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COSY-GEM EXPERIMENT
Physical Review C 79, 012201(R) (2009)

e The COSY-GEM collaboration searched for n-mesic nucleus by means of a
recoil-free transfer reaction p(**Al* He)mp'X.

e The multi-step reaction is

p+ Al — 5+ BMg +°He
———
!
Mg,
1
L %Mo 24 -
n+ Mg — (n+n)+“Mg— (7~ +p)+X

e The kinematics was so chosen that the n produced in the intermediate state
is nearly at rest, favoring its capture by the residual nucleus *Mg.

e Because of energy conservation, the bound » cannot reappear as an observable
particle in the decay products of the mesic nucleus 25Mg,‘. Instead, it interacts,
for example, with a target neutron resulting in the emission of a nearly “back-
to-back”™ 7~ p pair in the laboratory.
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The solid line is a fit to the spectrum with the sum of a background term
and a Gaussian

|fol? + 1 fl®
The fit gives

e BE =(-13.13 £ 1.64) MeV
e FWHM = (10.22 £ 2.98) MeV



Questions:

1. Are the published values of /N scattering length consistent with the data?

Different models (fitting =N elastic scattering data and #N— N
cross sections) predict different values of a,x:

0.27 < Re(a,y) < 1.05, 0.19 < Tm(a,,) < 0.37
(A reason for this large range: unavailability of data on nN elastic scattering.)
2. Can the data be explained within the context of our model?

3. Is there any other process that could have contributed to the observed data?

4. In our previous calculations, we neglected the N*(1535)-nucleus interaction.
Can the observed spectrum provide information about the nature of N*(1535)-
nucleus?



THEORETICAL PREDICTIONS

To obtain the binding energy and half-width of n-mesic nucleus, we solve the rela-
tivistic three-dimensional (covariant) integral equation:

2
;—#ﬁr(k') + /dk <K' |V |k =¥k = E¥k)

First-order low energy n-nucleus optical potential using “on-shell” scattering length
as the input is

, B M, ,
<k |V|k>_—m(l+m)aq~f(k—k)

e k and k": initial and final momenta of 5 in the n-nucleus c.m. frame
e f(k —Kk'): nuclear form factor

o F=¢—1I/2, (¢ <0)

e i reduced mass of the p-nucleus system

e Only input is the N scattering length a,y

e Gives a general idea of the magnitude of ¢, relative to the magnitude of I, /2



Table 1: Binding energy and half-width (both in MeV) of Mg, given by the scattering-length
approach for two published values of the scattering length a,»n. Form factor used is the 2-parameter
Fermi function. The last entry is the fitted value of a, .

Orbital (nf) ayy (fm) (eg — iTy/2) (MeV)

1s 0.27 + 0.22i —(10.0 + 18.3))
1s 0.43+0.3% (a)  —(24.9 + 38.2i)
1s 0.292 + 0.077i (b) —(13.2+ 5.114)

(a) B. Krusche, Procs. 2nd TAPS Workshop (World Scientific, 1994)
(b) Scattering length that reproduces the COSY-GEM Data

The imaginary part of the fitted value of the scattering length is substantially
smaller than the theoretical value.

The need to understand the difference between scattering length (particularly the
imaginary part) given by different theories and the one obtained from fitting ex-
perimental data is one of the motivations of the present work.



Microscopic (off-shell) Optical Potential
Physical Review C 66, 045208 (2002)

The momentum-space matrix elements of the p-nucleus optical potential is
e <K' |V ]k >=< f;'|t,,,v(‘fV)|i€ > f(k—k)
e < and £": initial and final N relative momenta

o W =M, + My + (By): total energy of the #N system in its center-of mass
frame and (By < 0) is the average binding energy of the nucleon

1. t,n is the operator for the scattering of 5 from a nucleon and is calculated
using the coupled-channel isobar model of Bhalerao and Liu (Physical Review
Letter 54, 865 (1985)).

2. WHY? The detailed energy dependence of the model is at our disposal and it
reproduces the 7N S;; phase shifts in the energy region where n can be bound
in a nucleus.

3. It contains strong-interaction form factors and satisfies off-shell unitarity:



< Rltyn(W)R >= KX ul®, A) Av(7, Ar)
l

K is a kinematic factor, v and A are off-shell form factors and range, A is the
energy-dependent amplitude given by

__9
A= Swoom

DW) =W —{ M°+ Vyo(W) + Re[S(W)] + i Im[S7(W) + (W) }

Ve (W) = W — M° + Re[SI™(W)] — Re[D(W)]

is the real part of the N*-nucleus interaction, M" is the bare mass of the resonance
and g is the nNN* coupling constant.

Self Energies:

vfree(W): N* self-energy arising from its decay to the yN, =N, and 7z N channels
in free space.

Y952 (W): N* self-energy arising from absorption or annihilation of the pions coming
from N* — 7N and 77N decays, with £™¢4 = X/me¢ (W) + Xebs(W).

Unitarity requirement of an optical potential is that Zm[X%*] and ITm[S/™¢(W)]
should have the same sign.



Results

e For (By) = 0, we get ¢, = —10.1 MeV and I';;/2 = 16.2 MeV. These values
are close to the result given by the calculation with a,y as the input.

e For (By) = —30 MeV, we get ¢, = —7.1 MeV and I',,/2 = 7.8 MeV.

e To reproduce the COSY-GEM values of ¢, = —13 MeV and I', /2 = 5 MeV
requires that the amplitude A = —(0.0521+0.0099 i) fm® and W = 1125 MeV.
This implies (By) = —360 MeV, which is unrealistic.

(The above values were obtained with Vy. = 0.)
Neither the scattering length calculation, nor the microscopic optical

potential can reproduce the binding energy and half-width of Mg ob-
tained from the COSY-GEM spectrum.



Is it possible that 5 got captured in the excited state of *Mg?

The experimental spectrum as a function of the binding energy E is deduced from
measurements of the missing mass (AM). Energy conservation and recoil free kine-
matics give

AM=E,+ My, — By = My + E, + M, + E

E,: Proton beam energy.

E;: Total energy of *He

E < 0: Binding energy of 7.

E_ > 0: Excitation energy of Mg.

With known values of the masses, we find that the experimental centroid of the
spectrum at AM = 23.803 GeV gives

E=—-(134+E,) (MeV)

From this equation, it is obvious that the data suggest E, = 0.



This leads us to infer that there is another process that contributes to the observed
spectrum. It is

p+ 7Al— n+ EMg+°*He
———
'_l/‘)\_\ 2
n+%Mg— (n+n)+*Mg — (7~ +p)+X ,

i.e., n produced in the intermediate state is scattered by the residual nucleus and
emerge as a pion, without forming an n-mesic nucleus.

e We fit the experimental spectrum using two amplitudes: fq for the scattering
and f,, for mesic nucleus formation:

r,/2
E — (e — il,/2)

al|fs + fM|2 =a\e? +

e o adjusts the overall magnitude

e \ and #: relative strength and phase between the two processess
Note: There will be interference effect

e The energy dependence of fs is neglected because the dependence is much
smoother than fy,
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Fits to the experimental spectrum by allowing a, A, and ¢ to vary while fixing the values of €, and
[yf2. (a) € = il'y/2 = —(8.0 + 9.6i) MeV (dashed curve), (b) —=(10.0 + 14.17) MeV (solid curve),
(¢) =(7.1+ 7.8i) MeV (dotted curve).

Few remarks:

e Fit (c) is obtained with €, = —7.1 MeV and I';/2 = 7.8 MeV (from our earlier published
work), but with interference effect between fg and far included. As can be seen, interference
shifted the observed peak from —7.1 MeV to ~9.0 MeV.

o Fits (a) and (b) are obtained with V. < 0. We can see that the final positions of the peak of
|fs + ful® are approximately at —11 MeV [Fit (a)] and —13 MeV [Fit (b)]. They are much
closer, and in the case of fit (b) is equal to the experimental centroid.



Table 2: Fitted values of the parameters.

Fit] € |T,/2] a | A | 8 | W [(By)]| Var
(a) | -8.0 | 9.6 |1.91|1.14|0.79 | 1458 | -30 | -15

1438 | -50 | -40
{(b) || -10.0 | 14.1 [2.54 [ 1.17 | 1.06 | 1458 | -30 | -42
1438 | -50 | -67

(¢) | -7.1 | 7.8 [1.83[1.75|0.62| 1458 | -30 | O

(a is in counts/MeV. A is dimensionless, # is in radians, all others are in MeV.)



CONCLUSIONS

. Two reaction processes are contributing to the observed spectrum.

. The actual binding of n in Mg is weaker than suggested by the centroid of
the observed spectrum.

. Our analysis gives 8 < |¢,| < 10 MeV and 10 < T, /2 < 14 MeV.
. The effect of interference is important.

. Real part of the interaction between N* and medium-mass nuclei is attractive.



Future Work:

fe =< E’lV(E)lf >

< P\V(E)e¢ >< ¥V(E)E >
E — (e —1l'/2)

fu=












COUPLED-CHANNEL MODEL

OF BHALERAO AND LIU
(Phys. Rev. Lett 54, 865 (1985))

Features of the Model;

¢ The model was developed in 1985 10 study smultancously =N daste soatter.
ing, *N—+ xaN and =N+ gN roactioss

o It comtains strong-interaction form factors and satisfies off shell watanty.
¢ The basic interactions of the model are






The first three figures represent the matrix elements of the coupled-channel model:

1. @ — denotes isospin-% wN resonance.

2. For cm. energy 1470 < /s < 1600 MeV, only one such resonance has to be
considered for each meson-nucleon partial-wave amplitude:

e N*(1535) for the s-wave (Sy)
e N*(1440) for the p-wave (Py;)
e N*(1520) for the d-wave (Dy3)

3. NN channel is not included in the model because /s is far from the nucleon
mass

Also g,y 15 negligibly small.
(Grein and Kroll, Nucl. Phys. A338, 332 (1980))

The remaining three figures represent the self-energies, £ (complex), of the reso-
nance a due to coupling to the 77N, 7N and N channels.

e Sum of the real parts of ¥ — resonance energy M, (energy-dependent)

e Sum of the imaginary parts of ¥ — resonance half-width [, (energy-dependent)



The radial part of the nN scattering amplitude:

2 |
g .U a( A Na )V Q( A Na
<V | T (V3) | p > Taneleell Do)l B: L)

D = V3 - Mg - My(v) - T2V

~

® g .. coupling constant
e A .0 range parameter
e Mp: bare mass of the resonance

® Uy o A2y /(A2y, +¢?) is the vertex function

Parameters of the model:
e Coupling constant g,
e Range A,
e Bare mass M,

They were determined by fitting the 7N P33 phase shifts data of Arndt (CERN)

Deduced s—wave scattering lengths:

a, = (0.27 4 0.22¢) fm (Arndt et al.) and = (0.28 4 0.19¢) (CERN data)

o



ETA-MESIC NUCLEUS

Relativistic three-dimensional (covariant) integral equation:

2

k : | (1
—U(K)+ [dk <K |V | k> v(k) = Ev(K)
21

e < k' | V| k >= momentum-space matrix elements of the np-nucleus optical
potential

e k and K’: initial and final momenta of 7 in the np-nucleus c.m. frame

e 2 reduced mass of the -nucleus system

e F=¢,+il,/2, €, < 0: binding energy, [';, < 0: width

Solved the integral equation by using “inverse-iteration method” of Tabakin



Microscopic Potential:

First-order n-nucleus optical potential after using the covariant reduction scheme

of Lin et al. (Phys. Rev. C10, 398 (1974))

<kl|‘;

k=% [dQ < K.~ (K +Q) | t(y/(s;)yv-pn | k. ~(k +Q) >
j
x ¢5(—k'— Q)o;(-k - Q)
e ¢;: nuclear wave function corresponding to having nucleon j at momentum

—(k+ Q) and —(k'+ Q) - derived from the experimental charge form factors
with the proton finite size corrected for

e /5;: the N invariant mass in the c.m. frame of » and nucleon j

2 N N 2
sj= |My+ My— | €| Q ( 4, + IA)]

C2Mg; \ M, + My

— Mg, 1s the mass of the core nucleus obtained from removing a nucleon j
of momentum —(k 4 (Q) and binding energy | ¢; | from the target nucleus



e The calculation of V involves full off-shell kinematics and integration over the
Fermi motion variable )

e Used the off-shell #N model of Balerao and Liu to obtain t,y

e All kinematic quantities are calculated from k', k, and () using well estab-
lished Lorentz transformations

e For near threshold nN interaction, only the I = 0 (Sy), | = 1 (FPy), and
I = 2 (Dy3) isobars need to be considered

e After including s—, p—, and d—wave yN interactions, n-nucleus interaction
remains attractive at low energies



TABLE II. Binding energies and half-widths (both i MeV) of
p-mesic nuclel given by the full off-shell calculation. The solutions
were obtained with the »N interaction parameters determined from
the =N phase shifts of Amdt er al. (Ref [38]). No bound state
solutions of Eq. (1) were found for 4A<12.

Nucleus Orbital (n{) eyt il 2
s o 15 ~(1.1943.67)
0 15 ~(345+5.38))
Mg 13 ~(6.39+ 6.60/)
“Ca 13 ~(8.91+6.80/)
"7¢ 1s ~(14.80+8.87)

1p —(4.75+6.701)
08py 13 ~(18.46+10.111)

2s ~(237+5.82)

1p ~(12.28+9.281)

1d ~(3.99+6.90/)




Observations:

e 7 can be bound into a nuclear orbital with mass number A > 10.

e The interaction is not strong enough to have a bound state in lighter nuclei

e There is a reduction in the strength of the 7-nucleus interaction at subthreshold
energies

e The number of nuclear orbital in which the 7 is bound increases with increas-
ing mass number A

e Calculations do not include the effects of Pauli blocking of the nucleon on the
self-energies 3¢

e Estimate of the blocking using local density approximation shows a 5% reduc-
tion in the widths (Phys. Lett. 172B, 257 (1986))



Condition for at least one s-wave bound state

For an equivalent square-well (complex) potential of depth V4 and range
R = rqAY 3, the condition for the nucleus to have one s—wave bound state 1s
(Quantum Mechanics by Schiff or Gasiorowicz)

2 2
Ty < T
Su Su

In terms of the scattering length the condition is

X <Ria,) < 9X, X=

=R M,y
(+32)
124 My
The potential is given by

, 34a M\ (M, + My
V, = —197.3 ””) (1 ") L
0 ( ot )\ V) \ g,

Used a,, = (0.28 4 0.1%)

The widths of the -mesic nuclei are compatible with the imaginary part of 1



Nucleus VvV, (MeV) 9X (£fm) X (fm)
“Li -(5,5 + 3.74) 2.5 0.26
™ -(8.9 + 6.01i) L8 0.14
s’ -(17 + 12i) 1.0 0.11
ca -(20 + 14i) 0.53 0.06
War -(24 + 16i) 0.29 0.03
“**pb -(29 + 20i) 0.15 0.02




 The dependence of Wl scattering length g, on the coupling constant g,

and the binding energy B and hali-width r/2 of lgp as functions of g.
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Binding Energy and the Coupling Constant:

e Value of g, determined by Bhalerao and Liu is 0.77, corresponding to
a,y = (0.28 4+ 0.19¢ fm)

e Binding energy is very sensitive to the coupling constant Goe Of the nN 1n-
teraction

e The width of 150,7 increases rapidly with g ..., but binding energy does not
e Binding energy first increases, then decreases for g, ., > 0.94
e For Gorne = 1.0, bound-state ceases to exist

e Real part of a,,, and hence, the 7-nucleus interaction decreases for g, .., > 0.85
and becomes repulsive at large g, ...



e This is because N scattering amplitude has a nonlinear dependence on the
coupling constant

— The nonlinearity arises because g;iw, appears both in the numerator and
denominator (through the self-energies ¥) in the expression of the ampli-
tude

— The physics that governs this nonlinear behavior is as follows: although
the yN scattering via the formation of of N* is proportional to g;")‘w,, the
mstability of N* arising from its decay to the nN channel also increases
with gfw,. This reflects the competition between the formation and decay

of a resonance



Factorization Approximation (FA)

e The yN scattering amplitude in the expression for V' is taken out of the inte-
gration and evaluated at fixed momentum < @ > and the interaction is given
by an energy /3.

A-1

<Q>=—(W) (K — k)

— This corresponds to a motionless target nucleon fixed before and after the
nN interaction

— It preserves the symmetry of the ¢ matrix with respect to interchange of

k and k'

e Guided by the expression for NG assumed /3 = M,+My-A

A: energy shift parameter ( a downward shift of 30 MeV is used to fit 7N
scattering data)

With the above approximations

<K | Vs |k =< K, —(K4 < Q =) | t(VE) vy | k,—(k+ < Q =) > f(K'—k)

f 1s the nuclear form factor normalized to the mass number A



A Orbital A=0 2 =10 A =20 A =80 D=3 =10

e 1s -(2W+100  —-(225-T31) -(280+5.76)  ~(143X 458 —(L.2d+d1k) —(1.10+3.70:) ]
180 1¢  =(5.22+1250i)) —{444+88li) —(3TB+601i) —(3.23+562) —(2064+5.11) —{2.75+466i) |
g 1s —(20.25+15.33i) ~(8.89—1L11i) ~(TEO+5.83) =(T.06+742) —(665+68%) =(6.33+6.31i) |
g 15 ~(1845+16.00) =(11.95+1185i) =(10.80+9.641) —(9.83+8.11) —(0.36+7.50) =(5.99+6.097i)
Wzr  1s —(2084+18.08) =(1871+13.66i) ~=(17.07+1128) —(15.00+062) —(15.30=8.97) =(14.51—8.35

lp  —(815+1540i) —(T05=-11.36i) —(6.00+920i) ~(5.27+7.71) ~=(467T+T7.12) —(455+6.60)
208pp 15 —(25.74+2045) —(23.40+15.40i) ~—(20.69+12.73) =(20.29+10901) —(19.81 +120.28) —(19.06—9.53i) |
25 —(455+11060) —(3.44+836) —(265+6.670) —(2.00=580) —{l6O+537) —(1.45+4980) |
lp —(18.59+19.88) =(1746+15.01i) =(1587+1241i) —(14.56+1060)) —(13.92+9.88i) =(13.41+9.24i)
1d  —(8.46+-14.56i) —(6.92-10.96i) —(5.80+9.08f) ~(487+7T70])  =[442+T7.06i) —{4d.07 +6.6%) |

Values of binding energies and half-widths (both in Me\') in factorization appro.gimmon calewlations.
— o ——— ———
A Qrbital Aw( 2 = 10 A w20 A =30 A=35 A=40

e 15 — (65212801, —(568=016i, ~(490+ 1.26) =(429+596i) —(3.98+54di) —(3.75+5.00)

Hyfg  le —(0.26+1400i —(S09+10.75) ~(T15+880:) =(637+T.08) —(599-6.355 —(5.69+6.041)

%8 1s  —(10.84+15.70) —(9.33+11.40i) ~{S40+0.18) =(TE2+7.65) —(7.20+7.05) —(6.87+6.52)

g 1y =(1104= 16130 =(10.30=11.800) =(S4T=05)) =(353=TET() =(B.11=735) =(7.73+6.510)

| 467 1a (15404171200 ~(13.732 12686 —(12.46+10.34) ~(11.40+8.73i) —(10.80+8.00) —(10.48 +7.53i)

SIce 18 —(16.42+ 1699 -(14.65=1268)) —(13.33+10.35) -(12.24+8.77) —(11.71+815i) —(11.28 + 7.50i)

Ip —(210=15.00{ —(L40+1054) —{075+82l) —(0.19 +6.62) - -

565, s —(16.73+16.810) —(1494 ~12.53)) —(13.60+ 10.28:) =(1251+8.72) —{11.98 +8.11) —(11.35+ 7.56i)

: lp —(268+13000) —(200=1053i) ~(1.34 <825 —(0.76+669%) —(047T+6.07) —(0.26+5530)

BN 18 —(IT.04+ 1688 =(15.23+412.50i —(13.88=10.3d) —{1277+3.78) —(12.24+8.160) ={11.80+7.61i)
: lp —(317+1482i) —(24341047i) =(1.73+824i) =(L13-671 —(0.83=-6.10) —(0.61+558) |
| W20 15 (18571784 —(16.62+1208) ~(1520+10.60) —(1403+0.10i) =(1346-8.47) —(13.01+7.9Gi) |

| lp —(5.02+15.29i)  —(4.20=10.9di) —(342=871) —{275=+T.1&) —{241+-6.5%) (215 +6.05i)

’
Values of the binding energies snd half-widths (both in Me\') given by the factorization approximation
method. A dash indicates when no bound states were found.



e Interaction parameters are same as those used for the off-shell calculations

e The FA results with A = 30 MeV are very close to the off-shell results

e A 30 MeV downward shift of the hadron-nucleon interaction is consistent with
the one found in 7N elastic scattering

e This indicates 5 bound-state formation takes place at energies 30 MeV below
the free-space threshold
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On-Shell Optical Potential:

First-order low energy n-nucleus “on-shell” optical potential

1 M
Vv = — n ) . F
<KV ko= o (1 + 37 e 0 =K

e It corresponds to Vg4 with no energy shift (A = 0)

e Gives an upper limit to the value of ¢,

e Ouly input is the N scattering length

® a ., is not directly measurable ; its value model dependent

e Different models (fitting 7N elastic scattering data and 71N— nN
cross sections) predict different values of a,

o 027 < R(a,,) < 1.05, 0.19 < I(a,,) < 0.37

e A reason for this large range: unavailability of data on nN elastic scattering



TABLE | npaoucleon s-wave scattening lengths a

a v (fm) Formalism or reachon Reference
0270+ 02204 Isobar model Bhalerao and Lau [2)
0.280+ 0.190« Isobar model Bhalerao and Liu [2)
0281+0360s Photoproduction of » Krusche [23)
043040394 Krusche [23)
0.57940.399¢ Krusche [23)
0476+0279 Electroproduction of 5 Tiator er al [22)
0.500+0.330¢ pd—"He ey Wilkkm [24)
0.510+0.210¢ Isobar model Savermann o ol [14)
0.550+ 0.300¢ Savermann o al [14)
0620+0300s Coupled I matrices  Abaev and Nefkens [16)
0680+0240/; Effective Lagrangan Kaser ar al [17)
075040270 Coupled X matnces  Green and Wycech [12]
087040270 Coupled X matnces  Green and Wycech [13]
1.050+0.270¢ Green and Wycech [13)
0404+0343f  Coupled I matnces Batimc o ol [18)
087640274 Batimé and Svare [19)
0.886+ 02744 Batini¢ and Svarc [19)
0968+ 0281/ Batimuc ef ol [20)
0980+0370f Coupled I matnces Anma e al [21)




TABLE V. Binding energies and half-wadths (both 1 MeV) of
n-mesic nucle:r given by the scattermng-length approach for two &f-
ferent values of the scattening length a . A blank entry mndacates
the absence of bound state. No bound state exists in “He.

Ortatal
Nucleus (n€) auy=(0.28+0.19/) fm @ y=(0.51+021/) fm
‘He* 15 ~(6.30+11.47)
a 1s —(347+6.79)
Be 15 ~(13.78+ 12450
g 1s ~(0.93+8.70) ~(15.85+13.050)
B 1s —(2.71+10.917) —(20.78+15.42)
e 1s ~(291410.22) ~(19.61+414.20)
%0 1s ~(5.42411.43) ~(23264 14 86/)
1p ~(095+7.72)
Mg s —(11.24+14.76) —(33.11+17.730)
1p ~(134141233)
“Ca 1s ~(15.46+ 16.66¢) ~(3885+19.161)
25 —(5.59+6.141)
1p ~(1.22410.585) —(228441432)
1d ~(4284952)
%Zr  1s ~(22.41+19.97) ~ (48 40+ 22.600)
25 —(26.07+10.07)
1p ~(10.18414.33) ~(315341593)
2p ~(1851485M)
pp 15 ~(24.55+19.57) ~(5027+2142%)
2s ~(10.56+13.32) —(22.27411.500)
1p ~(20.19+ 19.05¢) ~(34.03+10.03)
2p ~(1.89+3.75n)
\d —(12.22+16.074) —(27.89+12.17)

*Form factor used is the three-parameter Fernu



TABLE IV Nuchear form factors used in the factonzation approach and scattening-length approach

Nucleus Form factor Parameters’
"He Hollow exponential a=182 fm
Gaussian a=177 fm
‘He Three-parameter Fernu c=101 fm, z=0327 fm. w0445 fm
Frosch model a=0316 fm, b= 0.680 fm
*Li Modified harmomsc well ay=1.71 fm, ay=208 fn
*Be Harmonic well a=23, a=242fm
1°B Harmonic well a=1, a=245fm
"B Harmonic well a=1, a=242 fm
e Harmomc well a=4/3, a=253 fm
0 Harmonic well a=16, a=275 fm
Mg Two-parameter Fermu c=3.050 fm z=0524 fm
“Ca Two-parameter Fernu ¢=3.510 fm, :=0.563 fm
/] Three-parameter Gaussian ¢=4.500 fm, z=2530 fm, w~020 fm
epy Two-parameter Fernu c=6.624 fm z=0.540 fm

"Reference [40] for A = 3~16 and Ref [41] for the rest of the nucler



ETA-MESIC NUCLEUS AND PION DCX
(Phys. Rev. C 36, 1636 (1087))

e Eta-mesic nucleus can affect high-energy pion double-charge-exchange

(DCX) reactions

e For T = 400 MeV, n production channel is open in most mclei

0 0 0

e The DCX reaction can proceed viam" — 7 — 7~ or ' —n — 7

e 7 is in the continuum; 7 can either be in the continuum or in a nuclear

bound state

e Calculated differential cross sections for the reaction C(x+, 7~ )N
as a function of T at momentum transfer g = 0 and 200 MeV /c



FIO. 1. Resction Sagrams of U, w the =" o' or
amplitude, bl the v° <y-—=n amplosdc due o wnbound
W the w' e oer  amplitedes due 1o bound 5 The haded,
open, and solid circles denote, respectively, e fa o
Lo Mairbors, and (he moclear verms. The shaded muit-
ple boes emote Ihe o mesic sachoss 4
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Observations:

Dashed line: non-resonant background processes alone
(7% is in the continuum)

Contribution of continuum 7 is very small
Solid line: Includes non-resonant terms, r-mesic nucleus and their interference

Cross section varies rapidly over an energy range of 10 MeV, (reflecting the
width 11.1 MeV of "N, ) with a peak at 410 MeV

For smaller ¢, background becomes much larger and the resonance feature de-
creases

Experiment at LAMPF: Johnson et al. Phys. Rev. C 47, 2571 (1993)
180(7T+, W‘)lsNe

“The measured excitation function shows some evidence for structure near the
n production threshold.... statistical precision of the data is not sufficient to
allow more than a qualitative characterization of the effect”



Summary and Outlook

e All theoretical models point to the existence of n-mesic nucleus and it is a
consequence of the attraction between 7 and the nucleon at low energies

e Our calculations predict 7-mesic nuclel with mass number A > 10
e Other models predict the existence of *‘He,

e Nevertheless, existence of 7-mesic nuclei will provide an opportunity to
studying nuclei having an excitation energy of 540 MeV

e Our FA calculations with A = 0,30 MeV correspond. respectively, to the full
off-shell and on-shell results

e s-wave N scattering length a ,varies greatly from model to model

e Since formation of 7-mesic nuclei depends on Qs its value needs to be sorted
out

e Our calculations do not support a large scattering length, even at the expense
of increasing the coupling constant g, ...

e Modifications and improvements to our model will have to wait till the
experimental detection of 7-mesic nucleus

e Experiments: BNL and LAMPF (inconclusive), Julich (promising)






