SUPPORTING INFORMATION
Ultrafast Demagnetization and Gilbert Damping in Electrodeposited CoP Film
Soma Dutta1, Arindam Samanta2,3, Surya Narayan Panda1, Saibal Roy2,3 and Anjan Barman1*
1Department of Condensed Matter and Materials Physics, S. N. Bose National Centre for Basic Sciences, Block JD, Sector-III, Salt Lake, Kolkata 700 106, India
2Micropower - Nanomagnetics Group, Tyndall National Institute, Cork, T12R5CP, Ireland 3Department of Physics, University College Cork, Cork, T12YN60, Ireland
*Email: abarman@bose.res.in
[bookmark: _GoBack]
KEY WORDS
High frequency soft magnetic material, Time-resolved magneto-optical Kerr effect, Ultrafast demagnetization, Gilbert damping, Anisotropy 
S1. Energy Dispersive X-ray Spectroscopic analysis
[bookmark: _Hlk137480341]We have used energy dispersive x-ray (EDX) spectroscopic analysis for investigating the composition of the CoP alloy. EDX’s premium software program, APEX is used for collecting and analysing energy dispersive spectroscopic data and the compositional characterization of the material. It uses ZAF-corrected (Z: atomic number, differences in deceleration of primary electrons; A: absorption, absorption of primary emitted characteristic x-rays; F: secondary fluorescence, generation of secondary x-ray fluorescence by characteristic radiation) spectral analysis for quantitative compositional information. Details of the EDX spectra are listed in Table S1.
Table S1: Ratio obtained from EDX analysis:
[bookmark: _Hlk137480365]Element     Wt %         At %        K-Ratio         Z              A               F
-------------------------------------------------------------------------------------
  P-K          7.45         13.28         0.0423     1.1010      0.5148       1.0017
  Co-K      92.55         86.72         0.9155     0.9910      0.9982       1.0000
-------------------------------------------------------------------------------------
Total        100.00       100.00

S2. Details of the Fitting of Curves and Fitting Parameters
[bookmark: _Hlk138261909]To investigate the anisotropic magnetic behaviour and find out different anisotropic constants, we have fitted the variation of most dominated SW mode’s frequency () with bias field angle ( of Fig. 4(c) using the Eq. 2.
[bookmark: _Hlk138261585][bookmark: _Hlk138261961][bookmark: _Hlk138262031]During the fitting, the value of the gyromagnetic ratio, 1.76 ×107 rad/(s.G) and applied bias field, 1.355 kOe are kept constant. The term  is considered as the most dominating mode is Kittel mode (). We have obtained the value of saturation magnetization, 1350 emu/cc; uniaxial anisotropy constant,  ~ 1.1×105 erg/cc and cubic anisotropy constant,  ~ 0.3×105 erg/cc.
[bookmark: _Hlk144896472]Subsequently, we have fitted the magnetic field dispersion of the precessional frequencies for three different values of , i.e., 45°, 90° and 150° as shown in Fig. 5(b) using the same equation, i.e., Eq. 2. In this case we have fitted  as a function of , keeping the in-plane angle  fixed at particular value, i.e., 45°, 90° or 150°. We have kept the value of sample thickness,  = 3.173×10-4 cm as constant parameter and ,  are fixed at the obtained value from the fit as given above. Mode 1 is fitted with  and by leaving  and  as fitting parameters. While  is found to be constant at 2.0 ± 0.1 and  is ~1350 ± 50 emu/cc for three different angles.  With the same value for three different angles, mode 2 can be fitted for . 

S3. Three Temperature Modelling of Ultrafast Demagnetization 
We have numerically solved the phenomenological three temperature model (3TM) and reproduced the experimental data at different pump fluences obtained from the time-resolved magneto-optical Kerr effect (TR-MOKE) magnetometry to have further insights about the ultrafast demagnetization phenomenon. The three phenomenological coupled differential equations are written as:
		(S1a)
 			(S1b)
				(S1c)
Where ,  and  are temperature of electron, spin and lattice bath, respectively. Initial temperatures are kept at room temperature, i.e., 300 K. ,  and  are the electron, lattice and spin contribution to the specific heat. Electronic specific heat is proportional to the electron temperature, i.e.,  , where  = 0.7×103 Jm-3K-1. ,  and  are the electron-lattice, electron-spin and spin-lattice coupling strength constant, which reciprocate energy transfer rate from electron to lattice, spin and spin to lattice system. Initial electronic excitation is expressed by adding the laser source term,  to Eq. S1a only. The spin temperature is then fed into the mean-field theory to reproduce the transient change in magnetization as obtained in the experiment. The modelled result and temporal evolution of three different baths at 7.5 mJcm-2 fluence are shown in Fig. S1(a) and Fig. S1(b), respectively.
We have enlisted different parameters obtained from 3TM in Table S2 below.
Table S2: Parameters obtained from 3TM as a function of pump fluence:
	Fluence (mJcm-2)
	Cs
(× 105 Jm-3K-1)
	Cl
(× 106 Jm-3K-1)
	Gel
(×1017 Wm-3K-1)
	Ges
(×1017 Wm-3K-1)
	Gsl
(×1017 Wm-3K-1)

	5
	2.1
	1.5
	5.5
	8.4
	0.65

	7.5
	1.8
	1.3
	4.6
	8
	0.4

	10
	1.2
	1.1
	4.5
	7.5
	0.4

	12.5
	1.15
	1.1
	4.4
	6.6
	0.4

	15
	1
	1.2
	4.1
	6.3
	0.35

	17.5
	0.9
	0.95
	4
	5
	0.5

	20
	0.85
	0.95
	3.2
	4.4
	0.6



The results clearly demonstrate that (Fig. S1(c)) faster ultrafst demagnetization at low pump fluence corresponds to higher electron-spin coulping strength (). With the increase of fluence the electronic temperature increases which follows higher spin fluctuation, reducing the electron-spin coupling strength and demagnetization rate.  and  determine the decay of electron and spin temperature to the lattice.  
[image: ]
[bookmark: _Hlk117181464]Figure S1. (a) Ultrafast demagnetization data fitted with 3TM and (b) temporal evolution of electron, spin and lattice temperature at 7.5 mJcm-2 fluence for Si/Ti (20 nm)/Au (200 nm)/CoP (3.173 μm) film heterostructure. (b) Variation of   and  with pump fluence variation.
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