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S11 resonance N*(1535) decays in 1023 seconds

Does it make sense to talk about quasibound states of N* and nuclei?

People did investigate A-nucleus bound states!
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Short note

Evidence for narrow A°(1232) states in the *C/(e, e'pr )!!C
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Fig. 1. Kinematics for “quasi free A” (left) and “bound A”
(right), schematically

Two narrow states with a width of about 5 MeV
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Schematic model for narrow A(1232) resonances bound in a nucleus
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N
Considering also the partial width
of the mesonic decay mode A 2> Nt
T, P
>
q Total width of a bound A in nuclei is of the order of
100 MeV
N

No narrow A bound nuclei!



Eta-mesic nuclei and N* nuclei

W. Krzemien, P.Moskal, J. Smyrski and M. Skurzok,
@ Search for the n mesic 4He with WASA at COSY,
' : EPJ Web of Conferences 66, 09009 (2014)
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(4He - r])bound “ (3He - N*)bound ??

Are they related?



Poles in the complex energy and momentum plane
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The N*-nucleus potential

The potential corresponding to the elementary N N* > N N* reaction is written
within a one-meson excahnge model with the exchange of m and n mesons.

The interaction Hamiltonians are given by
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Not considered here!
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The amplitude for the process N* n = n N* for example can be written as

Fann-Uz(P") w1 (P) U (—p") ua(—P)
G —m?
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where X is the 1t or n exchanged meson

— —f —
() ua(—p) = N (1 — ZEND)

dm ymiyc?

Dropping the 1/c? suppressed, spin dependent term

Form factor
the N N* potential in momentum space: f off shell mesons
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The Foruier transform of the N N* potential gives
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Folding this potential on to the nuclear density

V(R) = [ & p(r) o7 = F)
the N*-nucleus potential is written as

V(R) = Vo(R) + V,(R)

= Z / dg'r .-OP(T) ril"'.Lii'(|rF}_ RD + N / da'r .-On('r) {Uﬂ(|.}:’_ R|)?
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We assume p(r) = pn(r) = pp(r)



Potentials are sensitive to the choice of the coupling parameters

Vien(1) [Me V]

Vg1 [MeV]
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Parameters taken from:
A.B. Santra and B. K. Jain,
Nucl. Phys. A 634, 309 (1998)

A. Fix and H. Arenhoevel,
Nucl. Phys. A 697, 277 (2002).
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Bound states of a Woods — Saxon potential

S. Fluegge, Practical Quantum Mechanics; M. Ghominejad, Eur. Phys. J Plus 128, 59 (2013)

For a Woods-Saxon potential of the type Vir)=—=x

d?u  2du 2m
The Schroedi ti — —(E—-—V)iu=20
e Schroedinger equation 7 + = o + 2 ( Ju

may be transformed to the independent variable y = L _
l1+e
to give
— 3%+~ y
y(1— ) + (1 -2 ) = 0.
y(l - y)

This equation is to be solved with the boundary conditions

x=0at y=0 (r = x) y~1—e o1 (r=0).



Writing X)) =y"(1=y)* f(y)
one can get the hypergeometric differential equation

y(1—-y)f"+[(2v+1) -y +2u+2)f = v+ p)(v+p+ 1)f =0.

Eventually after performing some algebra, we obtain the condition for bound states
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Bound states for the two sets of parameters:

Set 11 grnn- = 0.67, gy = 2.1, A, = 1.2 GeV and A, = 1.5 GeV

Set 2: gxnn- = 1.1, govn- = 2, Ar = 0.88 GeV, and A, = 1.28 GeV
Set 1 Set 2
N*-3He |-0.028172 MeV -3.88736 MeV

0=18.12,a =0.79, R = 1.27 0 =3727,a=084, R =137

N*-24Mg|-17.1039 MeV and -1.82417 MeV |-47.6003 MeV and -20.7584 MeV and -2.63927 MeV
0=234.03,a =091, R = 2.88 v =76.4,a=0.98 R =287




An estimate for the width

T. Walcher, Phys. Rev. C 63, 064605 (2001)

Assuming an average mean free path of the meson inside the nucleus to be

(W) = (po(w))™! and also assuming that the N* was produced at the
— PO centre of the nucleus, the number of times that the

meson rescatters is given by

N(w) = georr (Ti)})z = Georr[Rpo(w)]?

h —1
Starting with the amplitude G(w) = 092?_ (@ —wo— ) +i(T/2)
I - o

where € is the binding energy of the N* in the nucleus and taking care of the fact
that the meson does not propagate as a plane wave between rescatterings in the

nucleus
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Widths are insensitive to the change in binding energy, parameters of N N* interaction

Cross sections formtp 2 w p, t®norn N =2 n N are of the order of 3 fm?
in the region of N* = Broad width and hardly one or two rescatters!



Coming back to the question:

A=Noung €D ([A-1]-N¥)pong ??

Let us have a look at the predictions for n-mesic nuclei

Table 1. Pole values of eta-mesic light nuclear states.

Complex Pole (E.I'/2)

in (MeV) State Ref.
nd —2—1il0 Quasibound [23]
—i10.317 Quasibound [32]
28.06 —i24.976 Resonance  [32]
8.24 —14.575 Resonance  [32]
373 —13.405 Resonance  [32]
i0.743 Quasivirtual [29]
—24 +i27.93 Quasivirtual [26]
—0.87 +10.95 Quasivirtual [26]

—17.1 —il7.5 Quasibound Missed in [26]

noted in [41]

—15—i20 Quasibound [41]
n—He 7.03 —il3.1 Resonance  [32]
—ill1.15 Quasibound [32]
0.5 —i0.63 Resonance [44]
—5—i8, —i1.95 Quuasibound [44]
n—*He —4.44 —i6.37, —i5.725 Quasibound [32]
—2—il.75 Quasibound [44]

N. G. Kelkar, K. P. Khemchandani, N. J. Upadhyay and B. K. Jain, Rep. Prog. Phys. 76, 066301 (2013).
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Table 2. Quasibound n-mesic states.

Nucleus Pole values in MeV Ref.
‘He s —10.7 —17.25, —8.75 —114.95 [23]
"B 1s —245—1114, —-229 —123.05 [23]
2C  1s —1.19 —13.67 [20]
—9.71 —117.5 [22]

—5—18, —6—1l6 [21]

0 1s  —3.45-—i5.38 [20]
—32.6 —113.35, —31.2 —i26.95 [23]

lp —=7.72—-19.15, =5.25 —119.1 [23]

Mg 1s  —12.57—i16.7 [22]
Mg 1s —6.39—i6.6 [20]
—38.8 —114.25, —37.6 — 128.65 [23]

AL 1s —16.65 —117.98 [22]
lp  —2.9—-1i2047 [22]

S 1s —16.78 —117.93 [22]
lp —3.32—-120.35 [22]

“Ca 1s —891—i6.8 [20]
—14 — 143, —18 —121, —14 —1l11.5 [21]

—46 —115.85, —44 8 —131.8 [23]

—17.88 —117.19 [22]

lp —3—il6.5 [21]

—7.04 —119.3 [22]

—26.8 —113.4, —25.2 —127.1 [23]

25 —4.61 —18.85, —1.24 —i19.25 [23]

NZr s —14.8 —18.87 [20]
—52.9 —il6.6, —51.8 —133.2 [23]

lp —475-i6.7 [20]

—40 —115.25, —38.8 — 130.6 [23]

2s  =21.7—113.05, —19.9 —126.55

[23]



Predictions of broad eta-mesic states |

Table 3

Calculated 1 meson single-particle energies. E = Rel E, — m, ). i~+i _

and full widths, I'. (both in MeV). in various nuclei, ‘IJ;L.EIE‘ tﬂhe PFEdIC'tIOnS of the Quark Meson
complex eigenenergies are. E, = E+ m, —il /2. See Eq. (13) COUpllng (QMC) model

for the definition of . Note that the free space width of the 7 1s
1.18 keV. which corresponds to y, =0

K. Tsushima et al., Phys. Lett. B 443, 26 (1998)

Yy =0 Yy = 0.5 Yy =1.0
E r E r E r
e s —331 0 —326 267 —312 539
lp —869 0 —772 183 —525 382
Yca 1s —465 0 —460 317 —448 636
Ip —274 0 —268 268 —252 542
25 —609 0 —461 177 —124 385
Wz 1s —533 0 —529 332 —518 664
Ip —405 0 —400 305 —388 612
25 —223 0 —217 261 —199 531
Pb 1s  —566 0 —563 332 —553 662
Ip —487 0 —483 318 —473 635
25 —363 0 —359 296 —347 595
®He 1s —114 0 —107 145 —875 299
o B 1s —250 0 —245 228 -229 461
“Mg 1s —392 0 —388 285 —376 573
Ip —185 0 —178 231 —159 471




Predictions of broad eta-mesic states Il

C. Garcia-Recio, T. Inoue, J. Nieves, E. Oset, Phys. Lett. B 550, 47 (2002).

Table 1
(B, —I"/2) for p—nucleus bound states calculated with the energy-dependent potential

EC Id-Mg 2'.-':3‘1 EESi 4-':](:3 EDEPb
ls (=9.71, -17.5) (—12.57, —-16.7) (—16.65, —17.98) (—16.78, —17.93) (—17.88, —17.19) (—21.25, —15.88)
1p (—2.90, -20.47) (—3.32, —20.35) (—7.04, —19.30) (—17.19, —16.58)
1d (—12.29, —17.74)
2s (—10.43, —17.99)
1f (—6.64, —19.59)
2p (—3.79, —19.99)
1g (—0.33, —22.45)
Table 2
(B, —I"/2) for p—nucleus bound states calculated with the energy-independent potential

IEC 24I‘$‘1g E'TA_I 28 i 40 Ca EDEPb
s (—17.71, —25.42) (—22.69, —25.78) (—33.80, —30.63) (—34.01, —30.36) (—3542,—-30.12) (—39.71, —28.65)
1p (—5.28, —23.20) (—6.07, —23.45) {(—13.02, -25.19) (—31.97, —-27.61)
ld (—22.69, —26.30)
2s (—19.11, —25.535)
1f (—12.16, —24.69)
2p (—6.81, —23.12)
lg (—0.60, —22.74)

Unitarized Chiral Perturbation Theory Predictions



SUMMARY

N*-nuclei may exist, however, mostly broad

If we can relate Eta-mesic nuclei &= N* nuclei then the n-mesic
nuclei would be expected to be broad too!

An experiment similar to the one at MAMI for the A-nucleus could
possibly be planned to look for N*-nuclei

However, a better estimate for N*-nuclei required!
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