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Time-resolved magnetization-induced second-harmonic generation from the Ni„110… surface

H. Regensburger, R. Vollmer, and J. Kirschner
Max-Planck-Institut fu¨r Mikrostrukturphysik, Weinberg 2, D-06120 Halle/Saale, Germany

~Received 5 November 1999!

Relaxation processes on the picosecond and subpicosecond time scale after optical excitation have been
studied by time-resolved magnetization-induced second-harmonic generation from ferromagnetic nickel. A fast
drop of the second-harmonic intensity and the Kerr-signal within 300 fs after optical excitation has been
observed which is followed by a partial recovery within a few picoseconds. We show that the fast initial drop
cannot be unambiguously attributed to an ultrafast decrease of the magnetization.
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I. INTRODUCTION

The investigation of ultrafast magnetization dynamics h
attracted much attention in recent years. The spin relaxa
time, defined as the time elapsed until the direction of
spin is restored to the original direction after a~small! per-
turbation from the equilibrium direction, is of the order
about 100 ps to several ns as determined from the linew
of spectroscopic measurements such as ferromagnetic
nance or Brillouin light scattering. Recently, this relaxati
process has been observed directly in the time domain
several groups by measuring time-resolved magneto-op
Kerr effect ~MOKE! ~Refs. 1–3! or magnetization-induced
second-harmonic generation~MSHG! ~Ref. 4! after an ul-
trashort magnetic field pulse. Juet al.3 measured the time
dependence of MOKE from a ferromagnetic Ni layer on
NiO antiferromagnet after thermal depinning of the ferr
magnetic layer by a preceding pump pulse in a reversed
field. In all cases the time dependence of the Kerr sig
could be well described by the usual Landau-Lifschitz eq
tion with a characteristic oscillation frequency in good agr
ment with the spin wave frequencies known from spect
scopic measurements. The decay time of this oscillatio
the spin-lattice relaxation time. Also the domain pattern o
Co/Pt film obtained after a strong transverse magnetic fi
pulse of'4 ps duration was in quantitative agreement w
the above model.5

In 1991 Vaterlauset al. found a rapid decay~within 100
ps! of the spin polarization of photoelectrons emitted from
gadolinium sample after a thermal excitation by a la
pulse.6 This decay time was also interpreted as the sp
lattice relaxation time. However, by using time-resolv
MOKE in 1996 Beaurepaireet al. found a drop of the tran-
sient Kerr signal within the time resolution of the experime
of less than 2 ps.7 The signal partially recovered within a few
ps. A similar behavior has been found since then by tim
resolved MOKE~Refs. 8,9! and MSHG.10–12 A decay time
of less than 30 fs was observed.11 The almost instantaneou
decay of the Kerr-signal was interpreted as an ultrafast
magnetization. Clearly, at such a short time scale this pro
cannot be caused by spin-lattice relaxation as those obse
tions described in Refs. 1–4 cited in the first paragraph
must be of purely electronic origin. A theoretical model d
scribing the time-dependent magneto-optical response on
fs time scale has been presented recently.13,14
PRB 610163-1829/2000/61~21!/14716~7!/$15.00
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A similar effect has been observed in the two-photon p
toemission from thin Ni films.15 The spin polarization of the
photoelectrons dropped within 1 ps to a lower value. Ho
ever, a second drop at much later times of about 500 ps
observed, which was not detected in the Kerr measurem
mentioned above. The authors interpreted the first fast d
to be caused by the creation of Stoner excitation while
latter was assigned to the excitation of spin waves. Note
difference in interpretation to the Kerr measurements:
long as the excited electrons do not leave the crystal a
Ref. 15 spin-flipe-e scattering does not reduce the total sp
polarization of the system and consequently the magnet
tion remains largely unaffected.~Only the weak probability
of creation of Stoner excitations by the light during the pum
pulse would reduce the magnetization.!

In this paper we focus on the time resolved MSHG me
surements. We show that in the sub-ps time scale the m
netization induced part of the second-harmonic~SH! re-
sponse is strongly affected by electronic changes induced
the preceding pump light pulse making it difficult to extra
any information about the magnetization on this time sca
The remainder of the paper is organized as follows. Afte
short description of the experimental setup in Sec. II, in S
III we briefly discuss the symmetry properties of the nonl
ear second order susceptibility tensor and its relation to
measured quantities. In Sec. IV we present our time-reso
MSHG data and describe them by a phenomenological t
temperature model assuming an explicit~linear! temperature
dependence of the magneticas well as the nonmagneticten-
sor elements of the nonlinear susceptibility. In Sec. V
compare this description with those used in the literature
conclude in Sec. VI that the Kerr measurements donot prove
any ultrafast demagnetization on the sub-ps time scale.

II. EXPERIMENT

For the measurements a commercial Ti:sapphire regen
tive laser amplifier which generates 150 fs pulses at a ce
wavelength of 800 nm with a repetition rate of 5 kHz w
used. The laser beam was split into a pump and a probe b
by a beam splitter. The fluence of the probe beam was ab
6 mJ/cm2 in all measurements. In a computer controll
delay line the probe pulse could be variably delayed w
respect to the pump pulse. Al/2 plate followed by a polar-
izer allowed the variation of the pump fluence up
14 716 ©2000 The American Physical Society
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8.1 mJ/cm2. The polarization of the probe beam was co
trolled by al/2 plate. Dichroic filters blocked any secon
harmonic~SH! light generated in the incident beam path
the probe beam. For a more stable and homogeneous ill
nation of the sample spot hit by the probe beam the s
diameter of the pump beam was larger~1.2 mm! than that of
the probe beam~0.8 mm!. Because we detect the SH light th
effective SH spot diameter was only 0.4 mm due to
Gaussian shape of the light pulses. The angle of incide
was 45° for the probe beam and 33.5° for the pump be
After reflection from the sample the pump beam w
blocked. The SH light generated by the probe pulse w
separated from the fundamental light by interference filt
and a colored glass filter~Schott BG39, 5 mm thick! and
detected by a photomultiplier using boxcar integration. Z
time delay was determined by the maximum of the cr
correlation signal. The detection unit was rotated by 5.8°
the optical plane about the sample for this purpose.

The sample was a Ni~110! single crystal, tempered in H2
atmosphere after polishing. All measurements were p
formed in air at room temperature. During the measureme
a magnetic field was applied along one of the^111& easy
axes in the surface plane to keep the~static! magnetization of
the sample at saturation. The sample was mounted betw
the poles of the yoke of a small electro magnet. Both yo
and crystal could be rotated about the surface normal. M
surements with the optical plane parallel~longitudinal Kerr
geometry! and perpendicular~transverse Kerr geometry! to
the direction of the magnetic field were realized by rotat
of the yoke together with the crystal by 90°. For measu
ments in the longitudinal geometry a polarizer was placed
the outgoing path of the probe beam.

III. SYMMETRY PROPERTIES OF THE NONLINEAR
SUSCEPTIBILITY

In the electric dipole approximation the nonlinear pola
ization P(2v) can be written as

Pi~2v!5x i jk
(2)Ej~v!Ek~v!,

x i jk
(2) is the second-order optical susceptibility tensor a

E(v) the electric field amplitude of the incident light. Due
the low symmetry of the system in our case all elements
x i jk

(2) contribute. However, the 180° rotation about the surfa
normal is equivalent to a magnetization reversal. The p
ence of such a symmetry operation allows us to classify
tensor elements as being even~nonmagnetic tensor elemen!
or odd~magnetic tensor element! under magnetization rever
sal. For a fixed geometry all contributing tensor elements
be combined into one effective magnetic tensor elementxm
and one nonmagnetic tensor elementxnm. While xnm is in-
dependent ofM, xm is proportional to M in the first
approximation.16 The observed magneto-optical effects a
similar to those in the linear reflected light. For the magn
tization in the optical plane a change in the polarization s
is observed while for the magnetization perpendicular to
optical plane a change in the SH intensity upon magnet
tion reversal is observed. The measured SH intensities
opposite magnetization directionsI ↑ and I ↓ , are given by
-
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I ↑↓5uxnm
(2)6xm

(2)eifu2. From I ↑ and I ↓ the average SH inten
sity I ave and the SH asymmetryA are calculated:

I ave5
I ↑1I ↓

2
A5

I ↑2I ↓
I ↑1I ↓

. ~1!

In Fig. 1 I ave andA are plotted as a function of the polariza
tion of the incident light for the transverse Kerr geomet
Because of the low symmetry of the system the curves
not symmetric with respect to thes or p polarization. Note,
that for p-polarized incident light the SH asymmetry has t
opposite sign (1) compared to that fors-polarized incident
light (2). Different tensor elements ofx i jk

(2) , which may dif-
fer in amplitude and phase contribute to the SH intensity
the two polarization directions of the incident light and le
to the observed difference in sign.

For not too large asymmetryuAu&0.3 as it is the case fo
all data presented in this paper, the relation ofI ave andA to
the effective tensor elementsxnm andxm can be written ap-
proximately~with an error of less than 2%!

I ave}~xnm!2 and A'2
uxmu
uxnmu

cosf ~2!

with f the complex phase betweenxm and xnm. Thus, the
time dependence ofI ave(Dt) after the pump pulse reflect
solely the temporal evolution ofxnm, while A(Dt) is gov-
erned by both,xm andxnm ~see below!. The time dependence
of xnm in A(Dt) cannot be neglecteda priori but must be
checked for each individual case.

IV. RESULTS

Our results of the pump-probe experiment in the tra
verse Kerr geometry forp-polarized incident light are shown

FIG. 1. ~a! Second harmonic~SH! intensities for opposite mag
netization directions and~b! SH asymmetryA vs polarization of the
incident light measured in transverse geometry. The Ni~110! sample

was magnetized to saturation along the@11̄1# easy axis perpendicu
lar to the optical axis. The lines are fitted to the data using
theoretical expression from asymmetry analysis.
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14 718 PRB 61H. REGENSBURGER, R. VOLLMER, AND J. KIRSCHNER
in Fig. 2. The average intensityI ave and the asymmetryA are
plotted versus the delay timeDt for pump fluences betwee
1.8 and 7.1 mJ/cm2. The shapes of both curvesI ave(Dt) and
A(Dt) are very similar for all pump fluences: a fast drop to
minimum at 300 fs and a relaxation within a few ps.I ave(Dt)
andA(Dt) scale linearly with the applied pump fluence. Th
is shown in Fig. 3 whereI ave and A are plotted against the
fluence of the pump beam for a fixed delay time of 0.3
~open circles! and 3 ps~solid circles! after optical excitation.
The observed linear dependence is in agreement with w
was found by other authors.10

We observed a drop toA50 already for a pump fluenc
of 1.8 mJ/cm2 and anegative Afor higher fluences. Obvi-
ously, the observed sign change atDt&100 fs cannot be
attributed to a reversal of the magnetization caused by

FIG. 2. ~a! SH asymmetryA and ~b! average SH intensityI ave

measured in transverse Kerr geometry withp-polarized incident
light, as functions of the delay timeDt for various pump fluences
~solid lines are guidelines to the eye!.

FIG. 3. ~a! SH asymmetryA and ~b! average SH intensityI ave

for a delay timeDt of 0.3 ps~solid circles! and 3 ps~open circles!
after optical excitation as a function of the pump fluence.
s

at

e

magnetic field of the pump pulse. As it is already clear fro
not time-resolved measurements such sign changes of
nonlinear Kerr asymmetry as a function of an externally co
trolled parameter~other than the external magnetic field!
such as thickness of a cover layer,17–19 temperature,20 and
adsorbate concentration21–23 may be simply the result of de
structive interference of two SH sources or a phase chang
the effective magnetic tensor element with respect to
nonmagnetic tensor element. Since the present experim
were carried out in air the Ni surface was covered by
oxide layer. Therefore it is very likely that SH is not on
generated at the surface, but also at the oxide-layer–Ni
terface. Since NiO is magnetically ordered an additio
magnetic contribution from the surface tox i jk

(2) may arise. As
NiO is transparent atl5800 nm, the oxide layer is no
heated by the laser pulse. Heat diffusion from the hot
below is negligible on the time scale of a few ps becau
NiO is an insulator and therefore there is no heat transfer
conduction electrons. Thus,I ave(Dt) and A(Dt) reflect the
time dependence ofx i jk

(2) of the oxide-layer–Ni interface
only, while the magnetic and nonmagnetic contributions
the oxide layer contribute with a constant offset to the S
field amplitude. This is confirmed by the comparison
static and time resolved measurements shortly after polish
and tempering in H2 atmosphere and after several days in a
For this experimental geometry the transverse geometry w
p-polarized probe beam we observed a decrease inA after
oxidation. TheA(Dt) curve was just shifted by a fixed
amount towards lower values.

From the above it is already clear, that a reversal ofA is
not necessarily connected to a reversal of the magnetiza
Furthermore, we can exclude not only this magnetization
versal but any coherent process by the following experime
Two pump pulses separated by a fixed time delay of 0.7
precede the probe pulse and the SH intensity as a functio
the delay time between these two pump pulses and the p
pulse was measured. The result is shown in Fig. 4. The

FIG. 4. SH asymmetryA vs delay time measured with one pum
pulse atDt50 ps ~open circles, dashed line! and with two pump
pulses atDt50 ps andDt50.7 ps~solid circles, solid line! with a
pump fluences of 6.7 mJ/cm2 for the first and 4.6 mJ/cm2 for the
second pump pulse~lines are guidelines to the eye!. The dashed-
dotted line represents the asymmetry curve expected for a si
pump pulse atDt50 with a fluence of 11.3 mJ/cm2, i.e., the sum
of the fluences of the two pulses
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PRB 61 14 719TIME-RESOLVED MAGNETIZATION-INDUCED SECOND- . . .
ence of the first pulse is 6.7 mJ/cm2 and the fluence of the
second pulse is 4.6 mJ/cm2. The combined effect of the two
pump pulses is just the effect of a single pump pulse wit
higher fluence of (6.714.6) mJ/cm2 for delay times after
the second pump pulse~dash-dotted line in Fig. 4! indicating
that there are no coherent processes left several 100 fs
the excitation. We did not observe a significant depende
of the SH intensity on the polarization state of the pum
beam other than that caused by the difference in the abs
tion of the light.

Although for all investigated geometries and polarizatio
of the probe beam we found similar curves of the SH int
sity vs delay time, the relative intensity changes after
pump pulse at 300 fs and at later times are different for e
case. Figure 5 shows the transient MSHG signal measure
the longitudinal Kerr geometry withs-polarized incident
light of the probe beam. The pump beam wasp polarized as
for the data shown in Fig. 2. Despite the high pump fluen
of 8.1 mJ/cm2 the change inI ave as well as inA in the time
evolution after the pump pulse is much weaker compare
the data in Fig. 2. Nevertheless, a sharp fast drop inA ~and in
I ave) is still visible. However, opposite to the data presen
in Fig. 2,A completely recovers after about 1 ps and there
only a very weak decrease at larger times. This result sho
that each tensor element ofx (2) is differently affected by the
pump pulse. The fact, that also the ratio of the change inI ave
andA for very short times of about 300 fs and at several
differs, indicates the presence of two different relaxation p
cesses.

In the following we compare our experimental results
the phenomenological two-temperature model initially p
posed by Anisimovet al.24,25 The system is thought to con
sist of two subsystems, the electron system and the la
having each its own temperatureTe and Tl , respectively.
The two systems are assumed to be coupled weakly by
electron-phonon interaction termg(Te2Tl). The temporal
development of the temperature profiles is described by
classical heat diffusion equation and the optical constants

FIG. 5. ~a! SH asymmetryA and ~b! average SH intensityI ave

measured in longitudinal Kerr geometry withs-polarized probe
beam. The polarizer in the beam of the outgoing SH light was se
50° fromp polarization. The fluence of thep-polarized pump beam
was 8.1 mJ/cm2.
a

ter
ce

rp-

s
-
e
h
in

e

to

d
s
s,

s
-

-

ce

he

e
re

assumed to be a~linear! function of Te . Also the magneti-
zation is assumed to be a function of the electron temp
ture Te alone.7,26

We assume, that the time dependence ofx (2) after the
pump pulse can be described by the time dependence o
electron temperature alone. Then, to first approximationxnm
depends linearly onTe :

xnm~Te!5xnm
0 1xnm

1 Te , ~3!

wherexnm
0 is the effective nonmagnetic susceptibility atTe

50 K and xnm
1 the coefficient of the~linear! temperature

dependence. Sincexnm(Te) is the effective susceptibility it
also contains the change in the linear optical constants w
temperature and depends on geometry and polariza
While xnm does not depend on the magnetization,xm does
and therefore, an additional temperature dependence du
the temperature dependence ofM has to be considered if th
magnetization is affected by the pump pulse on the con
ered time scales.

xm~Te!5xm
0 1xm

1 M ~Te!. ~4a!

For the temperature dependence ofM (Te) we took the
known ~bulk! temperature dependence of the sta
magnetization.27 In this case we neglect the intrinsic tem
perature dependence ofxm against the much stronger one
M.

Equation~4a! is valid only if there is a strong change i
the magnetization according to the bulkM (T) dependence.
If, however, the magnetization is not or only weakly affect
on the ultrashort time scale, the intrinsic temperature dep
dence ofxm(Te) cannot be neglected. In this case a line
dependence

xm~Te!5xm
0 1xm

1 Te ~4b!

is more appropriate.
For not too largexm(Te) with respect toxnm(Te) and the

temperature coefficientsxm
1 and xnm

1 small compared toxm
0

andxnm
0 , respectively, using Eq.~1! we find

I ave~Te!'I ave
0 1I ave

1 Te ~5!

and

A~Te!'A0S 12
I ave

1

I ave
0

TeD 1A1M ~Te!. ~6!

Since for all combinations of geometry and polarizati
of the probe beam we tested on the Ni~110! surface
xnm

1 Te /xnm
0 and xm

1 M (Te)/xm
0 were of the same order o

magnitude, the term (2I ave
1 Te /I ave

0 ) in Eq. ~6! cannot be ne-
glected andA(Te) is not governed by the temperature depe
dence of the magnetic tensor element alone.

To calculate the time dependence of the electron temp
ture Te after the excitation with the pump pulse within th
two-temperature model the values for the lattice heat cap
ity Cl , the electronic heat capacityCe5Ce8Te , the electronic
heat conductivityke , and the electron-lattice coupling con
stantg are needed. The values of these quantities given in
literature are usually determined in thermodynamic equi

to
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14 720 PRB 61H. REGENSBURGER, R. VOLLMER, AND J. KIRSCHNER
rium. These values may be changed after strong optical
citation. We found, thatg can be varied over a relativel
wide range~factor of 2! without affecting theTe(Dt) curve
strongly. Similar is true forke . However,Ce turned out to
be a quite critical parameter because it essentially determ
the maximum electron temperature reached after excitat

The experimentally27 and theoretically28 determined value
Ce851.160.2 mJ cm23 K22 for low temperatures may b
significantly increased because of a large number of nont
mal electrons near the Fermi edge shortly after excitat
where the density of states of Ni shows strong peaks.
cause no theoretical or experimental data quantifying
effect are currently available, we variedCe8 between the
value given in Ref. 7, where 6 mJ cm23 K22 was used and
24 mJ cm23 K22. Furthermore we chose g51
31012 W/cm3 K, which is between the experimental7 and
the theoretical value.26 For the other parameter we have ch
senke50.9 W/cm K ~Ref. 27!, andCl53.8 mJ cm23 K.

Using Eqs.~5! and ~6! I ave(Dt) and A(Dt) were calcu-
lated from theTe(Dt) of the model. The parametersI ave

0 and
I ave

1 and A0 and A1 were chosen in such a way, that th
calculated curves agree with the measured curves at t
before the pump pulse has reached the sample (Dt5
22 ps) and at very long times (Dt580 ps).

In Fig. 6 the result is shown for transverse Kerr geome
with p-polarized incident light. ForCe856 mJ cm23 K22

there is good agreement between the measured dat
I ave(Dt) and the calculatedTe(Dt). However, the asymmetry
data points deviate strongly from the calculatedA(Dt) curve
for Dt&3 ps. Using larger values for the electronic he
capacity improves the fit toA, while the fit to I ave suffers.

FIG. 6. ~a! SH asymmetryA and ~b! average SH intensityI ave

measured in transverse Kerr geometry withp-polarized incident
light ~open circles, left scales!. The thin lines in~a! and ~b! are
theoretical lines according to Eqs.~3! and~4a!, respectively, calcu-
lated within the two-temperature model for an electronic heat
pacity of Ce856 mJ cm23 K22 ~solid!, 12 mJ cm23 K22 ~dotted!,
and 24 mJ cm23 K22 ~dashed line!. For the solid curve (Ce8
56 mJ cm23 K22) the corresponding temperature scaleTe is plot-
ted on the right side of~b!. The thick solid line in~a! represents the
calculation forCe856 mJ cm23 K22 using a linear temperature de
pendence ofxm according to Eq.~4b!.
x-
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However, if we assume that the change of the magnetiza
is negligibleand use alinear temperature dependence forxm
as forxnm @Eqs.~3! and~4b!# the calculation agrees best wit
the measured data down to 300 fs as shown in Fig. 6~a! as
thick line. This good fit can be achieved over the entire
vestigated range of delay times up to 80 ps as it is show
Fig. 7.

V. DISCUSSION

As mentioned in the Sec. I other authors attributed
ultrafast change of the Kerr signal to a change of the m
netization induced by the high electron temperatu
Hohlfeld et al. suggest in Ref. 10 thatxnm was in first ap-
proximation independent ofTe and the temperature depen
dence of their average SH intensityI 1 (52I ave in our quan-
tities! and their magnetic signalI 2 (52AIave) was given
solely by xm(Te)5guM (Te)u. As the dependence ofI 1 on
M is only of second order their measured induced chang
I 1 is too large to be consistent with the model. Calculatio
by Knorren and Bennemann26 based on the data and th
model proposed in Ref. 10 describe the temporal evolut
of the average SH intensity and the Kerr signal only qual
tively. Partial agreement with the measured data is achie
only by settingxm/xnm50.9 and a phasef close to 90°.
However, Hohlfeldet al. derived from their measurements
value ofxm/xnm50.11 and a phasef50°.11 There is obvi-
ously an inconsistency between model and experim
Therefore, in Ref. 11 an alternative model was used ass
ing a linear temperature dependence ofxnm, but still for xm
only the temperature dependence due to a magnetiza
change was assumed as in Eq.~4a!.

Our calculations show that no magnetization change
to be involved for a quantitative description of bothI ave(Dt)
and A(Dt) with the phenomenological two-temperatu
model, if one permits individual temperature dependenc
for different tensor elements,~i.e., considering adirect tem-
perature dependence ofxm as well!. This is quite reasonable

-

FIG. 7. ~a! SH asymmetryA and ~b! average SH intensityI ave

~solid circles! measured in transverse Kerr geometry w
p-polarized incident light. The solid lines are the theoretical lin
for Ce856 mJ cm23 K22 using a linearTe dependence forI ave as
well as forA @Eqs.~3! and ~4b!#.
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as differentx i jk
(2) involve transitions between different ele

tronic states for each tensor element. An additional temp
ture dependence ofxm describing a change of the thermod
namic magnetizationM is not detectable in the given dat
but of course cannot be excluded.

The two-temperature model seems to describe our
very well for delay times as short as 0.3 ps. However, thi
not generally true as can be seen from the data in Fig. 5
s-polarized incident light in the longitudinal Kerr geometr
A reasonably good fit is only possible forDt*2 ps. Obvi-
ously a thermodynamic description of the time dependen
for such short times is not possible. As the dephasing tim
the coherent electronic state after optical excitation is on
few femtoseconds, the recovery cannot be explained in te
of such a dephasing. This is also corroborated by the re
of the pump-probe experiment with two pump pulses sho
in Fig. 4.

The origin of Kerr signal is the spin-orbit coupling i
combination with the difference in the density of states
majority and minority spin electrons. As soon as the syst
is ~strongly! optically excited the joint density of states
modified. Thus, an instantaneous change ofI ↑ and I ↓ , and
therefore ofI ave(Dt) as well asof A(Dt) may be observed
This change inA is not necessarily related to a change of t
magnetization, since in the dipole approximation opti
transitions between spin-up and spin-down states are no
lowed. The temporal evolutions ofxnm and xm or I ave(Dt)
and A(Dt), respectively, depend on the lifetimes of the i
volved electronic states. Aeschlimannet al.29 found by spin
resolved two photon photoemission that in ferromagnets
lifetime of excited minority spin electrons is larger than th
of majority spin electrons. The lifetime of the electrons
transition metals is only about 20 fs for excitation energies
about 0.5 eV aboveEF . However, for electrons close toEF
the lifetime increases up to the ps range for thermal exc
tion energies. In optical experiments discussed in this pa
the whole deexcitation cascade contributes to the signal
a strong weight of the low excitation energies — not only t
excited state initially populated by the pump pulse. The
fore, the observed strong dip at about 300 fs in the asym
try curve in Fig. 5 could be caused by the different lifetim
of minority and majority spin electrons because the init
imbalance of the lifetime prevails in the deexcitation casc
until full thermalization is achieved.

Time-resolved measurements of the Kerr ellipticity fro
ferromagnetic CoPt3 films using left- and right-circular po
larized pump light detected two distinct processes.9 One is a
nonthermal, coherent process~depending on the polarizatio
state of the pump beam! observable for delay times below
'1 ps. This coherent process was explained as the deca
the photo induced spin polarization created in the exc
states by the~circular polarized! pump pulse. We did not se
a significant dependence on the pump beam polarization
our experiments but this may be due to the in-plane mag
tization and the use of linearly polarized pump light. For
perpendicularly magnetized ferromagnet, we would expe
similar dependence on the pump polarization. The author
Ref. 9 observed also a thermal process which they assig
to a transient magnetization with a rise time of about 1.6
and a decay time of about 20 ps. The fact, that the linear K
effect cannot be thought of being proportional to the mag
a-
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tization in the ultrashort time scale below 1 ps is also s
ported by the recent experiment of Koopmanset al.30 They
observed a different time dependence for the transient K
rotation and the Kerr ellipticity, clearly ruling out a simpl
linear dependence on the magnetization.

An experimental indication that demagnetization mig
occur on the time scale of a few ps is given in the rec
time-resolved MSHG measurements on ultrathin Ni Films
Cu~001! by Güddeet al.31,12 Due to the reduced Curie tem
peratureTC in such thin films the electron temperature cou
be kept a longer time aboveTC after the pump pulse leadin
to an almost constant~zero! asymmetry up toDt52 ps,
whereTe dropped belowTC andA started to increase again
This flat bottom in theA(Dt) curve is not present in the
average SH intensity curveI ave(Dt). Also the variation of the
SH intensity and asymmetry in static measurements~without
pump pulse! as a function of the sample temperature is
agreement with those observed in the transient signals.

Common spin-relaxation mechanisms such as spin-lat
relaxation fail to explain such a fast demagnetization p
cesses. The spin-lattice relaxation time is given by the sp
orbit-induced magnetocrystalline anisotropy energy,32 which
even for materials such as Gd or Au results in relaxat
times of several ten ps.6,1 Hübner and Zhang showed that th
magnetic as well as nonmagnetic elements ofx (2) relax
within a few 10 fs after optical excitation.13 The dephasing
of the wave functions on this very short time scale alone
responsible for the changed MSHG signals. This model
cluded no loss channel allowing a transfers of energy or
gular momentum from the electronic system to the latti
Thus, despite the observed change ofxm the magnetization
was not or~including spin-orbit interaction! only weakly af-
fected. However, in their recent model calculations, tak
explicitly the laser field into account, they showed that t
combined action of laser field and spin-orbit coupling c
lead to a strong reduction of the magnetization within t
duration of the laser pulse.33 Since the demagnetization oc
curs within the duration of the laser pulse it cannot be
solved in the experiments and appears as an instantan
drop in A. However, whether such an instantaneous drop
the magnetization occurs or not is not yet confirmed exp
mentally.

VI. CONCLUSION

We have shown, that the transient Kerr signal in the SH
from a Ni~110! crystal surface can be described by alinear
temperature dependence of the magneticand nonmagnetic
tensor elements of the second order susceptibilityxm and
xnm within the two-temperature model without invoking an
additional temperature dependence ofxm due to a~possibly!
reduced magnetization. While there is some evidence tha
magnetization can be reduced within a few ps, on the ti
scale below'2 ps a thermodynamic description fails an
therefore a direct determination of the magnetization fr
Kerr measurements is not possible in the fs time scale.
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