water Cherenkiv, three
aerogel Cerenkov
Power rejection capability is:
- In the beam p:K:p 10000:1:2000
- in the on-line trigger 90:1:90
- after analysis it is 0.01:1:0.02
- so for π the rejection power is 106

- and for p 105

Elastic scattering measurement off Pb-208 to
know the actual thickness of the target then
monitor continuously by measuring the electron
scattering rate as a function of two-
dimensional positions by using raster
information.

<i> = 25 µΑ − 100 mg/cm cryocooling

PID π/Κ ∼ 1012 (threshold + RICH)

RICH Detector Targets
standard solid + waterfall + solid cryocooled for Pb



HYPERNUCLEI and ASTROPHYSICS 

  Strange baryons may appear in neutral b-
stable matter through process like: 

   The presence of strange baryons in 
neutron stars strongly affect their 
properties. Example: mass-central density 
relation for a non-rotating (left) and a 
rotating (right) star 

  The effect strongly depends upon the 
poorly known interactions of strange 
baryons 

More data needed to constrain theoretical models. 





H.-J. Schulze, T. Rijken PHYSICAL REVIEW C 84, 035801 (2011) 



 

A separation energy BΛ of 8.36 ± 0.08 (stat) ± 0.08 (sys) 
was measured, quite in agreement with the value of 8.50 ± 

0.12 MeV from emulsion data 
    

 

The separation energy BΛ was determined after a careful 
calibration of the missing-mass scale, needed because of 
uncertainties in the kinematical variables such as the 
primary electron energy and the central momenta and the 
central scattering angles of the scattered electrons and 
the produced kaons. Because the experiment 9Be(e,e’K+) 
9
ΛLi was performed after and with the same kinematical 
setting of the experiment 12C(e,e’K+)12ΛB,  the kinematical 
variables were determined reproducing the binding energy 
of the hypernucleus 12ΛB ground state at the known position 
of 11.37 ± 0.06 MeV.  

Λ separation energy of the hypernucleus 9ΛLi 


