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INTRODUCTION 

 Goals: 
 To understand YN and YY interactions 

 To study short range interactions in baryonic interactions 
(OPE is absent in N interaction) 

 To better explore nuclear structure using  as a probe (not 
Pauli blocked by nucleons) 

Model the baryonic many body system 
 Study the role and the single particle nature of  in various 

nuclear medium and density 

 Shell Model with -N Effective Potential (pNs) 
       VN= V0(r)+V(r)sNs+V(r)LN s+VN(r)LN sN+VT(r)S12 
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RELIABILITY OF EMULSION RESULTS 
USING (K-
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Important source of data  

but lack statistics and resolution 
Reliability: Questionable 



ACHIEVEMENT OF GAMMA SPECTROSCOPY 
22 GAMMA TRANSITIONS WERE SO FAR OBSERVED 

Missing predicted 

gamma ray 



THEORY: DOUBLETS OF P-SHELL HYPERNUCLEI 

             Jp
u          Jp

l                               Eexp  
7

Li      3/2+     1/2+                                692 
7

Li      5/2+     3/2+                                 471 
9

Be    3/2+     5/2+                                   43 

 = 0.430MeV     S = -0.015MeV     SN = -0.390MeV      T = 0.030MeV 

(  strength is solved and calculated by other mean) 

            Contributions in keV 

                     S         SN          T         Eth  

 72       628        -1          -4          -9                          693 

 74        557      -32          -8        -71                          494 

 -8          -14        37           0        28                            44 

  However, they need to be modified for heavier hypernuclei 
 = 0.330MeV     S = -0.015MeV     SN = -0.350MeV      T = 0.0239MeV 

             Jp
u          Jp

l                               Eexp  
11

B     7/2+      5/2+                                264 
11

B     3/2+      1/2+                                 505 
12

C       2
-          1-                               161 

15
N    3/2+

2      1/2+
2                                 481 

16
O      1-          0-                                 26 

16
O      2-          1-

2                               224 

              Contributions in keV 

                      S          SN         T        Eth  

  56         339       -3         -10      -80                         267 

  61         424        -3        -44       -10                        475 

  61         175       -12       -13       -42                        153 

  65         451         -2       -16       -10                         507 

-33        -123       -20           1     188                           23 

  92         207       -21          1       -41                         248 



CALCULATED CONTRIBUTIONS TO GROUND STATE  B  
(EXAMPLES) 

 Mass spectroscopy and level structures with precise binding 
energy measurement is very important 

 Agreement between theory and limited experimental results 
is not consistently good (~15-20%) 

                                                       Contributions in keV 

               Jp(g.s.)                              S           SN           T             Sum   
7

He        1/2+         101           1            0          176         0             278 
7

Li           1/2+          78       419           0            94         -2            589 
9

Li           3/2+        183       350        -10         434        -6             952 
9

Be         1/2+             4           0           0          207         0             211 
11

Be        1/2+          99           2           0          540         0             641 
10

B            1-             35       125        -13         386       -15            518 
11

B          5/2+          66       203        -20         652       -43            858 
12

B            1-           103       108        -14         704       -29            869 
13

B          1/2+        130       197          -6         621       -57            885 
13

C          1/2+          28          -4            0         841        -1             864 
15

N          3/2+          59         40         12         630      -69            726 

16
N            1-             62         94           6         349      -45             412 

JLAB 



  IMPORTANCE OF RESOLUTION AND MASS CALIBRATION 
  EXAMPLE: 12C(+,K+)12

C MASS SPECTRA WITH MESON BEAM 

KEK336        2 MeV(FWHM) 

KEK E369       1.5 MeV(FWHM) 

High resolution, high yield, and systematic 

study is essential and is the key to unlock 

the “gate” 
 

Meson beam lacks absolute mass 

calibration (no solid neutron target) 

BNL 3 MeV(FWHM) 



ELECTRO-PRODUCTION USING CEBAF BEAM 

 High quality primary beam allows high precision 
mass spectroscopy on -hypernuclei 

 Producing  and 0 from proton simultaneously 
allows absolute mass calibration – precise binding 
energy 

 Mirror and neutron rich hypernuclei comparing those 
from (+,K+) reaction 

 Spectroscopy  dominated by high spin-stretched 
spin-flip states 

 Results are important in determining  , SN and V0 
terms from s states and S term from states with  
at higher orbits 



HALL C TECHNIQUE IN 6GEV PROGRAM 

  Zero degree e’ tagging 

  High e’ single rate 

  Low beam luminosity 

  High accidental rate 

  Low yield rate 

  A first important milestone for 

      hypernuclear physics with electro-  

      production 
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  New HKS spectrometer  large  

  Tilted Enge spectrometer  Reduce e’ 

      single rate by a factor of 10-5  

  High beam luminosity 

   Accidental rate improves 4 times 

   High yield rate 

   First possible study beyond p shell  



HALL C TECHNIQUE IN 6GEV PROGRAM 

  New HES spectrometer  larger  

  Same Tilt Method  

  High beam luminosity 

  Further improves accidental rate 

  Further improves resolution and  

      accuracy 

   High yield rate 

   First possible study for A > 50  
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 6GEV PROGRAM HIGHLIGHTS 

 

0 

Allowing precise calibration  

of mass scale 

p(e, e’K+) and 0 (CH2 target) 
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6GEV PROGRAM HIGHLIGHTS – CONT. 

(PHASE III EXPERIMENT E05-115) 
9

Li spectrum,  Hall C HKS E01-115 (2009) 

B = -8.530.18  

(emulsion, average over  

only 8 events) 
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6GEV PROGRAM HIGHLIGHTS – CONT. 
 (PHASE III EXP. E05-115 IN WHICH 52

V HAS NOT YET ANALYZED    )  
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6GEV PROGRAM TECHNIQUE SUMMARY 

 Hall A experiment (Pair of Septums + two HRS) 

 Advantage:  Almost no accidental background and be 

able to study elementary process at low Q2 at forward 

angle 

 Disadvantage:  Low yield rate and cannot study heavier 

hypernuclei 

 

 Hall C experiment (Common Splitter + HKS + HES/Enge) 

 Advantage:  High yield rate and high precision in binding 

energy measurement 

 Disadvantage:  High accidental background and solid 

targets only 

Future program:  Combination 



EXPERIMENTAL LAYOUT IF IN HALL C 

HKS - Kaons 

Enge - Pions 
HES - Electrons Hodoscope 

Lucite Č 

Drift Chamber 

64mg/cm2 

22mg/cm2 

K+ 

- 

Trigger I:  HKS(K) & Enge() for Decay Pion Spectroscopy Experiment 

Trigger II: HKS(K) & HES(e’) for Mass Spectroscopy Experiment 

Is there enough 

space between 

SHMS and HMS? 



Experimental Layout If in Hall A 

HRS - Electron 

HKS - Kaons HES - Pions 

64mg/cm2 
22mg/cm2 K+ 

- 

Trigger I:  HRS(K) & Enge() for Decay Pion Spectroscopy Experiment 

Trigger II: HRS(K) & HRS(e’) for Mass Spectroscopy Experiment 

Is there scheduling problem? 

Are there sufficient utilities? 



 High quality with low background 

 High precision on binding energy and high resolution 

 High yield rate which leads to wide range of physics:  

 Elementary production at forward angle 

 Detailed and precise level structure of light and medium 

heavy hypernuclei (shell models) 

 Precise shell structure of heavy hypernuclei (single particle 

nature and field theory) 

 High efficiency and productivity:  

  one exp.  4-5 6GeV experiments 

 New physics: Decay pion spectroscopy (Light Hypernuclei) 

 Precise ground state B  

 Determination of ground state Jp  

 Search for neutron rich limit (high Isospin states  )  

Technical Features of Future Program 



110 ~ 160 MeV/c 110.05 ~ 160.05 MeV/c 110.1 ~ 160.1 MeV/c 

110.15 ~ 160.15 MeV/c 110.2 ~ 160.2 MeV/c 

Possible observation 
4

H ground state 

Central Mom. : 133.5 MeV/c   →  BΛ(4
ΛH) : ~ －1.60 MeV 

Width : 97 keV/c FWHM 

Target straggling loss was not corrected 

Spec-C momentum calibration was not yet done 

MAMI-C Short Test Run on Decay Pion Spectroscopy  



SUMMARY 

 Hypernuclear Physics is an important part of 

nuclear physics 

 Program with CEBAF beam is the only one 

that provides precise B and features as 

  Precision mass spectroscopy program 

 Future program will be highly productive 


