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A direct measurement afn-scattering by colliding free neutrons has never been performed. Indirect mea-
surements continue to provide inconsistent results, leaving the issue of charge symmetry in the nuclear force
unresolved. At present the Russian pulsed reactor YAGUAR is the best neutron source for such a measurement.
A neutron moderator is installed in the central through channel and the scattered neutrons are detected at a dis-
tance of 12 m from the reactor. An instantaneous valulebk 10'8/cm?s was obtained for the thermal neutron
flux density. The experiment will be performed by the DIANNA Collaboration as ISTC project No. 2286.

I. INTRODUCTION @2,

Proposals for a direct measurement of tirescattering
Values for the neutron-neutroff scattering lengtta,,  length have a long history; detailed references are provide
appeared (by 1999) tohave converged to consistent nunin Ref. [4]. None of these proposals has been implemente
bers: ann = —18554 0.05 (stah + 0.3 (sysh fm [1] from  Except for the proposed use of underground nuclear explo:
the 2H (1 ,yn)n reaction, anday,, = —187+0.3 (stah +  ons, most of the proposals are similar. The neutrons collic
0.6 (sysb fm [2] from the H (n,nn)p reaction. Comparison in a neutron interaction chamber, which we denote asithe
with the well established value of the proton-proton scatteringavity, and the scattered neutrons are detected externally.
length app = —17.3+0.005 (staf + 0.4 (sysh fm indicates  such arrangements the “target” and the “beam” are neutro
charge-symmetry breaking (CSB). produced by the same neutron source. Thereforeytiseat-
However, a recent investigation of the neutron-neutron andering intensity is proportional to the square of the neutro
neutron-proton final-state interaction in the- d breakup re-  flux density, while the background intensity depends linearl
action revived this issue. Tha,-value of—16.27+0.40fm  on the flux density.
was obtained in Ref. [3] for théH (n,np)n reaction, where The situation is most favorable at pulsed neutron source
the total uncertainty consists of about equal parts of statistiwhere the thermal neutron flux density can be very high. |
cal and systematic errors. This latest result differs from thahppears that the pulsed aperiodic reactor YAGUAR [5] &
of Ref. [2] by almost 40, and renews the long-standing con- Snezhinsk, Russia, best fulfills requirements for ithecross
troversy regarding the conclusion on charge-symmetry breasection measurement. This project was initially proposed
king. An appealing solution is a direct measurement of theat the Dubna ISINN-VIII meeting [6]. The fast neutron pulse
nn-scattering length. Such a measurement has been never pgs-of 0.68 ms (FWHM) duration. The 40-liter volume of the
formed. Here we describe the direut-scattering measure- YAGUAR active core contains the water soluted salti$0y.
ment which is under preparation at the unique aperiodic pulThe solution contains 465 g per liter of uranium which is en
sed reactor YAGUAR. riched to 909%23%U. The effective diameter of the cylindrical
active core is 40 cm, with an effective inside diameter of 1
cm. The critical height is about 39 cm, depending on the pos
Il. EXPERIMENTAL DESIGN tion of the startup rods. The body of the reactor has a centt
channel of 15-cm diameter, which in the standard operatir

For thermal neutrons the zero effective-range approximamode has startup rods that leave a cylindrical space of 12-c
tion works well. The effective thermal neutron cross sectiondiameter.
o measured with unpolarized neutrons is a statistical sum of A direct measurement of then-scattering length is to be
the singletos and tripleto; cross sections. Since the Pauli ex- performed using the time-of-flight (TOF) method by coun-
clusion principle for identical particles forbids the interaction ting the scattered neutrons arriving after the reactor burst
of two neutrons in the triplet state, the cross sectipis ex-  a detector placed behind special collimators far away fror
pected to be zero, and the measured cross seziaqualto  the reactor. If only the colliding neutrons contribute to the
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detector counting rate, and if the parameters of the neutroreactor YAGUAR. The Monte Carlo modeling [7] was perfor-

field are determined and the geometry is known, then the dened using the code MCNP-4 [8].

tector counts (integrated over the thermal neutron part of the Neutron activation studies were performed to measure t

TOF spectrum), measure the-scattering cross section. The thermal neutron densities inside cylindrical converters inse

proposed arrangement for the-scattering experiment at YA- ted into the YAGUAR reactor channel. The polyethylene con

GUAR is shown schematically in Fig. 1. verters are hollow cylinders with different inner diameters
The activation detectors for the absolute flux measuremer
were gold and copper foils placed in the central plane. Detai

< 40 cm > of the measurements are given in [4]. The relative distributio
AN of the neutron flux along the axis of the through-channel we
1 also obtained. These measurements, combined with kno\

neutron activation cross sections, determined the fluency, ¢
fined as the number of neutrons periper YAGUAR pulse.

The measured neutron fluencies for the four polyethylen
converters vary linearly with thickness. This dependenc
agrees very well with Monte Carlo simulations [7]. With
the experimental results for the fluence and using the valt
At = 0.7 ms for the thermal neutron pulse, we conclude the
the 3-cm thick cylindrical moderator provides, for the pulse
power of 30 MJ, an instantaneous valueldf x 10'%/cnfs
for the thermal neutron flucenirar in the central region of
the channel.

The moderated neutron flux spectrum is expected to be pr
dominantly Maxwellian and to have a IVEepithermal tail
with the value ofn depending on the moderator thickness
The gold and copper activation data were analyzed to o
tain experimental estimates of such parameters as the effect

m Maxwellian temperature, the relative size of the epitherms
tail, and the slope parameter

IV.  SIMULATIONS

A. Counting Rates

After nn-scattering in the evacuated moderator channe
some of the scattered neutrons will reach a detector plac
&t about 12 m from the channel central plane, and will be m¢
asured by the TOF method with an effective solid arfgles.
For ideal collimation, direct neutron paths from the modera

. . tor and the walls (besides the back wall of thecavity) to
The active core 2 is placed on three supports at 2 m aboyv,

o M abOVe detector are excluded. Then the detector codpter
the floor level. The neutron GHnoderator 3 is inserted inside

) SO ulse (integrated over the thermal part of the TOF spectrun
the channel. An evacuated tube contains a collimation systeq rejated to then-scattering cross sectiary, the average

4, and the neutron detector 5 is placed at a flight path of abouta \tron flux densityba,, the effective pulse duratioft, the

12 m. The collimation system is designed to screen the SourG&e .tive nn-cavity volumeV, and the most probable velocity
and to minimize background due to neutrons scattered fro b by

the walls. ThééHe absorber 1 reduces neutron scattering from
the back wall. b2
Nnn = anvV%“onnAtV Qett (countgpulse, 1)
0

FIG. 1: Experimental setup (not to scale): (1) neutron absorber, (2
cylindrical reactor active core, (3) polyethylene moderator, (4) colli-
mators, (5) shielding, (6) neutron detector.

. NEUTRON FLUX where the constantay is determined by Monte Carlo and

analytical calculations for a given moderator geometry an

The reactor produces a hard neutron spectrum in theeutron flux distribution. For a pure thermal neutron spec

through-channel (average neutron energy 0.91 MeV) that if'um and including the CM/LAB transformation of the scat-
not suitable for thenn-experiment. We performed calcula- tered flux in the direction of the detector, the valuecgf =

tions for various moderators in the YAGUAR geometry and0.83+0.01[9]. Background considerations and the effects o

also performed measurements with various moderators at tHast-thermal and fast-fast collisions are discussed below. Wi
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a realistic value for the solid angl€®¢ss ~ 5 x 10-%), then The size of a possible contribution to the thermal energ
from Eq. (1) we expech, ~ 180 nn-counts in the neutron region from ’fast-slow’ and ’fast-fast’ collisions producing
detector per burst. 'slow’ neutrons is addressed in Ref. [11]: the integral of the

realistic scattered spectrum abdvechanges only slightly as

compared to the pure Maxwellian case.

B. Backgrounds

175 = — 7000

Ideally with extensive shielding no slow or fast source neu- . RN —n—mmns He

X . . s (R O Ar .
trons can reach the detector directly. However, in practice one _ R, e 9%

can expect several background components.

The thermal neutron background component from the ther-
mal and epithermal neutrons multiply scattered on collimators-.
will depend on the collimation system. Several collimator op- 5 ' [§
tions, as presented in [4] and in references therein, were consi=
dered, and an estimate of this component was found to be les =073
than 20% even for the simplest two-diaphragm collimation. =

Fast neutrons that originate during the reactor pulse are alsi = 0.5
separated by the TOF measurement. The time interval alloca
ted for detecting thermal neutrons is about 5 ms and is delayet o2
by ~ 2 ms relative to the maximum of the reactor pulse. At
this time the subcritical reactor continues to emit fission neu- 0
trons. The background issues that these neutrons create we
addressed in Ref. [10].

The background calculations and preliminary measureFIG. 2: The n-gas collision rate(t) as a function of time of flight
ments of the background are very promising. More extensivéor n-He scattering (dash-dot) and n-Ar scattering (circle) compare
mode”ng and detailed measurements are p|anned_ Direct eyith the initial flux scaled to the n-Ar spectrum (line). The right axis
perimental separation of tme-signal from the background is shows the estimated detector counts assuming a gas density of
also possible, because the-scattering intensity is proportio- 1™
nal to the square of the neutron flux density, while the back-
ground intensity depends linearly on the flux density.
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V. SUMMARY

C. Time-of-Flight Spectra An experiment to measure directly tha scattering length
is at the late design stage. Measurements of the neutr
The nn scattering measurements at the pulsed reactor YAflux and preliminary background measurements are consiste
GUAR will be performed by the TOF method. For a 12-m With simulations and indicate that the background contribt
flight path and 2.5-cm thick cylindrical moderator the simu-tion is of order 286. The final collimation arrangement will
lated "incident’ TOF spectrum is represented in Fig. 2 by thebe installed shortly and initial measurements with the con
full curve. Such a spectrum would be measured by the newlete experimental system performed in 2005.
tron detector if it were placed as shown in Fig. 1 andrhe
cavity filled with a heavy gas such as argon, for which the
transformation of the neutron spectrum after scattering can be
neglected. The spectrum essentially consists of a Maxwellian
part above = 2 ms and al/t? epithermal part. For conveni- . . . .
ence we refer to the distributions above and betow2 ms as This work was supported in part by the International Sci
the 'slow’ and fast’ components. This value tfis expected €Nc€ and Technology Center under project No. 2286, t
to be a cut off value for the experimental TOF spectrum belowN€ Russia Foundation for Basic Research Grant No. 01-0
which the background will increase sharply. 1718_1, by the US DOE Office of High Energy and Nuclea
Physics under grants DE-FG02-97-ER41042 and DE-FGO.
97-ER41033, and by the US NSF through an Internation:
Research Fellow Award No. 0107263.
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