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Lifetime measurement of L’é and Lé

FreeL: (263.2 2.0)ps
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E The lifetimes of bothl_’é and L’é are shorter than that of the fred.!
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Hypertriton lifetime (ps)
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Lifetime ofL: (263.2 2.0)ps=2.63101°s,

LA p+p,n+p°
V(r)1

7

L nucleons

r Mp=938 MeV
Nuclear binding —m Mp= 139 MeV

Hypernucleus ML=1115MeV

ML - (Mp+ Mp)
Excess energy ” .

= 38 MeV
C 2 Nwebkly-liounde lighte hyper-nucleus, its lifetimeshould not be
much different from that of a freel.
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Why surprising?

A For the weakly bound system, the non-mesonic weak decay will be
suppressed by the pion propagator. Hence, one would expect that the
lifetime of | ( is more or less the same as the free L.

Non-mesonicweak decaye.g.. ( A p+2n,d+n

deuteron
L ( ‘ \ N ( P Mesonicdecay is dominant via
P — n L(Ap'+(Ap'+(,p'+d
nJ +p,p+2p+n,pP+d+n,p’+p

\ N _|_2n
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Pionic weak transition operator has been parametrized out:
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TABLE I Partial and total mesonic and nonmesonic decay rates and corresponding lhifetimes.

Channel I [sec 1] '/, 7=I"1 [sec]
‘He +7~ and *H + #° 0.146 % 101° 0.384 0.684 x10°°
d+p +7 andd+n+ 7' 0.235 x 10" 0.619 0425 X107
p+p+n+7m andp +n+n +7° 0.368 x10° 0.0097 0.271 xX10 '
All mesonic channels 0.385 x 100 1.01 0260 X 10 °
d+ n 0.67 X107 0.0018 0.15 X10°©
p+n+n 0.57 % 10° 0.015 0.18 X107’
All nonmesonic channels 0.64 x10° 0.017 0.16 X 10’
All channels 0391 x 10 1.03 256 %1010

Expt. [6]
Expt. (averaged) [11]

264 +0.92 —0.54 x 1010
244 4+ 026 —022 x10° 10




Thel weak decay ) Direct pion emission

p-
p- /“ ’
L# p |:> S VV/, u
L wu u p
d d

A Highly suppressed for np°!

PDG:
BR(LA pp’) =(63.9°0.5)%
BR(LA np® =(35.8°0.5)%

=»> A Direct pion emission CANNOT be dominant!



Thel weak decay

L—l/—p-IO —

II) Pole contribution via baryon internal conversion
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In the quark model the transition amplitude can be expressed as:
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Explicit calculation of the strong and weak transition matrix elements in the
guark model:

. P -Pp
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7 &
N, N | Ny
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P | ™
H, = f_E D5 drl T
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J

The nonrelativistic expansion gives

1 4o 40 4o S
H'}T - — _ T - P —_— (T - PT. - oo — T - . Iﬂ- = g-Tj
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GoldbergefTreimanrelation:
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The transition amplitude becomes:

M=VGA — pr™)

2 3
-y do do q Op .
f— 24‘1 1V : ] _ — , v
V_\/ M;(Mys + Ey) (1+Ejr N, +3‘uq) x 12 |q|exp[ 6 } (\/_) G cosfc sinfo

44 W - -
Inpr— C{ﬂ_—}n] n GAS +7— CI[E+ —p) . Cp, Bym gA (B; By ) M
MR — M3 M2—MZ 9B: By = 7

gl[;’"!.—?’pﬂ'_} = [

CB;B;n  indicates the SU(3) flavor symmetry breaking.

Explicit cancellation between the pole terms.

CB,; B, is determined by the fred. and S decaysand will be fixed.

Process gA Process

gA
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A=Yt —2/V6 ¥ = Y0 —4/(3v/2)
A= 27 —2/v6




All involve cancellations among the pole terms due to SU(3) flas\anm

DL A np°
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All involve cancellations among the pole terms due to SU(3) flas\anm
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TABLE I: Weak matrix element C'%_, 5 = (B|O"|A) for the

baryon conversions, with OV = 'rf :'1-2 }{1 — 01 - 02).

nOY A (plOV|ET) (n|OVEY)
~1/v/6 +1 1/v2

TABLE II: Axial-vector couplings for the pion emission.

Process gA Process .
p—nmw 5/3 Xt s AT —2/1/6
n— pw 5/3 ¥~ s Anm —2/V6

n—nr’  5/(3v2) ¥t = 3% 4/(3v2)
p— pm’ —5/(3v2) YT = YT’ —4/(3v2)
A—=Ytn= —2/V6 YT — X0 —4/(3v2)
A= X% —-2/V6




ap = 305.12 £ 0.75 MeV

T Cyne = 0.843 +0.001
The SU(3) flavor symmetry parameters
Crxr = 1.400£0.086 are strongly correlated indicating an

] intrinsic dynamic connection.
Cysnr = 1.128£0.002

The partial decay widths for A and »T plonic

weak decays in unit of 107° eV.

Channels SU(3) Fitting Experimental data
A — pr— 0.65 1.627 5735 1.60 £ 0.02

A — nr’ 0.35 0.91795] 0.895 £ 0.014
»t — pr® 57.32  5.647511 4.23 +0.03
>t = nat 31.22 234755 3.96 £ 0.03

N7 o T 3.87 3.38% 553 4.44 +0.03




Some general features:

1) ThelL andS hadronicweak decays involvaignificant cancelations
among the pole terms which is determined by the(3) flavor
symmetry

i) However, the cancellations are sensitive to the SU(3) flavor symmetry
breaking, which means a coherent study of the fteand S hadronic
weak decay is necessatry.

i) Information about the shortistance behavior of thevavefunctionis
also crucial, but only contributes to the overall factor.

The dominance of pole contributions in theand S hadronicweak
decaydhas important consequence for the lifetime of light hyjerclel.



Hadronic weak decay of | (

J=1/2
p
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A Pauli principle will forbid the intermediatgnn) to stay in the same state, which
will make these two pole terms different in hypenucleus decays.



Wavefunctiondor the light nuclei;- anti-symmetrized in thesospinspace

A = 05 3O (R p. )
1 : [ 8
1 PH) = ﬁ[@é’ﬂx’%‘ — 310 (R p, A)
]' | i
[*He) = E[Gg}[ek% - @éH ’;] (R, p,A)

The spin andsospinwavefunctionsare:

1
o = —(pn—np)A |
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\ I?) r.I'JEH = E(}L”T? —np)n ,
X7(S, = 5) = ﬁ(TH V1T) 1
< 2 - r;)%‘H — %(—Er?n—p + pnn + npn) |
; 1
NS =) = 7(?’TTJ, =11 1
: e = S5l =)y
1
g‘;%‘H = %( —2ppn + pnp + npp) .




Spacial wavefunction:

N _ R = ) myri/> .m; = 0
U(r;) = Nexp[—3 ., Bir?]

i

. _3 A3 -
1 N2 = 7 3A2(my + mo + mg) ™3

A = m3pBi6 + m3 3183 + m? 233

Wavefunction in momentum space:

U (p;) = / U (7;)0° (R)IL;[exp(—ip; - 75 )d>7;] (12)
(3, m;)*N . ZE'#;,:#;@ Bi(mjpx — mip;)?
- AS P~ 2A

with the normalization [ W¥(p;)263(P) [, @*pi = 1



Mean square radius:

3 m 2By, 4 m2 3, The r.m.s are from Juelich model and

{-rf) =5 x Nijmegen model, with which the HO
= parameters are fixed.
System |7 (fm) | rp(fm) |74 (fm) Bn(fm™=) | Bp(fm™2) | Ba (fm ™)
“He | 1.38 | 1.49 - 0.430 0.573 -
SH(I)| 1.60 | 1.60 | 1.65 0.469 0.469 0.220
AH (IT)| 2.32 | 2.32 | 2.84 0.296 0.296 | -0.023

A H. Polinder, J. Haidenbauer and U.-G. Meisner, Phys. Lett. B 653, 29 (2007)
A J. Haidenbauer, S. Petschauer, N. Kaiser, U.-G. Meisner, A. Nogga and W. Weise,

Nucl. Phys. A 915, 24 (2013)
A T A. Rijken, M. M. Nagels and Y. Yamamoto, Few Body Syst. 54, 801 (2013)



Transition matrix element for 7H — 3He + 7~

Py , T
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X A(Pp:q:pl.pe, py: Piipr,pa, pa)dpy dpy dpl dpy dps dps

(2mi)?
MgH — (My + Ms + M,) —
dp1 dpz dps
(2m)* (2m)% (2m)*

" 27i)? (3He H(.S) p.n. LT [p.n, BT H?(TS) vH
+ f‘PsHe(Pf:p’i..p'z~pé) (Zre)” (Hel Ao 1l o L‘;-z tg) Vg (Pi = 0:p1.p2, 3 + q)
— (My + M3+ My) — (QM o T EME)
dp} dph dpj
(2m)% (2m)3 (2m)3

HY|

(3)3
n.n,n|V|p.n.n|MHy, | H i
L )(Dpl ] ‘pg A 2> Vg (Pi = 0:p1. pa. pa)
(zM + o, T 2M )

M = /‘PEHE(PfZPLPzPS—Q)

xd(p1 + P2 + P3)

xd(p] +p5 +p5 — Py)




Partial width:

I'(iH— "He+77)(10"°eV)| (a) | (b) |Total
Julich model 3.25110.75] 2.18

ALIifetimeo in comparison with the exp

Ref. [3]| Ref. [2] Ref. [4] Ref. [5] Theory
217716 [1837535 £ 3718173, + 33|1557 25 4+ 29200 + 23

Sensitivity of the pole term cancellation mechanism to the nuclear model:

500 ——————
400F ==== Jillich 1  Other channels, e.g. L(A
—W 1 p+dtpp +2p+n,ped
FE: i +n, p°+p+2n, will further
& 200 Cm 1 contribute to the partial width
ol T~ | andfurther shorten the
: lifetime.

[-} [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4



Brief summary

A The presence of Pauli blocking plays a unique role in
light hypernucleusweak decays and can explain the

fastened lifetime of| .

A More realistic nucleamavefunctionsare needed for
guantitative calculations in the future.
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