E906 and Resonant Mode of Decay

w. D.E.Kahana and D.J Millener

o In E906 at the BNL-AGS, strong ev1dence
for the nuclide ,4H was found.

~ o The most striking components of this data
- was the appearance of a narrow low-momentum
7~ line at k, = 104 — 105 MeV /c, ascribed

~ to the decay into a resonant state in 3 He.

e The existence of such a sta._te’is shown to be
plausible and its characteristics delineated.
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Best Evidence for 4,2H

e Structure at 104-105 MeV /c narrow, unre-
ported. -

e Structure at 114-116 broad, two components |

Covrelated
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: Fx};. 8. A-A-binding energy AB44 versus discrete pion miomenta g.- (solid lines), which are expected

for the two-body =™ decays of the AA-hypemuclei produced after the compound state formation reac-
tion-?Be(K~,K*) — [l.:lvh".‘:l-l' lompoung +N. The vertical dasbed lines indicate the characteristic pion

- momenta known for the wug-body w— decays of light single- A hypessucici, with the aumbers being monochro-

matic ¢_- in MeV/c. In the figure av aino included the continuwm bt very sharp pions from the three-body

' decays ¢ ,$He and % He (A¢s 2 043 MeV/c and 1.7 MeV/e, respectively).
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a-A potential on the basis of 8 nonreluivisdc'qwt-cm @modsl. This would stisaulate
theoretical investigations about the deeper ocigin of the contral mpulsion. :

3.1.2 Decay spectrum

The energy spectrum of x* is shown in Fig. 12 for the Isle case together with the experimental
data by Gajewski er al. (1969). Again a good agreement is obtained between the theoretical
result and the data. In the Green's function calculation a smearing with AE=0.5 MeV was
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RepacTON HECHANISM

Likely scenario, consistent with observed species:
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aaH Decay Modes

AH = 4He+7xg (~112-118 MeV/c) (1)
“He — *H+p+x; (~85—-95MeV/c) (2)

and also, a decay into a possible excited state of }He,

4 Apy.e 4 o~ - rKRE
mH — jHe*+x; (~104-105MeV/c) (3) <+
AHe* — 3H+p (@)

SH — 3He+np (1143 MeV/c), - (5)

| where xgy and 7wy refer to the high and low momentum
members of a correlated pair seen in the experiment.
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Resonance Candidates and Weak Decay

T 3

o (s?p)[3]1/2 x sp - 3+ a xpr (1)
(s%p)[21]1/2 x sa (2)
(s%p)[21])3/2 X sy (3)

s, = S’ 5L S=1

AN
S ONLY 1“- Lz, Sz T=ze,,2

Matrix elements for the production of single-A hyper-
nuclear configurations in the 7~ weak decay of y1H are
given in the first row in units of s=. <l,\-|jli\.(k,{-7‘)|s,\>2 [4m
where u/(3 + ) = 0.284. The remaining rows specify
the breakup of the single-A hypernuclear configurations
under the assumptions described in the text. Combining
production and decay in this simple approach shows that
3H+p is favored over d + p + A by a factor of 11/3 to

Final state {He(1*) Eq.(1) ©Eq.(2) Eq.(3)

Production 1 p/(3+ p) 1 4
4He(1%) 1
SHe+A 1 |
3H+p L 1/9 8/9
d+p+A (%1 8/9 1/9

M= " /u,‘




Average (cluster) 3H-Proton Potential

. 4e(r—R)_/a

VSu f(r) =-W 1+ e R)/a)g (1)

with R the radius and a the diffusivity. A Coulomb po-

tential is included, taken as that of a uniform charge dis-
tribution with radius parameter R¢ = R.

Only the strength of V*/(r) is varied, to reproduce

the correct ground state separation energy 7.75 \Io\/

yielding a depth:

Vo = 28.09MeV, | - (2)

with radius parameter R = 2.07 fm, and diffusivity a =
0.5 fm.

A .. In this completely specified well, a p-wave resonance
~ appears at; - . _
€= (119 (1/2)1.00]MeV. (3)
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Decay Momentum

With the resonance energy calculated the AA
pairing energy A By, can be estimated from the
position of the narrow x~ peak ascribed to the
weak decay from 44H to {He*. The 7~ mo-
mentum k* is given by .
€r + k'z/'.ZM(}'\He') = M(,\H) - M(3He").
| | (1)
To a good approximation here,

k2 = (107.466 — 1.6391A) MeV/e,  (2)
where A = B* + 613 and ]"’el""‘ﬁ/m
B* = 2B\(3H) + ABja |
is the full binding energy of the A pair in 44 H.




ABM—Pa.iring Energy

Taking
ep = 1.18MeV, (1)
ABpp = 0.34M eV, (2)
puts the centroid of the décay momentum at
k* = 104.5MeV/c. (3)

Alternatively, eg = 0.97 MeV and the same
decay momentum results in ABj = 0.55 MeV.

Assuming 300 KeV uncertainty in k&* produces

range:
0.1"MeV < ABpp < 0.55MeV.  (4)

Interestingly, the two body decay of ,4H for
ABjp = 0.34 now appears at

k. =116.5MeV/c, (5)

Easily distinguishable in a future (better reso-
lution) experiment.




(1). We see that the existence of states above thresheld
in $H + proton system can straightforwardly desotibe the
narrow, low momentum, 7~ feature at 104 — 1056 MeV /c
observed in the BNL experiment ES06.

(2).The inferred energy of the resonance and energy range
possible for ABy,, the latter likely somewhat less than
0.5 MeV, are not unreasonable. Takahashi et al. found
ABjx = 1.010.38 MeV for 4§ He. One certainly expects
a smaller value for the more extended mass 4 system,
but the suggested values and their likely errors allow for
consistency. | | |

(3). For the meantime, it is also of importance to per-
form many-body caiculations with ¥ — A coupling, and
with forces constrained by as much data as is available,
including E906. The latter experiment has pointed to
the existence of two mteresting nuclides, both mass 4 ob-
jects, one a very light S = —2 hypernucleus, the other
an unusual, if net completely une:q;ected resonance in

an S = —1 deughter nucleus.

(4). B(S = -2) < 45 MeV B(H®) < 1.5 MeV. No
bound H*?




