SPIN OPTICS technische universitat
LABORATORY dortmund

Subsecond nuclear spin dynamics in n-GaAs

M. S. Kuznetsova,:%™ P.S. Sokolov,3 2 M.Yu. Petrov,2 K.V. Kavokin, 2 S. Yu. Verbin,11. Ya. Gerlovin,2
D.R. Yakovlev,>* and M. Bayer3*
ISaint Petersburg State University, 199034 St. Petersburg, Russia
°Spin Optics Laboratory, Saint Petersburg State University, 198504 St. Petersburg, Russia
3Experimentelle Physik 2, TechnischeUniversitéit Dortmund, D-44221 Dortmund, Germany
“loffe Institute, Russian Academy of Sciences, 194021 St. Petersburg, Russia

(] [ I I I I I I I I I I I I I I I I ?
Introduction Experimental setup ; ; E —isuev DX Dy ' -
We use time-resolved detection of the Hanle D, = co  ‘cross l l el ©
. . . C -
effect and polarized photoluminescence with dark loo + 100 = s ‘ PV
intervals to investigate the buildup and decay of _ £ i AT H4s
the spin polarization of nuclei interacting with NG z 1,2
donor-bound electrons in n-doped GaAs. Strong — N 'l g T
1 1 1 MK 1 View M3-4{periscope e X - 4. 12
hyperfine coupling defines the millisecond time e eriscope) | 3 R - AX I o]
. . . flight) e = < M2 exc
scale of the spin dynamics of these nuclei, as ‘ “ £ l 1!
L . . . Twao channel a2 P >y :: :r ?;If:'l.l;é,_;j_ e ]
distinct from the nuclei far from impurity centers, hoto counter Mﬂ:F—E.@ R\ et op 01T o R S ————— s )
haracterized by a thousand times longer spin- enst200mm ©  |on M7 © T e 203 ' 1213 52 1923
C arac-erlze. y | . g | p i | [E all =\ Energy (6V)
relaxation time. The dynamics of spin polarization | I I I ﬂ
and relaxation attributed to the nuclei inside the - \)m!phmgm Len5f=;;-’;mm -’ The PL spectrum of n_doped GaAs measured at
donor orbit is observed on the time scale from 200 ot intensty \ E B = 0 (solid line) and the spectral dependence
to 425 ms. of the PL circular polarization degree (crosses).
Spin relaxation times of localized electrons Spin relaxation time of the bulk nuclei
¥ O P_=35mW ¥ B m+oml B.=0 (a)
- O P =15mW .&:{1 Smin |
§ _/> f}_h_—hnw | r' L o L _ ) ] ) pumping i
e A X Time dependence of the PL circular polarization B =05+005mT
- = degree after demagnetization from the 50
=T =T longitudinal B, = +2 mT (blue curve) and B, = _ i (b)
= 2 Z . . g i
—2 mT (red curve) fields in a small transverse 9 - ; T =42K
T g T L M| magnetic field B, = 0.5 + 0.05 mT and its fitting ~ m by Fo ™o mW
v | | P (mW) (solid lines) with equation: ° ) Ui e
— %0 s 10 15 20 25 S R
PC}{C(mW) Q‘U
Dependence of B, (squares) 4 2171 6 -
i i ] i : B, + By(t=0)e /Tbulk)
The Hanle curves of Dy line  and its linear fit (line). Inset P 1+( xR »

d for fast polarization sh th depend i B1 i (7 S By =0 =28 1y, =90
measured for P shows the power dependence /o _ A SABL B =0)=+17mT, T, =120
modulation f_,=50kHzat  of the electron spin lifetime gl A
various pumping powers. (circles) h oo 0020 00 A0

T, = t (s)
ﬂggeBl/7
Fast nuclear spin pumping dynamics Nuclear spin relaxation mediated by the hyperfine interaction with donor
T =18 bound electrons in the absence of illumination
— > -
~ E F' = PEM gate (@) Schematic  of  the
. At D US - )
% 11 C measurement protocol. r a) Time dependence the
<—> (a) _
DL p. In the presence of
ool pv— . _ circularly polarized pump.
E 108 650 7M (b) Hanle curves corresponding
) /y\“ ssoms| 5507 to the gated detection in the time . .
X /"\. j"-{\ \ intervals shown in panel (a). 400 600
0 1 — T T T — T T T T T T 1 (P) Time (ms)
. T 25
_ of () A\ (®) T =5K _
= - n
g 10 (c) Magnitude of the Overhauser al: (b) The Overhauser field
&£ field, By,, extracted from fitting Ehs 0 s values calculated for
i ~ n — ms 1 -
T Ty 425550 ms the Hanle curves FI0F W different dark time
0 l(I)O | 200 | S(I}O | 4(|}0 | 500 | 6(I}O | 7(|}0 | S(I}O | 900 | 1000 53_ Inter\/-als evaluated USIng
L {fats) - equation
S,(B) =S, +S;.1 (b) %0 200 400 600 800 1000 1200
(B, + By,)? (B, + Byy)? 1 4 ot £ aric (MS)
= SZ (O) Z : Z 4+ SZ (O) X ; X s ! | L > ¢
BZ BZ 1 _I_ BZ . 0 O'STmod Tmod pO — pdark
B% N B =B +B +B, By = B1 _ — B2+BZ2
2 2 2 1/ 2 - gy & B.*8, /2 Pdark — Po sin® 0 g
By = (BZ + BNZ) + (Bx + BNx) N
S, (t =0.0.5T, )\ |
BZ Bx . BN ( Tmod)
Bnx = 23,52 Brno(t) B, T8 7] B, 118, B,
Z X
Bz YSO(r :0.5..1Tm0d)
Bz = =572 Bno(t) ByOST0) See PRB 99, 075307 (2019); PRB 96, 205205 (2017).
Z X

Conclusion: The nuclear spin dynamics has been experimentally studied in n-GaAs with donor concentration np =4 x 10> cm~ by measuring the Hanle effect with
millisecond time resolution under time-varying optical pumping. Two time-scales of nuclear buildup and relaxation have been observed. One of them is slow T, = 102 S
(on the order of hundreds of seconds) relaxation of bulk nuclel via spin diffusion from (buildup) or to (relaxation) donor centers. At the same time, a faster dynamics Is
observed on the time scale from 200 to 425 ms, which is attributed to the spin dynamics of nuclel inside the donor orbit. It means that the charged donor centers play the
role of the "killer" centers for the spatially distributed nuclear spin.
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