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1. Introduction

Symmetries associated with the inversion of the space (P) and time (T) are importa
understanding the properties of fundamental interactions. T-odddRdftects arise in the Stan-
dard Model via CP violating phase in Cabibbo-Kobayashi-Maskawa matdxtee QCDB-term.
Fundamental time-reversal-noninvariant parity-conserving (T-oddd®) flavor-conserving inter-
actions do not arise in the Standard Model but can be generated bycaeagtions to T-odd P-odd
interactions. In such a case the relative strength of the T-odd P-ewdgandorce with respect to
the T-even P-even one is too small (the ratio of the corresponding matrixeieiser ~ 2 x 10°°
[1]) and cannot be detected in present experiments. However, mygr latensity of TVPC in-
teraction is not excluded if this interaction is the low energy limit of some unkniotemaction
beyond the Standard Model [2].

T-violating P-conserving (TVPC) interactions between nucleons in terrhesin exchanges
were considered in Ref. [3] where it was found that this interaction tsiceed to partial waves
with total angular momenturd > 1; thus, the (pseudo)scalar, o-exchanges do not contribute.
The lowest mass meson allowed is jreneson. The TVPC NN-interaction potential for the
meson exchange

Vi =i 5" )t (e xa]- (01— 0) (1Y)
P Zmﬁl Zn%+q2

is the C-odd one. This interaction cannot contribute taher pp systems because it contains the
nucleon-nucleon isovector charge exchange opefafor To), = 2i (1,1, — 1, 7, ). In Eq. (1.1)

p (p) is the initial (final) cms momentuny = p — p’, g; ( 1) is the Pauli spin (isospin) matrix,
my andm, are the masses of the nucleon gmaneson, respectivel\g, (g, ) is the ordinary
(TVPC) coupling constant of the-meson and nucleorx is the anomalous magnetic moment of
the nucleon. The-meson is expected to dominate the TVPC NN interaction likertimmeson

in the strong interaction. If the-meson does not contribute for some reasons, then the taxial
meson is expected to dominate. However, due to larger mass bf theson fy, = 1.17 GeV) its
contribution is of short-range type and, consequently, is less importantodNN-repulsive core
at short distances between nucleons. One should note that the mast géneture of the TVPC
NN-potential contains 18 different terms [4].

Direct measurements and indirect estimation of the upper limit on TVPC-effeetshe fol-
lowing results. Test of the detailed balance, the direct reaéfia{p, a)>*Mg and inverted reac-
tion >*Mg(a, p)?’Al gave the overall experimental agreement uncertadinty( ggir — Giny) / (Odir +
oinv) <5.1x 10-3[5]. Numerous statistical analysis of corresponding data including nucleagyen
level fluctuations [6] gaverr < 2 x 103, Experimental study of polarized neutrgransmission
through aligned®Ho nuclei [7] gavear < 7.1x 10~ (or g, < 5.9 x 10~2). Elastic scattering of
polarized protons on neutror® and polarized neutrons on protorg gavear < 8x 107° (or
Jp < 6.7 x 10~%). Model-dependent analysis of T-odd P-even effects based aimepéxperimen-
tal estimations of the upper limit of the electric dipole moment (EDM) of the neutndnaéoms
givesar < 1.1x107° (or gp < 103) [8]. However, as shown in Ref. [9] for some scenarios of
EDM there are no constraints for TVPC effects. The aim of the doubleipethpd-transmission
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experiment at COSY [10] is to improve the direct upper bound on TVP&:&ffobtained in [7] by
one order of magnitude.

2. Formalism

The total number of transition amplitudes jod elastic scattering is 36. The P-parity conser-
vation constraint leads to 18 independent amplitudes. The T-invariaqagement forpd — pd
leads to 12 independent amplitudes. The transition matrix elelgrt< p’A’|M|uA > taken be-
tween definite initialuA > and final|u’A’ > spin states involves the following transition operator
[11]

M = (A1 +A20R) + (Az+ Asa1)(SA)? + (As -+ AsON) (SA)? + A (ok (2.1)
) (

Ag(0G)[(SG)(SN) + (SN)(SA)] + (A9 + A1001) (SN) + Aqa (O
Asz(0k) [(Sk)(SA) +

(Tas+ Traof) [(SK)(SG) + (SA)(SK)] + Tas(0G) (SK) + Tas(0
To7(0k) [(S0)(SA) + (SA)(SA)] + Tas(a) [(Sk)(SA) +

whereSis the spin-1 angular momentum operais the Pauli matrixang§ = (p—p’)/|(p—p’)|

k= (p+p’)/|(p+p")|, A= [k x g are unit vectors representing the directions of coordinate frame
axes:OX 11 q, OZ 11 k, OY 11 n. In Eq. (2.1)A; + A1» are T-even P-even amplitudes [12] and
T13+Tigare TVPC amplitudes. Using those amplitudes we can obtain full set of spénvaiixes.
The polarized elastic differential pd cross section can be written as [13]

do do 3 1
<dQ> . = (dQ>0 [1+2pfpidcj7i —|—§P|inj +...0, (2.2)

where (lo/dQ)o is the unpolarized cross sectioh,= TrMgiM* /TrMM™ andA;; are analyzing
powersC;j = TrMSo;M* /TrMM*, Gjj x = TrMS,akMJF/TrMM+ are spin correlation parame-
ters and('(d — p) =TrM§M*a;/TrMM™, Ki(p — d) = TrMo;M*§ /TrMM™, K! i(p—p) =
TrMajM+ai/TrMM+, K} (d—d)= TrMS,M*S/TrMMJr are spin-transfer coefﬂmentp] (%)
is the vector polarization of the proton (deuteroR),is the tensor polarization of the deuteron;
i,j=%XYy,2

In general case the forward elasfid scattering amplitude contains four independent ampli-
tudes if only T-even P-even interactions are included [14] and one mwneifehe TVPC interac-
tion occurs [15]. Using the generalized optical theorem one can findhtbaodtalpd cross section
for the case of strong and TVPC interactions has a form [15, 16, 17]

o=00+01pP-p+o2(pP-k)(p? k) + 03Pz + T PfPe, (2.3)

the first four terms are P-even T-even and the last one is T-odd P-&hercross sectiod is the
null-test signal for TVPC effects [18]. This observable is zero if TMRtEraction is absent, and is
non-zero only in opposite case.

The TVPCpN scattering amplitude studied in Ref. [19] is the following

ton = hn[(0-K)(on-q) + (On-k)(0-q)

—%(on-0)(k-q)+
3
+on[0 x O] - [a x K] +gh (T —an)-i[qx (2.4)

][rer] 2
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wherek = p+p’. Hereg'- term corresponds to the-meson exchange (1.1) aheterm presents
the axialhy meson exchange.

The pd elastic scattering within the Glauber model is described by the following transition
operator

1 1
M(q.s) = exp(5iqs)Mpp(q) + exp(—5ias)Mpn(q) + (2.5)
[ .
+5rs | €XPA'S) Mp(da)Min(d2) + p < o
with on-shell elastic T-even P-even pN scattering amplitudes [12]

Mpn(P, G O, 0N) = Ay +Cnoi +CLonA + By (ok) (onk) + (2.6)
+(GN +HN)(GQ)(GNQ) + (GN — HN)(O'ﬁ)(O'Nﬁ).

If T-invariance takes the plac@iz = Ti4 = Tis = Tig = T17 = T1g = 0), then the following
relations are valid fopd-elastic spin observables [13]

A} =P, Aj =P, (2.7)
KZ(P— P) = —KX(P— P),
KE(p— d) = —KX(d — p),
KZ(d — p) = —KX(p— d),

whereA{,’ (Ag) is the vector analyzing power for the proton (deuteron)la?](Pd) is the polarization

of the final proton (deuteron) in the case of unpolarized all initial particlée relations (2.7) are
violated if the T-odd interaction is included. We estimated the magnitudes of violatitrese
relations for the case of TVPC interaction given in Eq. (2.4) in the singligestay approximation

, i.e. for the first two terms in thed interaction operator (2.5). Within this approximation tiie
term gives zero contribution, because the matrix elements of isospin apfenatiois non-charge-
exchange transitions are zero. Theand g-terms give non-zero contribution due to non-zero
amplitudesT;s and Ty given in Ref. [11]

3. Resaults

The numerical results are obtained for the Cd Bonn deuteron wave farjeé). The pn
scattering amplitudes (2.6) are taken from the SAID data base [21]. Tipdicg constants entering
theh- andg- factors are unknown. Therefore, the estimations of TVPC effects d@me in terms of
this unknown constants. Thus, for the axial mebgithis constant is the following dimensionless
ratio ¢h = On/9n, Whereg (gn) is the TVPS (ordinary) coupling constant of the meson and
nucleon. Since the energy dependence of all TVPC effects ferm is similar to that fog-term
we consider here only theterm.

The results of our calculations fpd — pd spin correlation coefficients at 135 MeV are shown
in Fig. 1. Some other results for differential cross section and analyzngs at 135 Mev and
250 MeV can be found in Ref. [15]. These results show the capabilityeofalauber model at
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Figure 1: Spin correlation coefficient€,,y (a), C,x (b), Cyy (c), Cxz (d) at 135 MeV versus the c.m.s.
scattering angle calculated within the modified Glauber ehgt5] without (dashed lines) and with (full)
Coulomb included in comparison with the data from [22].
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Figure2: The integrated TVPC cross section and maximal values ofiffezehtial TVPC signals calculated
for the h-term versus the unknown coupling constant of the axial mesa nucleor, = gn/gn: @) — the
ratio of the TVPC integrated cross sectigrio the integrated unpolarized cross sectipn(b) — |A§’ — Pyp|,
¢) —|KZ(p—d) +Ki(d — p)[, (d) =[KZ(p— p) + Ki(p— p)|-
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Figure 3: The TVPC cross section of the pd scattering for lthierm calculated in units of the unknown
coupling constant of the axial meson and nuclepe- gn/gn as a function of the beam energy.

100-250 MeV in case of pure strong interaction between nucleons. WalBodhat inclusion of
Coulomb effects improves agreement with the data in forward hemisphdrag1wvas found in
Faddeev calculations [23].

Therefore, the Glauber model with account of spin-dependenceecasdu as a theoretical
basis for calculation of TVPC effects jpd scattering. In Fig. 2 we show the results of calculation
of the ratiog /gy as a function of theg, constant. We show also tlig-dependence of the values
|AY — RP| and|K} + KZ|, taken at their maximal values in forward hemisphere. This values demon-
strate the deviation from the T-invariance relations given in Egs. (2.7Jwascéion of the constant
@. One can see that this dependence is linear for all observables usclesgion.

The energy dependence of the null-test observatfier the h-term is shown in Fig. 3. One
can see that beam energy about 100 MeV is more preferable to searthPC effects inpd
scattering than the: 1 GeV region.

At the beam energy of 135MeV we obtain for the integrated hadronis @estions defined
by Eq.(2.3) the following resultssp = 78.5mb,01 = 3.7mb, that gives the ratio= 01 /0p = 0.047.
The goal of TRIC experiment is to get the upper limit of TVPC effects at thel lef Ry < 1075,
whereRr = 0/0dy. For non-zero vector polarization of the deutepgrthe term connected witbi,
could lead to a false effect in measuremendofn order to suppress this effect one should assume
pgol/ﬁ ~ 107! that atRr < 107% andr = 0.047 leads to restriction on the vector polarization of
the deuterom§ aspj < 2x 10°[15].

4. Conclusion

The null-test TVPC observable, which is not affected by final state ictieres and does not
depend on dynamics assumptions, will be measured in double-polgdzechttering experiment
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[10] at 135 MeV. We show that the Glauber model at these energies ablogvio reasonably de-
scribe the differential cross section and spin observables opdhelastic scattering in forward
hemisphere. Therefore, using the generalized optical theorem oneeasonably estimate the
integrated total cross section including the null-test observable (in unitskofown coupling con-
stants of the TVPC NN interaction). The integrataticross sectionsy, 01, 02, 03 are calculated
that gives a definite restriction qnﬂ in the planned experiment. Relations between differential
observables caused by T-invariance are considered and their vidbgtiddPC effects is studied

in comparison with the null-test observable.
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