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Final values of the transverse polarization componemits (Or,) of electrons emitted in thg-
decay of polarized, free neutrons have been determinedhéodata set comprising events with
full goemetrical information taken in nTRV experiment. Thedd, P-odd correlation coefficient
associated with polarization component perpendiculahéonteutron polarization and electron
momentumor,, was found to bR = 0.008:0.015+0.005. This value is consistent with time
reversal invariance, and significantly improves limits ba telative strength of imaginary scalar
couplings in the weak interaction. The value obtained fer ¢brrelation coefficient conected
with oy, N = 0.056:0.011-0.005, agrees with the Standard Model expectation, progidin
important sensitivity test of the experimental setup.
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One of the most important problems of the standard model (SMpnnected with the in-
complete knowledge of physics of the combined charge ant/mgmmetry violation (CPV), or
via CPT theorem equivalent, time reversal symmetry viofaiTRV). The Kobayashi-Maskawa
mechanism responsible for CPV in the current formulatiothef SM accounts for the CPV dis-
covered so far in kaon and B-meson systems, but it turns obie ttmo weak to explain such a
basic observation like the matter-antimatter asymmetrshefpresent Universe. It can be shown
that even tiny contributions of exotic couplings can acedanthe required level of CPV. In this
context, observation of new CP- or T-violating phenomeneeiy important, especially in systems
built of light quarks only, where the contribution of Kobayg-Maskawa mechanism is vanish-
ingly small. This applies to all nuclear beta decays, but ugs simplicity, free neutron decay
is particularly interesting. Unit charges involved andateely small decay asymmetry parameter
(A) result in small final state interaction corrections whichabsence of the nuclear and atomic
structure, can be calculated with a very good precisions hspecially important since the final
state interaction, as the second order effect, can mimic TRV

The decay rate distribution from polarized neutrons is propnal to [1]:

W(J,&,E,p)oc1+%.<AE+RpEG+N6>... )

whereJ is the neutron sping is a unit vector onto which the electron spin is projectgédp -
represent energy and momentum of the emitted electroamtieta decay asymmetry parameter.
N andR are the correlation coefficients which, for neutron decath\wthe SM assumptionSy =
C,=1,Ca=C,=A=-1.27, and allowing for a small admixture of the scalar and tensaplings
Cs, Cr, Cg, C1, can be expressed as:
N = —0.218 Re((Cs+Cg)/Cy) +0.335- Re((Cr +Cf) /Ca) — g A, 2)
m

R = ~0.218 Im((Cs + C5)/O) + 0.335: Im((Cr +C1)/Ca) ~ 7.

A, 3)
wheremis the electron mass. Only taking into account final stateradtions (last terms in Eqs 2
and 3)RandN become different from zero. However, sirfees =~ 0.0006 is below the sensitivity
of the present experiment, any larger absolute value measvwould provide a hint for the existence
of exotic couplings, and in consequence a new source of TR¥.VRlue ofNkg; ~ 0.068 is well
within the reach of this experiment. Its determination faeg an important sensitivity test of the
experimental apparatus.

The experiment was performed at the FUNSPIN beam line atdliereeutron source SINQ,
Paul Scherrer Institute, Villigen, Switzerland. The Motigrimeter [2] consists of two identical
modules, arranged symmetrically on both sides of vertigadilarized cold neutron beam (Fig. 1).
Each module contains a multi-wire proportional chamber (R®Y for electron tracking, a Mott
foil (1-2 um Pb) for electron polarization analysis, and a scintildtodoscope for the electron to-
tal energy measurement. Two kinds of events were recordigk iexperiment: single track events
(only one reconstructed track segment on the hit scirdgillaide, used for a precise neutron beam
polarization measurement) and V-track candidates: ewdttigwo reconstructed segments on one
side and one segment accompanied by a scintillator hit ongpesite side (red in Fig. 1). Using
the V-track rate asymmetry for opposite beam polarizatiates as a function of the angle between
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Figurel: Schematic top view of the experimental setup.

the decay plane (defined by neutron polarization and ele@nsission momentum) and the scat-
tering plane (defined by electron momenta before and afégtesing) this apparatus allows for the
simultaneous measurement of both transverse componetiis efectron polarization, providing
access to both the real and imaginary parts of the scalarasadit couplings.

The reported result [3] comprises independent analysiserite with full geometrical infor-
mation taken in four data collection periods. Specifiedqumifeature different basic conditions
like beam polarization, Mott foil thickness and acquireatistics (see Table 1). However, the real
brake-through achieved between 2004 and 2006 followed Bobstantial improvements of the
detector performance and event trigger electronics.

Table 1: Summary of results obtained in all data collection perio8tatistical and systematic uncertain-
ties follow the experimental values.represents the total, background corrected number of bbatttered
eventsP is the average neutron beam polarization Blggl is the SM value of thé\ coefficient. Results of
two independeni extraction procedures are given [3].

Run n Px 107 Ngyx 10 Ngrx10° Nx10° Rx103

2003 19000 80:B1.3t1.6 TH1 110£108+27 82+97+31 -89+143+38

2004 74000 4420.4+15 68t1 144+92+15 70£86+17 -11A4140+26

2006 312000 804€81.0+1.5 68t1 TH3247 86+30+8 -11+4249

2007 1747000 7740.2+0.7 68t1 54+12+5 51+12+6 12+1646

Total 2152000 591144 56+11+5 8+15+5

This is the first determination of tHe correlation coefficient in neutron beta decay, while the
N coefficient has not been ever addressed experimentallyebdfoFig. 2 the obtained results have
been plotted onto exclusion plots containing all experitakimformation available from neutron
and nuclear beta decays [4]. Shown are normalized scalaeasdr coupling constan&= (Cs+
Cg)/Cv andT = (Cr 4+ Ct)/Ca. Although the present accuracy of the determination ofNhe
coefficient does not improve the already strong constraintghe real part of the couplings (left
panel), the obtained result is consistent with the existiata and, in addition, adds confidence
to the validity of the extraction dR. The new experimental value of tiiecorrelation coefficient
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significantly constrains scalar couplings beyond the 8rfiom all previous measurements (right
panel). The result is consistent with the SM and the Time Rayénvariance.
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Figure 2: Experimental bounds on the scalar vs. tensor normalizeplicms. The grey areas represent the
information available before, while the lines represeamtlthits resulting from the present experiment [3].
1-, 2- and 3- sigma confidence levels are indicated by deiaghse thickness and intensity of grey areas.

No further data taking is planned with the detector setugered above. However, some
improvement of the final limits can still be achieved by as@yof an event class neglected so
far. As shown by the preliminary analysis, especially ies¢ing are the events with scattering
vertex reduced to only one segment in horizontal projectammpliant with electrons scattered
almost within the vertical plane. The slightly inferior dityaof such events, caused by the lack
of important matching parameters, is fully compensatedhieyr thigher average sensitivity to the
R correlation coefficient. Several additional factors emtirag the significance of those events
(horizontal beam location, better positional resolutidMWPC in vertical projection and much
lower double track resolution in horizontal direction) baspposite influence on events scattered
close to the horizontal plane, thus reducing the expecidtio a possible improvement of thé
correlation coefficient.
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