                                       Study of Spin-Orbit Splitting in 13

L

C

                                                                                      Atsushi Sakaguchi (Osaka University) for

                                                                                                            the AGS/E929 Collaboration

Osaka University

S.Ajimura, H.Hayakawa, T.Kishimoto,

H.Kohri, K.Morikubo, E.Saji and

A.Sakaguchi

BNL

R.E.Chrien, M.May, P.Pile, A.Rusek

and R.Sutter

KEK

T.Fukuda, T.Nagae, J.Nakano,

H.Noumi, H.Outa and T.Tamagawa

University of Houston

E.V.Hungerford, B.W.Mayes,

L.S.Pinsky, K.J.Lan, T.Empl, M.Youn,

M.Ahmed, R.Barber and M.Muerleilier

RCNP, Osaka University

N.Kudomi, K.Kume, Y.Mizuno,

M.Nomachi and K.Tamura

Manitoba University

L.Lee

Tohoku University

K.Maeda, T.Suda  and H.Tamura

North Carolina A&T State University

R.Sawafta

Hampton University

L.Tang

SENDAI98 8-10 December 1997

Study of Spin-Orbit Interaction in Hypernuclei

Why spin-orbit interaction U

LS

 ?

                         Central part of
                                                                                                            L

                                                                                                                    -nucleus interaction is relatively well known, but spin

                                         dependent part.

                                                  z
                                                               systematic studies on levels of hypernuclei with (
p

+ ,K + ) reaction

                                                  z
                                                               we just can say

                         important input to models of structure of hypernuclei

                         information on

                                                                                                           spin dependence of elementary
L

-N interaction

                                                  z
                                                               spin-orbit potential U

LS

 is sensitive to relatively short-range part

                                                  z
                                                               contrasted with central potential U

C

 which is sensitive to long-

                                                               range part

                                                                                            ( ) ( )

                                                                          U U N

                                                                                    C C

                                                                                                 L »

2

3

small s-quark contribution to long-range

L -N interaction ?

                                                                                                 ( ) ( )

                                                                          U U N

                                                                                     LS LS

                                                                                                      L < < experimental information is still poor and
theoretical ambiguity is still large

SENDAI98 8-10 December 1997

Study of Spin-Orbit Interaction in Hypernuclei

Experimental Situation

                         sources of information on spin-orbit splitting

D
BE

LS

                                                  z

                                                              emulsion experiment

                                                                           systematic re-analysis recently

                                                  z

                                                              experiment with magnetic spectrometer

                                                                           many trials using existing data

                                                                                                    z

                                                                                                                (in-flight K - ,
p -
), (
p
+ , K + ), angular dependence

                                                  z

                                                              g
                                                                    -ray measurement

                                                                           some data but not so many data for spin-orbit

                         experimental results are not conclusive yet

                                                  z

                                                              small but finite spin-orbit splitting

D
BE

LS

 or consistent with zero

                                                  z

                                                              limited energy resolution and statistics

                                                  z

                                                              no dedicated experiment, need new dedicated experiments

SENDAI98 8-10 December 1997

                                                                              Basic Ideas of E929 Experiment

                                                                              Requirements and Solutions

                                                                                                       choose 13

L

C
z

smaller ambiguity in estimation of
D

BE

LS

                                                                                                       need good energy resolution and good statistics
z

measurement based on
g

-ray detection
z

not Ge but NaI(Tl) for good statistics

D

E
g

~ 700keV(FWHM) at E
g

= 10MeV
efficiency~0.1 with array of NaI(Tl)
z

g

-ray transition in 13

L

C has been measured with NaI(Tl)

(AGS/E781, PRL 78 (1997) 4343, 1/2 -
®
g.s. only)
z

large acceptance magnetic spectrometer
tag 13

L

C formation, roughly select 10 MeV excitation region

D

BE p shell Ex Ex

LS

( ) ( ) ( / )
- = -

- -

1 2 3 2

5/2+ (4.62)

3/2+ (4.60)

1/2- (10.56)

3/2- (10.00)

E1 (100%)

E2 (100%)

13

L

C

1/2+ (0.00)

12 C+ L  (11.69)

12 C
g.s.

+( p

L

)

1/2 or 3/2

12 C

2+

+( s

L

)

1/2

12 C
g.s.

+( s

L

)

1/2

SENDAI98 8-10 December 1997

Basic Ideas of E929 Experiment

                         systematic errors should be small to get clear conclusion

                                                  z

                                                              measure two
g
-ray transitions simultaneously

                                                  z

                                                              separate two
g
-ray transitions by using angular dependence of

                                                              (in-flight K - ,
p -
) reaction

                                                                           small angle (~3

°
): 1/2 -  dominant (

D
L=0)

                                                                           large angle (~13

°
): 3/2 -  dominant (

D
L=2)

                                                  z

                                                              sensitivity of

D
BE

LS

 down to 100keV

                         need good S/N ratio

                                                  z

                                                              strong background from K -  decay in-flight

                                                                           about 0.1% of beam decays into spectrometer acceptance

                                                  z

                                                              live target ( 13 C benzene scintillator) to tag decay of

                                                              hypernucleus

                                                                                L L

                                                                               13 13

                                                                                        C C p n X

g s

n m

                                                                                                 *

. .

. .
                                                                                                                      g

                                                                                                                   ®
®

+ +

SENDAI98 8-10 December 1997

Design of E929 Experiment

Beam

                         0.9 GeV/c K -  beam at BNL/AGS D6 beam line

                                                  z

                                                              10 5  K - /spill, K - /
p -

(beam) > 1

Spectrometer

                         48D48 spectrometer covers
q
lab

=2
°

~16
°

 at once

                                                  z

                                                              DW

                                                                                   ~ 8 msr (at 3
°

),
DW

~ 12 msr (at 13
°

)
g

      -ray Detector

                         two 6 q 6 arrays of NaI(Tl) detectors (2.5 ~ q 2.5 ~ q 12 ~ )

                         10 cm from beam

                                                  z

                                                              g

                                                                    -ray

                                                                                            energy resolution ~ 300 keV at 10 MeV

                                                  z

                                                              efficiency for 10 MeV
g

-ray ~ 0.1

                         g

                              -ray energy calibration

                                                  z

                                                              relative: LED calibration

                                                  z

                                                              absolute:  60 Co
b

-
g

 coincidence, 58 Ni (n,
g

)

Targ et

48D48

6

�~
6

NaI

Array

6

�~
6

NaI

Array

p -

K
-

 Beam

SENDAI98 8-10 December 1997

Design of E292 Experiment

Live Target

                         13 C benzene scintillator in 4 glass cells viewed with 8 PMT

                         glass cell size 60mm(W) q 25mm(T) q 15mm(H)

                         about 9 g/cm 2  in total

Other Detectors around Target

                         beam definition

                                                  z

                                                              beam defining counter

                         identification of (K - ,
p -
) reaction

                                                  z

                                                              Lucite cherenkov detector before target for K -  beam ID

                                                  z

                                                              aerogel cherenkov detector after target for
p -
 ID

                         additional decay tagging

                                                  z

                                                              decay particle counters above and below target

g
      -ray Yield

                         300 hours data taking (~3 weeks at AGS)

                         300

                                                 g
                                                      -rays for 1/2 -

®
g.s. and 120
g
-rays for 3/2 -

®
g.s.

                                                                               PMT PMT

Live Target

Light Guide Light Guide

SENDAI98 8-10 December 1997

Test Experiment and Schedule

Test Experiment in March 1997

                         0.9  GeV /c K -  beam at BNL/AGS D6 beam line

                         48D48 spectrometer

                         natural benzene scintillator in 5 glass cells as live target (8 g/cm 2 )

                         3 q 3 NaI(Tl) array at 10 cm from target

Test Issues

                         operation of D6 beam line at 0.9 GeV /c

                                                  z
                                                              usually operated at 1.8 GeV /c for (K - , K + )

                                                  z
                                                              10 5  K - /spill and K - /
p -

(beam)>1 as expected

                                                  z
                                                              beam profile 65mm(H) q 15mm(V)

                                                                           need further tuning to get smaller beam profile

                         operation of 48D48 spectrometer in (K - ,
p -

) mode

                                                  z
                                                              usually operated in (K - , K + ) mode

                                                  z
                                                              K -  beam and
p -

 have similar tracks in (K - ,
p -

) mode

                                                  z
                                                              < 100 trigger/spill (DAQ dead time is small)

                                                  z
                                                              no problem !

SENDAI98 8-10 December 1997

Test Experiment and Schedule

                         test of live target tagging

                                                  z

                                                               measure ADC spectra of live target

                                                  z

                                                               efficiency of non-mesonic decay tagging

                                                  z

                                                               inefficiency of in-flight K -  decay rejection

                                                  z

                                                               decay tagging worked nicely !

                         signal of  NaI ( Tl )

                                                  z

                                                               single rate a few kHz/module (E
g
>2MeV)

                                                  z

                                                               10 cm distance is OK and no need of PMT boost

                                                  z

                                                               large electric noise

                                                                           not serious, but need noise reduction and tuning of PMT gain

Beam Time Schedule

                         4 weeks data taking in June/July 1998