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Hypernuclel: Unique Laboratory To Study Hyperon-

Nucleon Interaction
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HypernucleaSpectroscopy: Proldgyperonrnucleon(YN) effective
interaction inside medium

Understand the role of hyperons in neutron star interior
Much needed experimental data
I High resolutiorhypernucleaspectra beyond-phell

I Precise binding energy determination in a wide mass range
I Produce and study of exotic (highly neutron ribfpernuclei
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HKS Experimental Goals

JLabHKS experimentdigh precisiorhypernuclearspectroscopyoy
electroproductionfrom lower p-shell to mediumheavy massystems

i Electroproduction®Z +eA A,(Z-1) + *ed+ K

i Produce ,He,'?,B and?8,Al

0 ~400keV energy resolution achievable btilizing high precision electron beam

Study of high spin, unnatural parity states complementamadoonicreactions
High resolution spectroscopy beyondipelt- 28, Al

Possibly resolve spidoublet splitting

0 Neutronrich systems- 7, He



HKS Experimental Setup
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Spectrometer System Calibration

A precise spectrometer system calibration is a challenging task because of the unique
optical features of the HKS spectrometer system:

O Ontargetsplitter fieldc o u p | e e 0 T anly dne f&ed kiaematissetting
0 High accidental background in calibration data

Using known masses of, £° from CH2 target and identifidaypernucleabound
states for spectrometer calibration

HKS spectrometer system Kinematics coverage
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Spectrometer System Calibration Strategy
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Kinematics calibration: utilizing well known masses &f >° produced from CH2,

essentiato determine binding energy level a precision ~10ReV

Spectrometer optics calibration: directly minimeisquarew.r.t reconstruction

matrix M by an Nonlinear Least Square method

6" = w(m™ -m~™)?p = f(X,|M)

lteration

lteration procedure for spectrometer calibration

Kinematics calibratio

I

Optics calibration

Better signal to background rati

O

More accurate bound state mas

S
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Calculate new missing mass spectra based on new ¢




Kinematics Calibration

0 Correct kinematics determined by minimizingandX® width 2
ZCZHZ—Wid — 20—/% + 0-22
Using positiony? as a constraint:

ft  ~PDG fit PDG

Zsz_pos — 2(mA my AmA)Z + ('TE — My _Arn:)z

0 Searching minimung?byak i nemati cs scan on off set
central momentum.

Dependence of 2,4 and x?,,s on kinematics offseV,;,
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Systematic Error From Kinematics Calibration

1. uncertaintyof the kinematics point obtained by the calibration: O0.¥@X//c

& . =0006— 0, =0.102vevc

2. systematic errorsf hypernucleabound states binding energygethe shifts in
binding energy resulting from the kinematics uncertainty

Binding enerqgy errors vs. binding energy
X%pos -VS. Kinematics offset V,;, calculated under p(e , & ldnkmatics.
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Systematic Error from Optical Calibration
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The systematic errors from optical calibration procedure are estimated based on tl
blind analysis result from simulated data

The error depends on S/N ratio in missing mass spectrum

Binding energy error from optical calibration vs. S/N ratio in blind analysis
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Summary Of The Spectra

summary of the Finalized Spectroscopy

State B, (MeV) Bx (MeV)  Width o(MeV)  Sys Brror(Kin.) (keV) Sys. Error (Opt.) (keV) Stat. Error (keV)

A -0.001 0.752 +75 +3] 424

i Bg = -0.054 0.730 +55 422 +50

2, B(g.s.) -11.559 0.000 0.198 +97 450 +13
2B (1st CE) 28758 2.301 0.188 403 +50 +37
? B(2nd CE) -5239 6.320 0.241 +91 450 +67
2 B (p centroid) -0.359 11.200 0218 +00 450 420
# Al(gs) -17.820 0.000 0.179 +125 450 427

# Al (p centroid) -6.912 10.910 0202 +101 450 +33
# Al (d centroid) 1.360 19.180 0.246 +52 450 +42
" He (g.5.) 5727 0.000 0.193 +34 450 +41
® Li(gs.) -5.634 0.000 0.193* +34 450 +134
® Li(lstEx.) -4.348 1.296 0.192% +03 450 +147
*Li(20d Ex) -3.94 1.694 0.192% +93 450 +147
® Li(3rd Ex) 2670 2.964 0.277* +9] 450 £123

* The width of these peaks are effected by the statistics and background, but the binding energy values seemed stable within the statistical errors.



HKS Spectra: Energy Resolution And Binding

Energy Precision

Current HKS Hypernuclear Spectra Compared With Previous Measurements
In Terms of Energy Resolution And Binding Energy Precision
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p(H HY .& 9used for kinematics and optics calibration

HKS-JLAB
CH2 target

= 752 keV
M =-1keV
M =-54 keV

Counts (0.2MeV/bin)

/ Events from C  accidentals



