About Excitation of a Quadrupole Spin Echo
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For the first time the excitation of a quadrupole spin echo by a sequence of radio frequency pulses
with the filling frequenciesiq andwg + Awg is theoretically and experimentally considered, where
wq is the resonance frequency of the raised transitionfagghe offset within the half-width of
the NQR line. It is shown that in this case the amplitude of the observable signals does not depend
on the offset size, and the echoes appear at times which depend on the intervals between pulses,
on the raticdAwg/wq, and on the offset sign.

The experimental observation [1] and the theory [cho signal registration is carried out on the resonance
of aquadrupole spin echo assume a periodic influenfrequencywg.
of radiofrequency (r. f.) pulses on a sample containing | case of the first variant the echo signals are ob-

quadrupole nuclei, where the filling frequency is equala e d with the amplitudes
to the resonance frequency, of the raised transition

and where the echo registration occurs also at this
frequency' Eg)m_l = 2(1;)m7mflcl(xi)wm,mfl

In [3] a nuclear spin-system was experimentally . sinfw (t — )] @)
studied under the influence of r.f. pulses with the m,m—1 b
filling frequencywq + Awg, whereAwy, is the offset
within the limits of the NQR line half-width, and Wherety = (2 +Awy, m—1/Wm,m-1)71;
the registration of the response is performed for this
frequency too. @) o

In the present work the r.f. pulse sequences with ~ Lmm—1= 2L mm-12(2)0m,m—1 ?)
filling frequencies equal tay andwy + Aw, are - SiNfwp,m—1(t — t2)],
considered. The registration of the echo signals is
conducted on the resonance frequency. Ay 1 A1

. . . = (24 ==l + (1 + =2t 7y

Let us consider two (from many possible) variantd/neretz 2+ Do)+ (L )
of three-pulse excitation of the stimulated echo.

In the first variant the first radio frequency pulse is E® — (I’ 4
applied with the filling frequency:, and at the times mm—1 2( _w)m””*“(x’)“’”’m*l 3)
71 andr, the second and third radio frequency pulses - Sinfwy, m—1(t — t3)],
follow with the filling frequencywg + Awqg,.
_ Inthe second variant the first radio frequency pulsgneret, = Avmm1, 4 2(1 +demam=) 7.
is applied with the filling frequency, at the time Wm,m=1 Wm,m=1
71 the second pulse follows with the filling, +
Awqg, and at th_e timer; the third radio frequency Efi)m—l = 201 ) 16a(Z )1
pulse follows with the filling frequencyq - Awg. The ’ o ' (4)
size of Awy, is always the same. In both variants the - SiN[wy, m—1(t — ta)],
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wherety = (1 +82mm=t) ) 4 (1 4 Bmanct) 1.

Wi, m—1 Wmn,m—1

E7(75L),m71 = 2(1%) i m—105(2: )wim, m—1 5

. Sin[wmnnfl(t - t5)]7

Wherets = (2 +8mn=t) 7 4 9(1 + Bomanzi) 7

Wm m—1 Wm, m—1

In case of the second variant the echo signals
observed with the amplitudes

E7(7]L-),m71 = 2010 ) mym—161(25) Wi, m—1 ©)
. Sin[wmnnfl(t - tl)]7
Wheretl = (2 _ A:'m.m:ll)Tl _ 2Awwm.m:117_2;
Bs = 2mmaca@dommo o
- SiN[wom,m—1(t — t2)],
wheret, = (2 _ A[:‘yhny‘n)i—ll),rl + (1 _ AWW711‘7717—11)7_2;
E7(7::’,),m71 = 2(I;)m,m—lc3(‘ri)wm,m—l (8)
. Sin[wmnnfl(t - t3)]7
wherets = —7%“““1_*1171 + 21,
Bs 22 mmaca@domms o

- sinfwy,, m—1(t — ta)],

wherets = (1 — Awy im—1/Wim,m—1)T1 + 272;
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E(5)

m,m—1 = Z(I;)m,m—lcS(xi)wm,m—l

(10)
+ SN[, m—1(t — ts)],

wherets = (2 — Awm,mfl/wm,mfl)’rl + 271o.
Here (), m—1 is the operator matrix element of
the operatot, in the quadrupole hamiltonian repre-

apgntatiortty, c;(z;) are trigonometrical functions of

the flip angles of the radiofrequency pulses, ., —1 is

the resonance frequency, of the raised transition,
Aw,, -1 the offset from the resonance frequency
within the limits of the NOR line half-widthr;, and

75 are the time intervals between the exited pulses,
andm is the magnetic quantum number.

Such three-pulse excitations have the property that
the signal amplitudes practically do not depend on
the offset size. The signal sites depend on the time
intervalst; andr; (as in [1, 2]) between the exited
pulses, and in addition on the ra\@, , ., —1/wWm,m—1
and on the offset sign.

At Aw,, .,—1 — O we receive the expressions (1) -
(10) for the amplitudes and the echo signals sites as
presented in [2].

The experimental observation has been carried out
with a multifrequency pulse NQR spectrometer on
83Cu in Y,Ba,Cu,0, 4 (d > 0), the resonance fre-
quency being 31.12 MHZT(= 297 K). The width of
this NQR line is ca. 200 kHz. It is necessary for the
offset size to be established within less than 100 kHz.
At large values ofr; and 7,, shifts are observed
in the echo signal sites (with respect to Hahn type
signals).
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