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/ THE n-NUCLEON SCATTERING \
LENGTH AND EFFECTIVE
RANGE

Contributors

eBegan with J. A. Niskanen and S. Wycech:
Are there n-Helium bound states?
Phys.Rev.C 52 (1995) 544

e Continued with S. Wycech:

The n-Nucleon Scattering Length and Effective
Range

Phys. Rev. C 55 (1997)R2167

n-Nucleon Scattering Length and Effective
Range uncertainties.

Phys.Rev. C71 (2005) 014001
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/\ OTHER PAPERS ON THIS TOPIC I\

n-Deuterium Scattering
(with J.A.Niskanen and S.Wycech)

Phys. Rev. C 54 (1996) 1970

A coupled K-matrix description of the
reactions 1N — 7N, tN — nN,
YN — wN and YN — nN

(with S.Wycech)
Phys. Rev. C 60 (1999) 035208

Uncertainties in the n-Nucleon Scattering
Length and Effective Range

(with S.Wycech)
nucl-th /0009053 — unpublished — more later
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/ WHY BE INTERESTED IN THE \
n—N INTERACTION?

e There are no 7-beams.
e Useful for chiral and other effective theories.
e Useful for n — ' mixing and structure of n’.

e Needed for studying/predicting n—Nucleus
quasi—bound states.

Private communication from S. Wycech ETAQ7
Peniscola, May 2007

1) H. Machner sees a possible 7 - Al state of
~12 MeV width, loosely bound.

2) Krushe sees (unpublished) anomalies in final
state m -nucleus interactions in photo-n

production.
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4 N
\ HisTORY IN 2005 '

Table 1: A selection of nN- scattering lengths

and effective ranges appearing in the literature.

Reaction or Method Scattering Length(fm) Effective range (fm)

[1] 0.25+10.16

[2] 0.27+4i0.22

pn — dn [3] <0.3

[4] 0.46(9)+i0.18(3)

[5] 0.487 +140.171 ~6.060—40.177
[6] 0.51+40.21

[7] 0.55(20)+i0.30

[5] 0.577 +i0.216 —2.807 —i0.057
[8] 0.621(40)+i0.306(34)

[9] 0.684i0.24

[10] 0.717(30)+i0.263(25)

Coupled K-mats[11] 0.75(4)+10.27(3) —-1.50(13) —40.24(4)
nd — nd [12] >0.75

Coupled K-mats[13] 0.87410.27

[14] 0.91(5)+140.29(4)

[15] 0.980+4i0.37

[16] 0.991 +4:0.347 —2.081 —:0.81
Coupled K-mats[13] 1.054-40.27
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~

/ REACTIONS USED TO EXTRACT
AN 7-NUCLEON SCATTERING
LENGTH

The parameters in the following model are
adjusted to get an optimal fit to

o TN — N,

o N — 1V,

oyN — 7N and

oyN — nN

data in an energy range of about 100MeV or so
each side of the n threshold.

e Need 7N interaction at ~ 1460 MeV cw
actual threshold of 1487 MeV.

The 20-30 MeV is made up from ~10MeV
from nucleon separation and ~10MeV due to
recoil of n—N pairs.

- /
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/ SKETCH OF COUPLED K-MATRIX \
PARAMETRIZATION

Describe data by T-matrix (T, = TrnnN €tc.)

TTF’TF TT‘-,T’ T7T7’Y

T = Lo Tym oy ; (1)
Tyx Thy T4,

Given T,,(gy,) define a, 7o, s as:

_ : ro
T,m1 +iqy, = 1/a + qu—l—sq;‘; (2)

To solve T'= K + 1 KqT

express 1; :’s in terms of A, ;’s
,J \J

A7T7T A T
T, - = ’ and T, » = L

= ; etc
, 1 — ZQT('AT(',TF

1 —ignAyp
(3)

Now express A; ;’s in terms of K; ;’s

Arx = K r +iK3 o/ (1 —ign Ky p),

Ay, /(L —iqr Ky x) etc  (4)
- /
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K's— A's—Ts.

Parametrize K'’s as

V7a(1)75(4)

K,3=Bys+X;
B BT B —E

where a, 0 =N, nN, vN
Free parameters:

e 2 energies Ey, Fq near S-wave m — N
resonances N(1535), N(1650),

e 6 couplings to the resonant states
/771'(07 ]-)7 777(07 ]-)7 7’)’(0) and 73(0)

e 4 background parameters
By oy, Br .y, Byy, By — only B, . sizeable.

Minuit gives errors on all parameters.

Used to estimate errors on a, rg, S.

/\ SKETCH CONTINUED I\

()

(6)

/
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/\ TWwWO REFINEMENTS I\

1) v3(0) is the small effect of 77w V.
The ww N channel is removed explicitly by
making, for example, the replacement

0 K K
Yn(0) L EnsesEsn

7
FEo — E 1 —ig3Ks3’ (7

Kyy = By +

where g3 is a three body phase space element.
This treatment of the 77N channel is not an
approximation.

It is purely for convenience.

2) Momentum dependence in B,
Replacement

[Blrn — (K" (B)]z s = [Blay + Rendy, (8)

™,n T™n

where the parameter 17, , can be estimated
from ap—meson exchange to be ~ 0.2 fm.

- /
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/\ DATA FITTED I\

e TN — w/N Arndt et al.
23 data points in the centre-of-mass energy
range 1369.2 < E., < 1705.0 MeV

e YN — wN Arndt et al.
16 points with 1352.0 < E., < 1546.3 MeV

e YN — nN Krusche and GRAAL
38 points with 1487.0 < E., < 1523.8 MeV

e TN — nN Nefkens review and Brookhaven
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/‘ PRELIMINARY mNN — n/N DATA I\

Figure 1: The reduced mN — nN cross section.
Preliminary from Tom Morrison (PhD thesis)

Solid line — Conventional solution

Dashed line — an Unconventional solution.
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/‘ NN — nN AMPLITUDES I\

Figure 2: The nN — n/N amplitudes
Solid line — Real part of T},,,:
Dotted, Imaginary part of T,,:

a) Conventional b) Unconventional solutions
with essentially the same x?/dof
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/\ CONCLUSIONS I\

Either

K-matrix misses something in 7N — nN
channel

Or

This TN — nN data needs checking.
PRC referee agreed — we should wait.

No new scattering length.
Old value a(fm) = 0.87 4 ¢0.27 favours the

Conventional solution.
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/‘ NEW 7N — nN DATA I\

Table 2: The #N — nN data from Ref. below.
The uncorrected m-beam momentum is denoted
by [UC] and the corrected momentum by [C]

— private communication V. Abaev.

P. MeV/c [UC] P, MeV/c[C] o mb

692.5 687.1 0.64(17)
702.4 701.0 1.73(15)
714.5 713.1 2.13(15)
732.1 731.6 2.69(20)
744.3 744.1 2.68(20)

N. G. Kozlenko et al., “Measurements of the
Total and Differential Cross Sections of the
Reaction m~p — nn using the Polyethylene
Target and the Crystal Ball Detector”,

K(}atchina preprint 2542 (2003). /
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/‘ 7N — nN DATA 2 I\

Figure 3: Fits to the 7N — n/N data
with(solid line) and without(dashed line)

the m-beam correction.

The squares are for the uncorrected m-beam mo-

menta and the circles for the corrected momenta
see Table 2.
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/‘ NN — nN AMPLITUDES I\

Figure 4: The real(R) and imaginary(I) parts
of the T'(n-N) scattering amplitude.

The solid(dashed) lines show the fit
with(without) the pion beam correction of
the TN — nN data.

The dotted lines show the effect of not including
this 7N — nN data in the fit.

All three sets of curves are more or less
indistinguishable.
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/\ (GAMES WITH DATA I\

Table 3: Effective range parameters a, ¢ in fm.

Errors from parameter errors.

Re a Im a Re rg Im rg
All Data Final Result
0.91(6) 0.27(2) —1.33(15) -0.30(2)
All Data no beam  correction

0.88(5) 0.25(2) -1.37(16) -0.31(2)
No TN — nN

0.93(21)  0.27(10) -1.3(6) —0.31(7)
No YN — nN

0.77(9) 0.25(5) —1.8(4) —0.3(1)

K (mn) energy dependent
0.92(20)  0.27(9) ~1.3(6)  -0.30(6)

\_ /
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/\ HISTORY UPDATE I\

Table 4: A selection of n/N- scattering lengths
and effective ranges appearing in the literature.

Reaction or Method Scattering Length(fm) Effective range (fm)
[1] 0.25+4i0.16

[2] 0.27440.22

pn — dn [3] <0.3

[4] 0.46(9)+10.18(3)

[5] 0.487 4:0.171 —-6.060—-t0.177
[6] 0.51+i0.21

[7] 0.55(20)+140.30

[5] 0.577 4+10.216 —2.807 —20.057
[8] 0.621(40)+i0.306(34)

[9] 0.68+140.24

[10] 0.717(30)+10.263(25)

Coupled K-mats[11] 0.75(4)+10.27(3) —-1.50(13) —40.24(4)
nd — nd [12] >0.75

Coupled K-mats[13] 0.87410.27

[14] 0.91(5)+i0.29(4)

FINAL RESULT 0.91(6)+i0.27(2) ~1.33(15)-40.30(2)
[15] 0.980+140.37

[16] 0.991 +40.347 —2.081 —40.81
Coupled K-mats[13] 1.05+4140.27

[14] M. Batinié, I. Slaus, A. Svarc and B.M.K. Nefkens
Phys. Rev. C 51, 2310 (1995), erratum Phys. Rev. C 57, 1004

(1998).
{ncludes wIN, nN and effective mm™N channels — but no yN /
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/\ RECENT WORK I\

http://arxiv.org/abs/0704.1530
1) A study of the pd — pdn reaction

Authors: N. J. Upadhyay, K. P.
Khemchandani, B. K. Jain, N. G. Kelkar

Large enhancement requires n — d FSI

corresponding to large a,n
Around 1.07410.26fm
Better than (0.42, 0.34) fm or (0.75, 0.27) fm

2) Colin Wilkin(Peniscola) analyzed new 7°He
data and obtained a ~ + 10 —1.5 fm.

If true that indicates very narrow state.
Probably not-true , depends on the
experimental very controversial cuts.

That length disagrees with our n°He length
based on different data.

(Private communication S. Wycech)

- /
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/\ A SEPARABLE INTERACTION I\

Usetul in few-body problems to have a
separable form for going off-shell:

Tm?(Q7E7 q/) = Un(Q)tnn(E)vn(q,)a (9)
where
v=1/(14+¢*p%) with 3=0.31fm (10)

estimated roughly from N(1535) formfactor

and nearest singularities in ¢ and » channels.




The n-Nucleon Scattering Length and Effective Range June 2007 23

/\ CONCLUSION I\

a = 0.91(6)+i0.27(2),
ro = —1.33(15)-i0.30(2),
s = 0.15(1)-i0.04(1)

a is in agreement with Alfred Svarc




