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Introduction
Physical Goals:

• To understand YN and YY interactions
• To explore and understand nuclear structure using  as a probe

• Model the baryonic many body system
• Study the role of  in the nuclear medium 

• Shell Model with -N Effective Potential (pNs) 
for p-shell hypernuclei

   VN= V0(r)+V(r)sNs+V(r)LN s+VN(r)LN sN+VT(r)S12
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Hall C technique in 6GeV program
-common split magnet- 
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Hall C technique in 6GeV program
-common split magnet- 

  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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Hall C technique in 6GeV program
-common split magnet- 

K+

 e’
Phase II
E01-011

6



Hall C technique in 6GeV program
-common split magnet- 

K+

 e’
Phase II
E01-011

  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 
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Hall C technique in 6GeV program
-common split magnet- 

K+

 e’
Phase II
E01-011

  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 

preliminary
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Hall C technique in 6GeV program
-common split magnet-
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Hall C technique in 6GeV program
-common split magnet-
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  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  

Will be
presented 

by T. 
Gogami



Spectrometer System Calibration
-Forward Optical Tuning-
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HKS side

c1 c10
toward to beam
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Spectrometer System Calibration
-Forward Optical Tuning-
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HES side
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Spectrometer System Calibration
-Forward Optical Tuning-
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Spectrometer System Calibration
-Forward Optical Tuning-
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The real field map 
deviated significantly 
from that calculated   

by TOSCA model

To find a map that 
gives close expression 

of the real
magnetic field

Forward 
Optical 
Tuning
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Spectrometer System Calibration
-Forward Optical Tuning-
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Magnetic field study:
1. the 3-dimensional position off sets;
2. the field strength deviation from 

assumed setting;
3. the SPL fringe field range variation;
4. the position dependent asymmetry of the 

field map  (symmetry functions)

Each of the above sources was treated as an ingredient and combination 
of them was made according to the need in meeting all the three criteria.
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Spectrometer System Calibration
-Forward Optical Tuning-
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Spectrometer System Calibration
-Forward Optical Tuning-
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Spectrometer System Calibration
-Forward Optical Tuning-

 
 Cauchy Function
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Mathematical Spectrometer System 
Calibration

Purpose: achieve accurate mass spectroscopy with sub-MeV energy resolution
Technique: 2-arm coupled calibration  for both kinematics and optics

Using known masses of,   and  identified hypernuclear 
bound states  (12

ΛB) for the spectrometer calibration

 

 

 

 

unknown 
experimental 
defects

Kinematic calibration 

 

Optical calibration 
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Mathematical Spectrometer System Calibration
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Mathematical Spectrometer System Calibration

21

mass
 mean
(MeV)

Width(FWHM)
 (MeV)Λ -0.030±0.015 1.436±0.036

Σ0 76.940±0.028 1.281±0.070

mass
 mean
(MeV)

Width(FWHM)
 (MeV)Λ 0.014±0.033 1.998±0.085

Σ0 77.001±0.094 1.946±0.243

Separation = 76.970±0.031MeV

Separation = 76.987±0.100MeV
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Results and Discussion
-12ΛB-
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Results and Discussion
-12ΛB-

Separation (2-- 1- ):
E05-115: 181±20keV
E01-011: 176±20keV
Average : 179±20keV
Ratio (2-/ 1- )= 3.5

Fitting range: 1.35MeV

Fitted σ = 231keV  for E05-115
Fitted σ = 300keV  for E01-011



Results and Discussion
-12ΛB-
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Quoted uncertainties:  statistical
Systematic uncertainties for  measured Ex is 0.07MeV 
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Results and Discussion
-12ΛB-
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Structure 11B Ex (MeV)Ex (MeV)Peak
8.850.06#4 s4p6(sd) s 

11.750.04#7
10.23±0.05Extra #5 s4p6(sd) s 

s4p6(sd) s 

9.88

11.60

11B state

3/2+

5/2+

10.607/2+
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Conclusion
• The unique CEBAF beam has enabled high-precision 

spectroscopic investigations of  hypernuclei for studying 
the ΛN interaction.

• There is stronger evidence for sd-shell nuclei from  
spectroscopy of 12

ΛB
• The key technical improvement for possible future 

experiments in study spectroscopy of  hypernuclei will be 
the reduction of the accidental background.
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BACKUP
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Introduction
-Production of Λ  hypernuclei -
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K+  
  

Λ



Nuclear shell model
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Results and Discussion
-12ΛB-

Systematic uncertainties for  BΛ						E05-115:		± 120keV	;				E01-011:		± 160keVQuoted uncertainties:  statistical

Systematic uncertainties  for  cross section	:		± 12%  
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CEBAF Bird’s-eye photo

HallC

2005(E01-011) 2nd Experiment : 
7
He 12

B, 28
Al

  Newly-constructed HKS for K+ side
  Apply “Tilt Method” for eʼ side

2009(E05-115) 3rd Experiment:  
12

B , 7ΛHe,    10
ΛBe,  9

Li and 52
V

Beam Energy 1.8 2.344 GeV
Brand-new eʼ spectrometer, HES 

Calibration by the elementary process 

p(e,e’K+) or :  CH2 
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Hall C technique in 6GeV program
-common split magnet-

  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  

Beam
2.34 GeV

e’ 

K
+

e

Phase III
E05-115
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Spectrometer System Calibration
-Forward Optical Tuning-
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Magnetic field study:
1. the 3-dimensional position off sets;
2. the field strength deviation from 

assumed setting;
3. the SPL fringe field range variation;
4. the position dependent asymmetry of the 

field map  (asymmetry functions)

Each of the above sources was treated as an ingredient and 
combination of them was made according to the need in meeting all the 

three criteria.



Merits of the (e,eʼK+) experiment
 Large momentum transfer 
→ Excitation of deeply-bound state
 p to  reaction → Mirror and Neutron-rich hypernuclei
Spin-flip/non-flip production  
 High Energy Resolution due to CEBAF beamʼs quality

Introduction

CEBAF Bird’s-eye photo

HallC
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KID and coincidence
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Coincidence	time:		TC	=	THKS-THES

-1<Tc<1
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Results and Discussion
-12ΛB-

4th doublet separation: E(13
- - 23

-)   0.22 0.06(stat)  0.07(sys.) MeV
  Theory prediction:          E(13

- - 23
-) = 0.08

[keV]

0

2000

4319

3/2-

1/2-

4804 5/2-
3/2-

11C
11

-

1

23

4

12
C

21
-

12
-

0-

3-

23
-

13
-

[keV]

0
162

2833

6050

 Spectroscopy by KEK-
E566K. Hosomi et al. / Nuclear Physics A 914 (2013) 

184–188

1st 
Doublet

4th 
Doublet

22
-

[keV]

0

2125

4445

3/2-

1/2-

5020 5/2-

3/2-

11B
11

-

12
B

21
-

12
-

0-

22
-

3-

23
-

13
-

[keV]

0
0179

3109

6049 

Mass Spectroscopy by HKS

#1

#2

#3

Low cross 
sections

2958

6.266

2nd 
Doublet

38


