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New measurement of the neutron-proton scattering lengtha,, via the n-d breakup
reaction at 25 MeV
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The 'S, n-p scattering lengthe,,, has been measured using thel breakup reaction at 25 MeV. The
experiment was performed in a geometry where the neutron and proton were detected in coincidence at the
same angle. The data were analyzed with rigorous three-nucleon calculations using realistic nucleon-nucleon
potentials. The result od,,= —24.3+ 1.1 fm agrees with the well-known value from fraep scattering, and
also with previous results from-d breakup experiments which were performed in different geometries.
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The n-d breakup reaction provides one of the few means The experiment was performed at the cyclotron of the
available for the investigation of the elusive neutron-neutrorinstitut fur Strahlen und Kernphysik at Bonn University. A
interaction. Since free neutron targets are not on hand, eithguasimonoenergetic neutron beam was producied the
n-n quasifree scatteringQFS or the final-state interaction 2H(d,n)3He reaction with 26.7-MeV deuterons incident on a
(FSI) must be employed, using systems with at least thrediquid-nitrogen-cooled gas target operated at a pressure of 38
particles in the final state. Since rigorous three-nucleon calbars. The primary beam was stopped directly behind the gas
culations[1] with realistic nucleon-nucleon potentidld—4]  target, which served as a Faraday cup. The neutrons were
have become feasible, thed breakup is, along with the collimated at 0° to form a well-defined circular beam with a
2H(7,nn)y reaction, the most obvious choice; in both diameter of 31 mn{full width at half maximum at the re-
cases, only three hadrons are involved, and there is no Coaction target. With a deuteron beam intensity of 25, the

lomb interaction. neutron flux at the target in the high-ener@yE) peak from
The n-n FSI in the?H(n,nn)p reaction has been investi- the ?H(d,n)3He reaction was 3:810°/s, with an average
gated in two recent experiments, 6] in order to extraca,,,, energy Eq=25.1MeV and an energy spread\Eg

the 1S, neutron-neutron scattering length. In the two mea-=3.4 MeV. The HE neutrons were separated from the
surements, which were performed at 13.0 and 25.3 Me\bhreakup continuurwia their time of flight. As a beam moni-
respectively, different geometries were used: while in Reftor, a double proton recoil telescoffeRT) was placed in the
[5] the two neutrons were detected in coincidence at th@& beam to detect protons emitted from a {idrget at angles
same anglg“final-state geometry}, in our own measure- of =35°. The PRT allowed the determination of the neutron
ment[6] only one of the neutrons was detected together witHfluence with an accuracy of 1.196].
the recoiling proton on the other side of the beémecoil Neutrons and protons were detected in coincidence at
geometry”). Although, of course, the experimental technique®,=0,=32° and®,,=0°. Then detector consisted of a
should not affect the outcome of the experiment, the twastandard BA1 cell filled with NE213 liquid scintillator, had a
results were clearly contradictory, differing by almost four diameter of 5 in. and a thickness of 3 in., and was equipped
standard deviations. with n-y pulse-shaped discrimination. Its efficiency, includ-
It has long been argued that a natural way to test théng the effect of pileup, was known from previous measure-
reliability of the method used for extractirag,, would be to  ments[6] to better thant1.4%. The protons were detected
measurea,,, the well-known neutron-proton scattering with a 1.5-mm-thick 450-mi Si surface barrier detector
length in the!S, state, using the same reaction. This haswhich was collimated with a circular Ta slit of 20 mm diam-
been done in both investigatiofis,6], and in each case the eter. So as to achieve the highest accuracy within the limited
result agreed perfectly with the value known from fre@  available time, the tightest possible geometry had to be cho-
scattering. In both cases,, was measured in recoil geom- sen without losing too much sensitivity with regardag, .
etry. In this paper, we report on a further measuremeat,pf  Monte Carlo simulations showed that the best compromise to
which, for the first time, was performed in final-state geom-this end was to position the front face of theletector at 43
etry, thus completing our tests for the suitability of thel  cm from the target, and the slit of thedetector at 10.2 cm.
breakup reaction for the determinationay, . All detectors were provided with pulser signals to monitor
gain shifts, pileup, and dead time. Tpedetector provided
the start signal for all time-of-flighfTOF) measurements.
*Permanent address: Department of Nuclear Physics, China Insti- The target consisted of a 21-mg/&ithick CD, foil, fac-
tute of Atomic Energy, P.O. Box 27@6), Beijing 102413, People’s ing the detectors. It had the shape of an upright ellipse with

Republic of China. half-axes of 12 and 10 mm, respectively, and was suspended
TPresent address: Ullrich & Naumann, D-69115 Heidelberg, Gerby means of two thin Be wires inside the intensity plateau of

many. the n beam, which had a diameter of 25 mm at the target
*Electronic address: vwitsch@iskp.uni-bonn.de position. Due to the danger of fatal background from in-
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scattered neutrons, it was not possible to use a conventional 800F ' ' K ‘ E
scattering chamber. Therefore, no chamber was used at all, — apy =24.3fm |
and thep detector was operated under normal pressure. How- 700¢ ) app =22.0 fm 7

ever, in order to reduce the energy loss of the protons, the
target and th@ detector were covered with a thin plastic bag
in which most of the air was replaced by He, which continu-
ously flowed into the bag from below.

For the measurement af,,, the trigger signal was gen-
erated by a fast coincidence between fhandn detector.

counts per channel
£
S
S
T

For each trigger, six parameters were written to disc in list 200¢ E

mode: the dynode signal as well @sr pulse-shape discrimi- 100F 3

nation purposeshe long and short components of the anode K , , ,
0525 75710 125

signal from then detector, the pulse height of tipedetector,

and the TOF’'s between the and p detector (TOF,), and
between the detector and the rf of the cyclotron (T@F In
addition, twofold coincidences were recorded between the
AE andE detectors of the PRT. The trigger signals from thepredictions fora,,= —22.0 and—24.3 fm (histograms The data
pulser were counted with a scalar and used to create a sef@snoted by openpsymbols were not used for the analysis.
rate gate. The total running time was 240 h. The singles
count rates were 110 kHz in thedetector with a discrimi-
nator threshold corresponding to 130 keV electron energy,y,

and 250 Hz in thep detector. A background run was made finite-geometry Monte Carlo predictions calculated with

with the CD, target rep_laced by éZC target .Of e_qual thick- np= —22.0 and—24.3 fm, respectively. In order to extract
ness in order to investigate possible contributions from car:

: SPELIVED :
bon and from the residual air in and around the He bag. then-p scattering length, a minimurp* fit was made, which
The raw data were first reduced by selecting the HE par
of then beam via TOE, and by getting rid of most of the
signals in then detector using the pulse-shape matrix. Next, app=—24.3t1.1 fm.
a threshold of 1 MeV electron energy was set in the dynode
spectrum of then detector, and of 3 MeV in thp detector.  For this fit, the absolute yield in the region betweEp
Then the accidental background was subtracted by means of3 5 and 9.5 MeV was compared with the MC predictions
TOF,,, and also the normalized *true” background from the for different values ofa,,. The range of comparison was
background run. The data were then projected ontoBfie  optimized for maximum sensitivity with regard g,,. The
axis for comparison with the theoretical predictions. The exata points at the highest proton energies were excluded be-
periment was simulated in detail with Monte Cail®IC)  cause their neutron energies are close to the threshold of the
calculations[6]. The main effects to be taken into account p getector. The error of-1.1 fm is mostly due to statistics.
included the extended geometry, the efficiency of theée- A5 can be seen from Fig. 1, the shape of the peak, which is
tector, and the energy loss of the protons. Also incorporatedtrongly influenced by the finite geometry and by the proton
was the loss of neutrons due to scattering in pheetector,  energy loss, is reproduced very well by the MC simulation.
which amounted to around 6.5%. _ The present result foa,,, which was obtained in final-
Absolute theoretical spectra were produced with breakugtate geometry, agrees perfectly with those from earlier ex-
cross sections obtained from rigorous, fully Charge'periments, performed in recoil geometry, namely23.5
dependent Faddeev-type calculations in momentum spaceg g fm [5] and —23.9+ 1.0 fm [6], respectively. They all
using the CD-Bonn potentigl] as input for the nucleon-  54ree with the value of- 23.748+0.009 fm deduced from
nucleon interaction. A detailed description of the theoreticakyqg n-p scattering9]. This shows that—as it should be—the
formulation and numerical procedure can be found in Refgeometry of the measurement does not affect the result for

[1] and will not be repeated here. For the purpose of thishe n.p scattering length. One would think that the same
analysis, modifications of tha-p 1S, interaction were in- holds true fora,,.

duced by adjusting one of the parameters for the fictitious

boson in this partial wav§7], thus generating interactions  This work was supported in part by the Deutsche Fors-

with different n-p scattering lengths. For these, large arrayschungsgemeinschaft under Grant No. WI 1144/5-3. The au-
of point-geometry cross sections were calculated for energiehors would like to thank J. Graichen for his help during the

from 23 to 28 MeV in steps of 0.5 MeV, and stored in the measurements. The numerical calculations for the breakup
computer. For each simulated event, the cross section wasoss sections were performed by H. Witala on the CRAY

interpolated from this library and incorporated into the MC T90 and T3E of the John von Neumann Institute for Com-

routine[8]. puting in Jiich, Germany.
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FIG. 1. The final datddots with statistical errojsafter projec-
n onto thekE, axis, together with the finite-geometry Monte Carlo

The final data, projected onto the proton energy axis, are
own in Fig. 1(dots with error bars together with the

{esulted in a value of
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