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»  Arather large s-wave n-nucleon scattering length lead to the idea of bound n-
nucleus systems.

»  This would be a strong bound system, contrary to pionic atoms (Coulomb bound).
»  How to measure?

1. Direct Production
— The n meson has to be produced at rest
— Best: transfer reactions, one ejectile carries the beam momentum
(recoilles kinematics) FF=exp[-(hq)?/BE]
— But (d,3He) bad because break up protons and 3He have the same magnetic
rigidity
2. FSI
— Best: two particle final state
— Limited to light nuclei where the existance of bound states is improbable
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Authors ag (fm) a, (fm)
Haider & Liu (set I) 0.28 0.19
Friedman, Gal & Mares (GW) 0.22 0.24
Hayano, Hirenzaki&Gillitzer 0.718 0.269
Garcia-Recio et al. 0.264 0.245
Sofianos et al. <0.47 0.3
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Lieb et al. (unpublished)

Peak due to detector acceptance?
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n kinetic energy only a few MeV.
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Sokol et al.: y+12C—N+ (z++n) +X 3
. : 4 L
Both ejectiles are anti-correlated:; 20( 2
o
Q
<E,>=300 MeV, <E,>=100 MeV |
3
ge)
But beam momentum nucleon not S| 2 o
measured! 510 E/ ° v, -165°180°
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Difference of excitations functions of =0 — p
Pheron (CB+TAPS) back-to-back pairs with opening angles between
y+3He—>(n0+p)+X 165° - 180° and 150° - 165°. Insert excitations

functions for different ranges of the opening
angle W, after removal of the overall energy
dependence «< E;6. Vertical dotted lines: co-
herent n-production threshold.
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Unpublished searches:
d + “C - *He + X @ GSI fragment separator

difficult to distinguish break up protons from 3He;

scan around n threshold, the bound , the bound A, -system
carries the full beam momentum:

p+d >n+°He— p+ p+ p+z” @COSY TOF (unpublished)
d+d— 7+ *He—> 7~ + p+ *He @ WASA (PRC 87 (2013) 035204)

Coherent photproduction

v+ 'Li >n+7Li > 27(6y)+ X (Eur. Phys. J. A (2013) 49: 38)



GEM*@ COSY (trans‘te _ m e ”

p+ Al > *He + 25Mg,7

Ly Mg+ 7+ p

[concrete shielding) (ENSTAR ]

l B /beam
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R,S Layers

45m

to beam :
Q37‘ f P,Q Layers
IMWDCs 1

IMWSCs 2
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Best target: odd-odd leads
to even-even, low level
density. Not existent as
solid material.
Compromise: even odd

SHe in BIG KARL, carries
the full beam momentum

n-p almost back to back in
ENSTAR

3-particle coincidence + 3
more constraints!

Beam pipe from carbon
fibre
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Particle identification with BK
focal plane detectors

/
4
— Event of interest:
A »>Two correlated particles: 5+4=9 fold
coincidence
»Pion leaves the detector: outer
layer fires

»Proton stopped in the middle layer

NIM A 596 (08) 31 8
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BEg =12.0 £ 2.2 MeV

82 FWHM = 11.04+4.0 MeV

Gaussian errors:
(N — BG)/\/(BG +opg) = 5.30

11
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L.-C. Liu (priv. comm.)

10 E ' T y T

Expected(for the present system):
10° ; p—i—lBO —> “He+ 14N,_,]

T =100 GeV 6=5-22 nb
1 B — o, =11901b

=365 mb acceptance, isospin yields

| o, =0.46+0.16(stat) + 0.06(syst.) nb
o(pd — n°He, BK accept) =39ub
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Tacid assumption:

_,(d_a] =t |2 =|f, - FS| |2 =| fB|2 |Fsl |2 s-wave, and then

dQ do/dQ=c/4n

FSI = -

1—i-a-pf+%a-ro-p$

to have a bound state, but

|[FSI| o 1/ Re(a, ,)? thus experiments give no sign
|Qo(m*He)[<|Qo(m*He)| )|<|Qq(n"Be)

Otherwise: virtual (unphysical) state 14
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COSY-11

SPES-II
ANKE

o> i

cross section ¢ [nb]

excess energy Q [MeV]

T. Mersmann et al., PRL 98 (07) 242301 Smyrski et al.
_ A1), & 110 a==x(2.9 % 2.7)+i(3.2 = 1.8) fm
., = +(10.7+0.8%))+i-(1.5+2.6%5)|fm S

r = [(1.9 +0.1)+i-(2.1£0.2'32 )] fm

‘ QO ‘z 0.30 MeV 15



DUISBURG

ESSEN
. ;‘-
30§ - Iap
© 0| 8,=(3:21:019) fm
100: a,=(147+0.34) fm
d
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Q (MeV)

Condition to have a pole: | Q, |1=(3.41+0.42) MeV

|ai|<|ar|
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Legendre polynomials

] EXp. ag a, a,
g Wronska et al. ANKE 130 -079
<5 | +0.18 | *+0.19
£  GEM

1.27 -0.29 1.65
*+0.03 | £0.06 | =0.07

GEM

s, p and d-waves!
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Frascaria
Willis

Wronska
this work

o rne

100 120

Same momentum range as in p+d, but less
data points. Cross section less than 5%!

How to extract s-wave?

J--_
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M = A(€1 X €3) -pg+ B(€1 X €2) - [Dg X (P X Dg)] (Pn - Dg)
+C [(€1 - Dg) €2-(Dn X DPg) + (€2 - Pg) €1-(Pn X Pg)]

A(0) = Ag + A> Py(cosh)

fit parameter value
Apl? 6.6+ 1.7

2Re(ALAS) —25.0+£ 9.5
AQ% 48.4 + 14.5
|B|? 9.3+ 5.1
C? 0

Better fit than partial wave amplitudes (s, p, 2d waves), because less
parameters (4 instead of 7)

Angular dependence due to s-d interference
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Final result

PWA

spinampl.  -----—-----

NP A 821 (2009) 193

0.0 01 0.2 03 04 05 0.6 0.7 0.8 09 1.0

cos2(6)
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= 1 f|? = =1 Ag|? —lag|
d2  py 3 D4 T 274r
|fs|° = 4.4+ 1.1 nb/sr
B0 L __ __ _  scatt. length
M effective range
50 A  Wronska
@ this work
40 u | ar |: 31i 05 fm
:é 30 =0.0+£0.5fm
B 20
10 |Q0 |z 4.4MeV > |QO (773HE)|
%.f;'JfJ 0.02 0.04 0.06 0.08 0.10 0.12 | 21

GeV/
P, (GeVrc)



l /beam

to beam
dump

g.s.+0.43MeV (L=1) \‘/2/

previous exp. 4 states (L=1+L=3)

p+SLi—yy+X 22
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Tests of MWAC with TIFR Pelletron
beams of

- "Li at 48 MeV,

- 12C at 60 Mev,

- 160 at 50 MeV.

All focal plane detectors in big
vacuum box
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Al-Khalili et al.: T Y s
®Li
4.57 a
do(p°Li—7n'Be) _ |O,7 21+1 . | %
f d H o -1
T pp| (pd > 7 e)IZ \ |
C overlapp cluster wavefunctions

f (pd = n°He) spin averaged amplitude
F; form factor

p______ . @ AN n
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do(L=1) do(exp.) jimwe 2 :
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inimins, 2
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] —— Upadhyay et al. (wio fsi) [ - ’ )
20- ®  Scomparin - a,y =(0.88+i0.41) fm
s | &, ge = (-9.18+i8.53) fm

Proposal for WASA:

/' p+'Li>n+'Be
""'---.._____. -

a(gs) (nb)

! n—yty
44 N

: l at Tp=659 MeV

10 10 10 Q=0.33 MeV

26
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Final state | a Eg comment
3Hen 29 +27 | 3.2+ 1.8 2.3 Smyrski
no e.r.
3Hen 3.21+0.19 (1.47%+0.34 | 4.1x04 data
Mersmann
no e.r.
3Hen 10.7 =09 | 15 +2.38 0.3 data
Meersmann
e.r.
“Hen 3.1+0.5 0.0+0.5 4 GEM
no e.r.
“Hen 6.2 = 1.9 | 0.001*+6.5 10+3 GEM
e.r.
‘Ben 9.18 8.83 0.33 calculation
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