
  

 

I. INTRODUCTION AND BACKGROUND 

 

INCE the discovery of the giant MCE (magnetic cooling 

effect) in Gd5Ge2Si2 [1], much revived interests have been paid 

to understand the basic magnetocaloric mechanism. The main 

process of the MCE is a magnetic cooling phenomenon of a 

material temperature decreased as a result of the enforced 

alignment of the spin by an external magnetic field. Up to this 

time, most of studies on the MCE have been researched for 

oxide materials with specific structures like Heusler or 

perovskite type, since the maximal MCE is usually observed 

around the magnetic phase transitions, such as near the Curie 

temperature. On the contrary and interestingly, the 

ferromagnetic metallic multilayer in ultrafast time scale is that 

there is no giant MCE originated from the phase change as 

mostly studied in conventional studies. 

 Here, we like to pay attention to the fact that the 

demagnetization and remagnetization on an ultrafast timescale 

triggered by the femtosecond laser pulse should be 

accompanied by the effective spin temperature change so that 

different spin dissipation-relaxation dynamics on an ultrafast 

time scale are represented by different spin temperature 

behaviors. Moreover, reminding that there should be the MCE 

in case of the forced magnetic moment alignment by an external 

magnetic field, a fundamental question whether the MCE can be 

experimentally measured even on a femtosecond time scale and 

how the observed ultrafast MCE might be related to the spin 

dissipation-relaxation dynamics during the remagnetization of 

the ferromagnetic materials demagnetized by the femtosecond 

laser pulse. Thus, if the MCE is measured in the ferromagnetic 

metallic multilayers, it must be purely originated from the 

forced alignment of magnetic moments by an external field. In 

the present work, we report our experimental discovery that 

there exists a magnetic cooling effect by an external magnetic 

field even on a femtosecond time scale during the 

demag-remagnetization process [2], which is evidenced by a 

systematic time-resolved hysteresis loop measurement and a 

careful analysis using the three-temperature model (3TM). 

II. RESULTS 

Time-resolved magneto-optical Kerr effect (TR-MOKE) 

measurements in a pump-probe geometry were carried out for 

Co/Pt multilayers. Mechanical chopping modulation at 750 Hz 

was implemented in a pump-beam path, combined with a 

lock-in amplifier to discriminate purely pump-induced 

magnetization changes to improve the signal-to-noise ratio. The 

Kerr signal was systematic analyzed by 3TM, get the spin 

temperature information. In Figure 1, the spin temperature is 

decreased if magnetic field is increased at demag time, and 

maximum cooling temperature is 204.8 K.   

  

 
Figure 1. Spin temperature (Ts) with respect to the delay for 

various fields between 0 and 1.7 kOe in [Co/Pt]5 layer sample. 
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Abstract We report that a giant magnetic cooling (up to 200K) phenomenon exists in the Co/Pt 

nano-multilayers on a femtosecond time scale during the photoinduced demagnetization and remagnetization. 


