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One major objective of this work is to experimentally estimate the following kinetic parameters on the
IPEN/MB-01 research reactor a& Paulo: the effective neutron delayed fractifg; s, the prompt neutron
generation time/\, and the ratie/A. In order to achieve our goal, we will use a microscopic noise techni-
que called Rossir method. This method is based on the statistical nature of the fission-chain process. Using
a coincidence acquisition system, the rationale is to experimentally determine the probability distribution of
detecting neutrons from the same chain. Through a least-squares fit of this distribution we estimate the prompt
neutron decay constaat= (Betf — p)/A. Thea parameter will be measured for three sub-critical levels using
three different source configurations, and the r8tigs/A is obtained via a extrapolation o= 0. A specific
acquisition system for Rossi-measurements has been developed in order to achieve our objective. This system
is based on a multichannel scaler controlled by virtual instruments that records the timing of all neutron events,
allowing data analysis during the acquisition. The first measurements were performed usBig theiectors
positioned at the center of IPEN/MB-01 reactor core. In the future the same measurements described above
will be performed usingHe and photodiode detectors. The photodiode detectors have been developed by the
Reactor Physics Division of IPEN. In this work we will present a preliminary set of Rosaeasurements
performed on the IPEN/MB-01 research reactoraa Baulo.

I. INTRODUCTION two separated detectors (cross-correlation). A time gdte
divided in bins of widthdt is opened at a certain tinigby a

The Rossia experiment, the first of the neutron counting Pulse from the trigger channel. Some bdts corresponding
techniques [1-3], was introduce by Rossi, who suggested thi® the_elapsed time between the occurrence Qf apulse fromthe
nuclear assemblies were self-modulating because of the pr&9unting channel & and this of the original trigger pulse are
sence of long chains and that prompt-neutron lifetime couldhen mcremented_. Since a timemarking acquisition system is
be obtained by measuring the time average distribution 0f:apa_ble of reco_rdlng all events.of any _detectorand t_hus_makes
neutrons associated with a common ancestor. Nowadays, tfR@ssible an offline data reduction, a time gate of wiithis
Rossie experiment is one of the standard techniques of reacPPened for each trigger pulse. This data processing is referred
tor noise analysis, and has been used currently for determinirp {0 the Rossi type | in the literature.
the prompt neutron decay constant (Beff — p)/A. Acg:ordmg_to Eq. (1), t.he number of 90|npldgnces counts

This technique is based on the fact that the occurrence of Jossiin @ bini corresponding to the lag= id. is given by:
fission in an assembly is nonrandom because the time correla- Cat
tion between neutrons that have a common ancestry. Using a Mrossi(T) = Mrand + Neorr€ @)
coincidence acquisition system, the rationale is to experimen- .
tally determine the probability distribution of detecting neu- | "€ Uncorrelated or random componephd is:
trons from the same chain. To ensure that the time-correlated
counts are not lost in the random background, the fission rate
must be kept low enough to prevent any significant overlap- . . .
ping of chains in the assembly. The Roasilistribution, re- whﬁreNg = ggFoT ,dthe r?u%nb_ﬁ: of tlmel ga:jes, is proportional
lated to the correlation function of neutrons detection time sezo_t € acquisition duratioi. The correlated componendor
ries, can be derived theoretically through a birth-to-death pro'—s'
bability balance equation. In this work we only consider the D
following Rossi distributionpressi for a point kinetic model Neorr = Ngscm&c (4)
without delayed neutrons[4]:

Nrand = Ng€cFodtc 3

Assuming that the number of coincidences coums;i ap-
Prossi(T)digdte = ggFodty x proximately follows a Poisson distribution, its standard devi-

e.D ot ationaoy, is:
F 1
< (scfute+ 2o ™) (0

0n(T) = v/ Nrossi(T) (5)

where:t = tc —tg.

The above expression can be heuristically derived.

The Rossia experiment is as follows. There are two input Il.  PROPERTIES OF ROSSI-a DISTRIBUTION
channels: a trigger channel with detection efficieagyand
counting channel with efficiencg.. Those two channels can  The Rossia distribution is obtained by starting a clock at
be provided by either a single detector (auto-correlation) ot = 0, with the arrival of each pulse. Each clock register the
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arrival times of all following pulse and these times are regis-
tered in time bins ranging fror@ to a predefined value cor-
responding to a fixed observation wind@wV, chosen long
enough to allow proper fitting of the Rossi-distribution.

i i ie- i  O00000000C00000000000000000000
Typical lengths _for_OW_are several times the die away time 900000000000000 09
(1/a)[5]. The distribution of the tallies among the different -8%%%% %%%@ %
time bins provides the Rosai-distributionnyssi triggered by '8%%%%%% 3%%%%5 DOOE
pulse pairs, e.g., a tally is only made when at least a pulse ol le]: (o e e lhal e
pair lays within theOW. The way the Rossi distribution is B e
constructed is shown in Fig. 1. ] 8%%%%%%%‘ SOOE
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FIG. 1: The response of a quadruplet to the Rosdistribution.

lll. THE IPEN/MB-01 RESEARCH REACTOR -
EXPERIMENTAL SETUP
FIG. 2: Schematic view of the IPEN/MB-01 core.
The IPEN/MB-01 reactor[6] is a zero-power critical faci-
lity especially designed for measurements of a wide variety
of reactor physics parameters to be used as benchmark extV. ACQUISITION SYSTEM - VIRTUAL INSTRUMENTS
perimental data for checking the calculational methodologies

and related nuclear data libraries Comm0n|y used in the field We have deve'oped anew data acquisition System for Rossi-
of reactor physics. The IPEN/MB-01 reactor reached its firSg measurements called IPEN/MB-01 Correlator (see Fig. 3),
criticality on November 9, 1988, and since then it has been utigyhich is a Virtual Instrument (V1) that records the timing of
lized for basic reactor physics research and as an instructiong|| neutrons events, allowing on-line data analysis. The main
laboratory system. This facility consists 0P8 x 26 square  part of our timemarking system is a Multi-Channel Scaler PCI
array ofUQ; fuel rods,4.3% enriched and clad by stainless card. The LabVIEW software is used to program the Multi-
steel (type304) inside a light water tank. The control banks Channel Scaler. With dwell times fro®nsto 1300, a me-

are composed of2 Ag—In —Cd rods and the safety banks mory length 0%65536channels, and input counting rates up to

of 12 B4C rods. The pitch of the IPEN/MB-01 reactor was 150\IHz, the IPEN/MB-01 Correlator provide us a high time
chosen to be close to the optimum moderator ratio (maximuresolution.

ko). This feature favors the neutron thermal energy region
events. Fig. 2 shows the cross-section view of the IPEN/MB-
01 reactor core.

During the execution of the experiment, both of the safety
banks were kept completely far away from th@0% with-
drawn position. In order to achieve the different subcriticality ~Fig. 4 shows one of the recorded Roastistributions for
levels, the system is perturbed with the insertion of control subcritical level of -13pcm together with the fitted curve ac-
rods. Different subcriticality levels have been measured decording to the model given by Eq. (2). This curve was obtai-
pending on the position of these rods. The preliminary Rossined with the reactor driven by the intrinsic source, and only
a measurements were performed with the reactor being driveane BF; detector. The nonlinear regression method used to
by the intrinsic source, for reactivities ranging froa80pcm  fit the curve is based on the Levenberg-Marquardt algorithm.
to —10pcm Two BF; detectors were placed in the core (seeFor evaluating the goodness of fit, one uses graphical and nu-
Fig. 2). The twoBF; detectors were cross correlated with merical indicators X2). The domain of fit range frond to
each other and electronically summed together and then autdOms
correlated as a single input signal. The signal-to-noise ratio for this configuration wAs89%

V. PRELIMINARY RESULTS
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FIG. 4: Fit of the Rossi distribution for a subcriticality level of
-13pcm.

FIG. 3: The IPEN/MB-01 Correlator front panel.

This corresponds reasonable well with the estimated value
by the control rods calibration.
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Assuming an effective delayed neutron fraction(@f42 +
0.07) x 10~ and a neutron generation time ¢82.12+
0.33) x 10 %s, which were calculated and measured previ-
ously, thea-value of —250.38+ 4.55s~! provide us a reac-
tivity of:
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