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Introduction

Physical Goals:
« To understand YN and YY interactions

 To explore and understand nuclear structure using A as a probe

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

« Shell Model with A-N Effective Potential (pyS,)
for p-shell hypernuclei

VaN= N'SA+@NA w

Radial Integrals
Coefficients of
operators
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Hall C technique in 6GeV program
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Hall C technique in 6GeV program
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¢ High beam luminosity
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* High yield rate
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% First possible study beyond p-shell
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Hall C technique in 6GeV program
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Hall C technique in 6GeV program

-common split magnet-

HES HKS

detectors H E

% New HES spectrometer — larger A
Same Tilt Method Beam

* High beam luminosity

*

D)

s Further improves accidental rate

% Further improves resolution and
accuracy

Will be

presented
% High yield rate

% First possible study for A > 50




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-
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Spectrometer System Calibration
-Forward Optical Tuning-

The real field map F(;’:t"i's;f' To find a map that
deviated significantly Tuning | 9'VeS close expression
from that calculated || > of the real

by TOSCA model magnetic field
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Spectrometer System Calibration

-Forward Optical Tuning-

Forward

ﬁ Matching levela

Magnetic field study:

1.
2.

3.
4,

the 3-dimensional position off sets;

the field strength deviation from
assumed setting;

the SPL fringe field range variation;

the position dependent asymmetry of the
field map (symmetry functions)

Focal plane pattern
Matchin
N level
|—y’ SSpattern | {———=) | SShole
Independentt
level
—> A & X mass ‘ Kinematical
spectroscopy parameters

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.




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-

~30"40 60 80 100
B,(MeV)

Py (GeV/c)

X' (rad)

i .
20040 60 80 100
B,(MeV)

mh
41457
2300, 1360
§ E 1188
3 2071103
201 10442209
L 0440500353
E 141640040
200 812
B 0.9906+ 0.1061
F 0007305+ 0.005408
P 000167 + 0.00040

F(x) = C(x) + pol3
1

Cx) =

mh
Erires AT
2160 Mean 7806
g RMS 1573
3140 1 Indf 183/183
w0 50784271
p! 76741008
120 2 16360113
p 1654£358
10 o 27840073
o 0044612 000078
g8 00001804 00000050
80
Ll
”I‘ i

v L L L L Ly

50 60 70 80 0 10 10
B, MeV)

yr[1 + (%)2] Cauchy Function

Particle

Mean(MeV)

FWHM(MeV)

A 0.450£0.0353

2.832£0.0980

» 76.740=0.0900

3.270£0.2260




Mathematical Spectrometer System
Calibration

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

8K 7 ’ 8 / ’ 7
Mpyyo + AMyy = f (Ebeamo + AEpeam » (Pkao + APko) <1 + m) Xtk Yiks (Perao + APeyg) (1 + 1(;0) » Xie! ’ytel>

4 N\ )
" AlE':beam ’ x]{’ M
unknown X\ _ X _ angle
experimental |:> Ao ();,) M v/ M= (Mmomentum)
defects AP, yf'
\_ L/ - J
Kinematic calibration Optical calibration

Using known masses of A, 2% and identified hypernuclear
bound states (12,B) for the spectrometer calibration



24|

Mathematical Spectrometer System Calibration

AEpeamo Beam Erzter%y
optimization Scan (x1, x3)

[ Kinematic
Ca]jiaﬁ"“ ) m‘;fm] xf = 0 (nf!* =m0, + g (mf'* =m0
L 3= wa (0)/< oa> wg (0L5) /< ax 2+ wys (0)5) /< 046 >?
literate
= \\ Nonlin.ea.r
g/ﬁcal I&T;?Ct;m least y*fitting
[ Cah%ration N x?*= Z Xt
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Mathematical Spectrometer System Calibration
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A -0.030+0.015  1.436+0.036
20 76.940+0.028 1.281+0.070

Separation = 76.970£0.031MeV

mean Width(FWHM)
mass (MeV) (MeV)

A 0.014+0.033  1.998+0.085
20 77.001+£0.094 1.946+0.243

Separation = 76.987+0.100MeV



Results and Discussion
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Results and Discussion
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Results and Discussion
12 B-
A

Quoted uncertainties: statistical
Systematic uncertainties for measured E, is 0.07MeV

Peak Main structure JZ BF B g g
(MeV) (MeV) (nb/sr) (nb/sr)
#1-1 TB(3/27;gs)®sym 17 0.00 0.00
#1-2 "B(3/27;gs)®s10 27  0.179+£0.013  0.12 Ll= o 0
113(1/2_,2125) ®81/2A 15 2.59
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Results and Discussion

_12AB_
25, 26, 30, 31, 34, 58, 59
9.1850£2.0 i 197} eV ya | 1,2,13,21,22 26 34, 61
9.2744+2 § 4 va | 1,2,13,21,22 34 61
876+8 110£15 a 513,28
'/\tr:!mr 3§> 165+ 25 ya | 2,513
1033411 i 110420 va | 2,513,223
59749 P 10020 va | 2,513,18,20,34
10.96+ 350 i 4500 u 5
11.265+17 g 110+20 « 513
1. 10320 a 5, 13
1589426 | 7O 170430 na | 3,513,18,20,34
11.886% & 200 20 na | 35131820
12.0+200 It ~1000 na | 51820
12.557x16 133 210420 ypa | 513,16 37
Peak E, (MeV) Structure 1B state 1B E, (MeV)
#4 8.85+0.06 s'p(sd)® s, 3/2+ 0.88
Extra#5 10.23%0.05 s‘pé(sd)® s, 712+ 10.60

#7 11.75+0.04 s*pS(sd)® s, 5/2* 11.60




Conclusion

- The unique CEBAF beam has enabled high-precision
spectroscopic investigations of hypernuclei for studying
the AN interaction.

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

- 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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Ntroauction

—Production of A hypernuclei -

Strangeness exchange reaction
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Nuclear shell model
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3.3 Nuclear states: nuclear spin, parity and excitation
energy

Nuclear spin I:
Nucleons (proton, neutron) are Fermions with s=1/2

Total angular momentum of the nucleon j=1+ s (vector su

Total angular momentum of the nucleus I
IT=3ji=2id;+s)
gg-nucleus I=0
uu-nucleus Iz0, but also I=0
ug-,gu-nuclei I half integer

Total angular momentum of the atom (, hyperfine structure™):
nuclear spin I + electronic shell J = atomic spin F

splitting of atomic J leads to 2I+1 (I<J) or 2J+1 (J<I) sublevels
Huye. = AIL-J  with Eue. = A/2 [F(F+1) - I(I+1) - J(J+1)]



Parity m (I7):

symmetry behavior of the wave function under reflection (in space)
T W(r) = W(-r) = = Y(r) if T, H TT,;"! = H with HY=EY

2-fold application = identity operation
therefore: eigenvalues for parity operation +1 or -1.

Parity is a multiplicative quantum number

Parity even (+1): with even orbital angular momentum
Parity odd (-1):  with odd orbital angular momentum

characterizing energy levels E, I,
E, IZZ
E1 I 1
0 5

AZX
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Results and Discussion

_12 B-
AB

Quoted uncertainties: statistical

Systematic uncertainties for B,

E05-115: + 120keV;

Systematic uncertainties for cross section: + 12%

E01-011: + 160keV

EO5—115: 0,x = 6.8°
E01—-011: 6, = 5.8°

By B By cross sectin | cross section
peak (E05-115) (E01-011) Average (E05-115) (E01-011)
(MeV) (MeV) (MeV) (nb/sr) (nb/sr)
411 | 11.5204+0.012. | 11517+ 0.014. | 11.523 0.013
#1-2 | 11.348+0.012 | 11.341 +£0.014 | 11.344+0.014 e =g
#2 | 84254+0.047 | 8.390£0.075 | 8.41540.040 19.14-3.7 3.0+ 11.3
#3 | 5.488+0.052 | 5.440+0.085 | 5.475+0.044 18.0 +4.6 26.0 + 8.8
#4 | 2.499+0.075 | 2.882+0.085 | 2.667 £ 0.056 162 4+5.1 P § 7 s el
#5 1.220 +=0.056 | 1.470 £ 0.091 1.289 + 0.048 I TET2 3154 74
#6 | 0.524+0.024 | 0.548+0.035 | 0.532 4 0.020 75.7+10.8 SET4154
#7 | —0.223 £0.039 | —0.318 £0.085 | —0.240 +0.035 | 39.0+7.4 46.3 +10.3
#8 | —1.047+£0.078 | —0.849 £0.101 | —0.973 £ 0.062 | 27.8 +7.9 285474




2005(E01-011) 2nd Experiment :
sHe 12,B, 28 Al

% Newly-constructed HKS for K+ side

% Apply “Tilt Method” for e’ side

2009(E05-115) 3rd Experiment:
2.B,7,He, 19,Be, %gLi and 52,V
“Beam Energy 1.8 #2.344 GeV
“Brand-new e’ spectrometer, HES

Calibration by the elementary process

p(e,e’KY)® or é: CH,

AX

CEBAF Bird’s-eye photo

- s
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Hall C technique in 6GeV program

-common split magnet-

Phase lll
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* New HES spectrometer — larger AQ
% Same Tilt Method

¢ High beam luminosity

¢ Further improves accidental rate

Further improves resolution and
accuracy
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Spectrometer System Calibration

-Forward Optical Tuning-

Forward

ﬁ Matching levela

Focal plane pattern
Matchin
Magnetic field study: N level
1. the 3-dimensional position off sets; I_V SSpattern | {———p)| SShole
2. the field strength deviation from Independents
assumed setting; e level _ :
3. the SPL fringe field range variation; ) 3 i Kinematical
4. the position dependent asymmetry of the SPECEOSCOpy parameters
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.
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Introduction

Merits of the (e,e’K+) experiment
© Large momentum transfer
— Excitation of deeply-bound state
© p to A reaction — Mirror and Neutron-rich hypernuclei
©Spin-flip/non-flip production
© High Energy Resolution due to CEBAF beam’s quality

CEBAF Bird’s-eye photo

@l
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KID and coincidence

Coincidence time: T; = Tyke-Thgs
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Results and Discussion
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4th doublet separation: AE(1; - 2;) ~ 0.22+ 0.06(stat) £+ 0.07(sys.) MeV
Theory prediction: AE(15 - 25) = 0.08



