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It has been suggested by many authors (1) that a possible violation of T-invariance
in the electromagnetic interactions of hadrons can be detected by a measurement of
the recoil deuteron polarization in electron-deuteron elastic scattering. In fact, if
T-reversal invariance is assumed: for the matrix element of the electromagnetic current
{in' the one-photon exchange approximation), the vector polarization of the recoil
deuteron must be zero if the initial state is unpolarized.

However, in a recent paper (3), RAMACHANDRAN sug-
gested that an effect of polarization can be present also in
the absence of a- T.violating electromagnetic interaction
if a phase between the § and D states of the deuteron is
present. )

In this note we show, in the impulse approximation,
that time-reversal invariance in the electromagnetic tran-
sition of the deuteron implies that the phase is 0° at 180°
so that there is no discrepancy between the result of ref. ()
and the general conclusion obtained from ILorentz-inva-
riance requirement on the electromagnetic vertex of a
spin-one particle.

Following the notations of GoUurDIN () we write for the electromagnetic transition
of the deuteron (see Fig. 1) the following expression:

(1 Qm'm= A {m/lexp [iqr/2]jm} + B,{m'|exp [iqr/2]8,jm> = Q5™+ @7,

where m’, m are the deuteron helicities, the functions 4, B; are functions of ¢? and of
the spin of the electrons but they do not depend on the spin of the deuteron. The matrix
elements in (1) are radial integrals involving the wave function of the deuteron and
8,= 834 8% is the deuteron spin operator.

(1) I. XoBZAREV, L. B. ORUN and M. V., TERENTOV: JETP Leit., 2, 289 (1965); V. M., DUBOVIK
and A. A. CHESHKOV: Sov. Phys. JETP, 24, 111 (1967); V. M. DUBOVIK, E. P. LITHTMAN and A. A.
CHESHEOV: Sov. Phys. JETP, 25, 464 (1967).

() G. RAMACHANDRAN: Phys. Rev. Lett., 22, 794 (1969),

(3) M. GOURDIN: Diffusion. des électrons de haule énergie (Paris, 1966).
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The deuteron wave function can be writteh as

() yw(r) = (10, mO|1m) g Yoo(0, @) ue(ry +

+ 2: (123 M _mllllm’) Xml :Yzwhm’(e: ‘p) /’1’2(7') = an + TI)Z s
my

where (JyJy, myms|Jm, + my) are the usual Clebsch-Gordan coefficients of SU,, the ¥,
functions are spherical harmonies, wuy(r), us(r) are the radial wave functions of the §
and D states and y,, is the spinor associated to the triplet state. In terms of this wave
function we have

(3) "= A[ (v, exp [igr/2]yy,) + (vo, exp [igr/2]yn) + .

+ (W> exp Ligri2]lyn) + (vo, exp [igr/2]ys)]

where (%)

(v, exp [iqr/2]yg) = Sen(10, mO]lm)z‘J 72 |ug(#) |2, (%) dr,

(s exp [igr/2]yn) = 0,0, 22, 00]00] (10, m0|1m)(12, mO|1m)-

* qr
NP2 ug () ug () I, 0 dr,

(4) (wmrs exp [igr/2]yy) = 6,0, 20, 00[20](10, mO|1m)(12, m0|1m)-

* qr
J r2ug(r)uy (1) Jy (— dr,

(vmes exp [igqr/21yn) = Oy D, rzluz(r)l%(%) dr-

1=0,2.4

> [12, om— my|2m — my | (12, mym — my|1m)?
my

and similarly for the vector term:
N

(B) Qv "= B;[(yh, exp [igr/2]8,y5) -+ (vh, exp [igr/2]18,vh) +

+ (vas exp [iqr/218,wy) + (v s exp [igr/2] S, vin)] .

(*) We use the following definition:

1J1 T, My M| Iy + ms] = a(JlJszlmZ)(JIJZ: OO]JO)(Jng, My M) (T + M)

where

1 2 (2J,+ 12T, + 1) (J1r—m) 1/ T — ma)! 71/ (T +my + my)!
a(J o Jmom,) = — |/ ~ ] = .
4 13 2J + 1 (J1+ m)! (Js + me)! (J = my— my)!
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with (%)
(5., exp [igr/2]18, yy,) = O(m' m|J)(10, m,()]lm)zfrzluo(r),[zJo (%) dr,
(5, exp [igr/218,y5,) = C(m'm|T)[22, 00/00](10, m’ O{1m!)-
(12, mO]lm)fﬂuz‘(%) Ug(#) (%) dr,
(6) (w» exp [igr/2]1 8, v5,) = O(m'm|J)[20, 00]20](10, m0|1m)-

(12, m’O]lm’)fyzuo(T)u’g(r)Jz (%) dr,

(vh, exp [igr/218,v0) =Y. O(m, m'—m +my|J) > [12, 0m—m|2m —m,] -

my 1=0,2,4

(12, mym — my|Im) (12, m’—m + m, m——mll'lm’)f¢2|u2(r)|2Jl (gg) dr.

From these expressions we see that only the real part of the photon wave function
exp [iqr/2] gives contribution to the transition.
Time-reversal invariance implies that

(7) A(Wm" exp [“1"/21 me) = A*(TWMH eXp [“]"/2] T"/}m)* = A*(Wm'5 exXp ['Lqr/z] I/’m)* »

(8) By(ww exp [iqr/218,v,) = By Ty, exp [iqr/2) 8; Ty,)* =

= _lek(‘wm” €Xp [“1"/2] SJ Wm)* H
where the T-reversal operation on the triplet spinor is defined as
(9) TXm: (O‘E@O‘;) Im= =L)"Y
We observe from equations (4) that the matrix element (v, exp [igr/2] V) is real,
so -equation (7) reduces to the condition 4 = 4* and does not.say anything about the

phase between the S and D states. However equation (8) implies B;=— B} (this is
obtained for m = m') and the condition

. qr
(10) sin 6(7‘)]u0(7)u2(r)|J2(—2—) r2dr = 0.

This is just sin 8y, according to the definition in the Ramachandran work (%) where
the «transition form factors» are defined as

(11) Fih(g?) = f w, (M) ug(r) I, (%) r2dr

We put C(m' m|J) = (rmr, 85 Zm)- .
. RAMACHANDRAN: Nucl. Phys., 2B, 565 (1967).
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and the phase between the § and D states

Y —F5Y)  fsin-o(r) jug(r) ua(r) [ a(qr2)r* dr

(12) #8000 = "m0 TFR = Teon 600 uor) yr) algr/2) P

Then, since the. recoil deuteron polarization (?) is proportional ‘to tg.dgp, we conclude
~ that the presence of the vector polarization already implies a T-violation in the electro-
miagnetic transition.

% %k %

We thank Prof. A. Reare for having suggested the problem.

8... FERRARA, et al.

4 Tuglio 1970
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