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Hypernuclear y-ray data (2012)
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lLi ground-state spin determined by the yield of y-rays
subsequent to weak decay
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Fig. 3. Scheme of y transitions and mesonic weak decays of jiLi. Ey (keV)

The ground state of LLi decays into ’Be or "Li through the 7~ ] ] ) ) . )
0 . i 7. i Fig. 2. y-ray spectra measured in the "Li(r+, K1) reaction (a) for the bound region (—10 < —B 4 < 2 MeV) and (b) for the unbound region
or m° mesonic weak dec ays. l'eSPE'CTlVe].}'. When A Li dCCBYS into (—Ba > 2 MeV) of Z‘Li. The insets show the spectra expanded around 400-500 keV. The two peaks at 429 and 478 keV observed in (a) are

the first excited states of ?BE or ?Ll ¥ -rays of 429 or 478 keV are attributed to the transitions from the first excited states of 7Be and 7Li, respectively. In (b). only the 478 keV peak was observed. The region

. . around these peaks were fitted with three Gaussians and a linear background.
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PI-MESONIC DECAY OF LIGHT A-HYPERNUCLEI

T. MOTOBA
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16 HI '“ L< n-l-géh—cl' T- Laboratory of Physics, Osaka Electro-Communication University, Neyagawa, Osaka 572, Japan
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North-Holland, Amsterdam

K. ITONAGA

Department of Applied Mathematics, Osaka University, Toyonaka, Osaka 560, Japan

"he w-mesonic decays of all p-shell A hypernuclei are studied using the shell model combined
with density-dependent Hartree-Fock wavefunctions. The pion distortion is taken into account by
using the optical potential. The summed decay rate of =° and =~ decays decreases with the mass
number A, while each decay rate (I ¢, I'_-) exhibits a non-trivial and characteristic variation with
A, reflecting the shell-structure effects. Among the w-mesonic decay partial rates some strong
transition strengths are seen in, for example, = decays of % Li and %Be and #° decay of 2C.
Large-asymmetric pion angular patterns are predicted in #~ decays from the polarized hypernuclei
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Division of Mathematical Physics, Fukui University, Fukui 910, Japan
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such as 8 Li(17), 8 Be(17) and %Be(}*).
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EVIDENCE FOR AN ENHANCED NUCLEAR MAGNETON IN NUCLEI

FROM §g, ANOMALIES;

A MODIFICATION OF THE NUCLEON’S PROPERTIES IN NUCLEI

Toshimitsu YAMAZAKI

Physik Department, Technische Universitiit Miinchen, D-8046 Garching, Fed. Rep. Germany
and Department of Physics, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan

The effective nuclear magneton in nuclei has been found to be (8 + 3)% larger than the free value from a careful analysis
of the proton-neutron asymmetric effect of the observed 8g; factors in the A = 208 region. This suggests a modification of the

nucleon’s properties in nuclei.
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é ANREARTFEAIFSAZEIZ/HELY

n A=0.42 MeV

=> AN spin-spin force
~ 1/10 of NN spin-isospin force

p3/2 n hole
3/2" _ p1/2 A .
A ! Ajimura et al., PRL 86 (2001) 4255
6176 keV L — (S,=-0.01 MeV)
312" M50 kev
N A 4
12— P3/2 A
16 13
O p1/2 n hole AC => AN spin-orbit force

~ 1/40 of NN spin-orbit force



Weak coupling assumption is OK?

Theoretical predictions without exotic effects

7 Li (3/2+->1/2%)
B(M1) [uy®]

method

0.322
0.309
0.352
0.364
0.326

>, He+p+n cluster model (Hiyama et al.)
shell model (Motoba et al.)

o+d+A cluster model (Motoba, old)
shell model (Gal, old)

shell model (Gal, old)

The variation gives a rough magnitude of nuclear effect.



Preliminary data on g,

B BNL E930 (M. Ukai)
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to be the same, T, ..., = (lifetime 230.7+6.3 ps)-!

weak —

=> Ty, =Br/(1-Br) I'yea ® g,(free) = -1.226 uy




Proposed B(M1) measurement

To avoid ambiguities, we use the best-known hypernucleus, 7,Li.

B Energies of all the bound states and y-ray background were measured.
B Cross sections are reliably calculated.
Bt =0.5ps, tg,,~2.7 ps for 1.5 GeV/c (K-,w) and Li,O target

~ 2.2 ps for 1.1 GeV/c

(Doppler Shift Attenuation Method works only when 1 <tg;)
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Expected yield and sensitivity

Original proposal

Original run plan wl  Simulated
Pk = 1.5 GeV/c o
at K1.84+SKS MlEa=LE ) ....... 1.0 ps BStat. error At/t=5.4%
500 hours | = Algagdl o
. % 800 |g —g |
270 KW (Ni) < ASe
5 Fitting result ” WSyst. error < 5%
20 | 0.478=+0.027 ps mainly from stopping time
T LT sy EStat. error At/lt=5.6%
Alg,-9cl
: Revised estimate Te 9. |
Revised run plan P 0.9 GeVie ASelp 1. | GeV/e
4 weeks (672 hours) ?1005— ;1"“:—
50 kW (Pt) =g N3
= 50 :_ =
{lzlllllllllllllllllll {}:|IIII|IIII|IIII|III
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Future possibility

M |f a large shift of B(M1) is observed,

pand T dependence should be studied from various
hypernuclei

B Meson-exchange current, Z-A mixing => T dependence

B Restration of chiral symmetry => pdependence

B t(M1) ~ ty,, (condition for DSAM) cannot be often satisfied.

Heavier hypernuclei -> smaller doublet spacing
-> longer 1(M1) ~ 1(weak decay)

Another method for longer t(M1) is necessary.



c E(B)-E(A) < 0.1 MeV
B(M1) measurement Y
) j .. B : Tpo Same order
by y-weak coincidence

T \,\ (0.1~0.3ns)
A \

n~, p (weak decay)

H. Tamura, NPA 754 (2005) 58c

Measure the time spectra of weak decay particles

in coincidence with B->A y ray and with C->B y ray
| /

. 12 C case
T R 900 hours, 9x10° K/spill
N L m 1 | atK1.1(50 GeV full beam)

: : : l : ; : :
L T S 1 S SRS S i1 WEIE L SR i
EII fflffftfflffflffflffflfffi:::l::I I \Imlﬂ”ﬂ SRR | TR CH PR SHapt ﬂ:.'::I::I::j:::l:::l:::l:ﬁ:l::
—-500 0) 500 1000 1500 2000 0 500 1000 1500 2000
decay time (ps)

-> m, 1

> m/1g =Iyq =< B(M1)



How to measure lifetimes
for hypernuclear y transitions
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Mass dependence of A binding energy 89Y (ﬂ:+,K+) 89AY
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v spectroscopy for E1(p,— S,)
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do/dQ (ub/sr)

H#IZEB LS splitting DIFRBEA
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How much does p, change?

= Shift of constituent quark mass in a nucleus
Amg 4 ~-20%, Amg/mg ~-4%

> Au(X) ~20%, Au(A) ~4%
AB(M1) for £~ +40%, AB(M1) for A~ +8%

m Quark Cluster Model Takeuchi et al., N.P. A481(1988) 639
5,u/,u ;4 He(1*) -1% ~ -2%, larger by  mixing
4+Li(1%) -40% ~ -100%

b=0.6fm->0.8fm, u becomes twice large.



Spin-flip M1 transitions

o B(M1) oc | (| |4 | 2 is sensitive to w.f.
=

=

t 7y

Spin-flip of s quark — small medium effect ?

>S=1 S=0
X EESNE XD
t7
s=12 V¥s X s=12 ¥s A

Spin-flip of u/d quarks — large medium effect ?



Measurement of I'(Z°->Ay) in a nucleus

¥ in nucleus = X hypernuclear bound states -> 4;He

Free 0 -> Ay 100%, Ey= 74 MeV
Tireessay =1/ 7.4x10°°sect ~ 9x10° MeV
Isnoan ~ 10 MeV for 4He

=>BR(Z->Ayin nucleus) ~ Ty ),/ Tsnan ~ 0.001

(K-,m) reaction at 600 MeV/c using K1.1BR
do/dQ (4sHe) ~ 100 ub/sr (Nagae et al.)

Yield: NK_-dc/dQ-AQ-BR-Ntarget-BR(A->n7t°)-a
= 5x10°/spill=100x10-30=0.02=0.001-0.12g/cm3/ 4=20cm=6x102% = 0.3=0.5
=> 56 counts/1000hour

Background: QF X% escape, 2% -> Ay (-Bs>0 only)
n’ ->yy from A->n n® (Ey ~50~100 MeV)
=> Tag 3 energetic (> 50 MeV) y rays
=> cover the target region with a calorimeter
A good high-energy y detector is necessary.

Theoretical calculation necessary — how large change is expected?
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FIG. 3. Contributions to the *He(K~, 7 ") spectrum near the
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of JT =07 inthe #= + X** + A final state.

Harada, PRL 81(1998) 5287



Expected 3y-tagged spectrum (fX—)

X0 > Ay Assuming that 3HeA, pdA, ppnA never

— nr° emit 3 energetic y's
—YY | | |
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ADAR=E-HIFBRRIIBATEDDIH, ?

u-quark distribution may be different Neutron B-decay takes place
between a free proton and a proton in a nucleus on nuclear surface

@ e ybar BR Py

y A—ny 1.8x102 162 MeV/c
p € VP& 83x104 <163 MeV/c

P p VP& 16x10¢ <131 MeV/c

*
*
*
*
“
*

9 2
(b|Va = Aal|B) = @(p) (Yo f1(d®) + Jaaffﬁ% K iff“%%ﬂ
uds 92(¢*) 93(¢°)

M CR R v YA S vy v )

How sensitive is it to form factors (in particular, f,(0), g,(0))?
Pauli effect should be accurately estimated.

12, C gs: 0.3mb/sr at 0.8 GeV/c (K-,x-), K1.1line:10°K-/4s, SKS: 0.1sr, 12C 10g/cm?
v/e/u detector eff 10%, Pauli x1/3, 1000 hours

= ny: 300, pev: <140, puv: <27 events

A good high-energy y detector is also useful here.
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