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Details of experimental procedures and theoretical model



Theoretical model

The spectral properties of a superconductor subjected to a high magnetic field can be determined by

solving the implicit equation [1-3]

E + iΓ±h = ∆u±−αorb
u±

√

1−u2
±

+αso
u±−u∓
√

1−u2
∓

. (S1)

for the complex quantities u±, where E is the energy, Γ is a phenomenological life-time broadening

parameter (Dynes parameter [4]), h is the spin splitting, ∆ is the pair potential, αorb is the orbital pair-

breaking parameter, and αso = h̄/3τso is the spin-orbit scattering rate. For a thin film in a parallel

magnetic field B, orbital pair-breaking is given by [5]
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where ∆0 = ∆(B = 0,T = 0) is the pair potential at zero temperature and zero field, and Bc,orb is the

critical field that would be observed at T = 0 in the absence of spin splitting (the actual critical field

is smaller due to the pair-breaking effect of the spin splitting h). The spin-resolved density of states

is given by
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For a superconductor-ferromagnet junction with normal-state tunnel conductance GT = G++G−,

the spectral conductance G(E) in the superconducting state is given by

G(E) = G+N+(E)+G−N−(E) = GT (N0(E)+PNz(E)) , (S4)

where N0 = (N+ + N−)/2, Nz = (N+ − N−)/2, and P = (G+ − G−)/(G+ + G−). For the self-

consistent calculation of ∆ and h, we use the model of Alexander et al. [3], which includes the
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effect of Fermi-liquid renormalization on the spin splitting h. In the normal state, h = µBB/(1+G0)

with G0 = 0.3 for aluminum [3,6], i.e., the spin splitting is reduced by interaction.

Experimental procedures and fits

To obtain the spectral properties of the superconductor, we measured the differential conductance

dI/dV at different temperatures and magnetic fields using the standard ac technique, with a voltage

excitation of a few µV at frequency f ≈ 138 Hz. Examples of the spectra and details of the fits can

be found in [7]. Fitting the conductance spectra yields all parameters for the spectral properties. In

Figure S1 we show explicitly the model results for the fit parameters used in the main text. Fig-

ure S1(a) and (b) show the self-consist ∆ and h as a function of applied field B corresponding to the

plots in Figure 2 and Figure 4 of the main text. Figure S1(c) shows the density of states for the plots

in Figure 4 of the main text.

Figure S1: (a) self-consistent pair potential ∆ and (b) self-consistent spin splitting h as a function

of the applied field B. Data correspond to sample FIS1 at T0 = 250 mK (Figure 2 of the main text)

and sample FIS2 at T0 = 100 mK (Figure 4 of the main text). (c) spin-resolved density of states

N±(E) for sample FIS2 at T0 = 100 mK for different magnetic fields B, corresponding to Figure 4

of the main text. Solid and dotted lines are N+ and N−, respectively.

Heater calibration was performed by measuring dI/dV with an additional dc heater current Iheat

applied to the sample. The temperature TF of the ferromagnet was then obtained by fitting the

thermal smearing of dI/dV , keeping all other parameters fixed. Calibration curves at different bath

temperatures T0 for sample FIS1 are shown in Figure S2(a). The electronic temperature in the
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absence of (deliberate) heating is slightly enhanced over the bath temperature T0, especially at low

temperatures. This can be attributed to heating due to incomplete filtering of the measurement lines.

The lines are fits to eq. (7) of the main text, with the electronic base temperature T and the effective

resistance Rheat of the heater wire as fit parameters.

Figure S2: (a) Temperature TF of the ferromagnet as a function of dc heater current Iheat for sam-

ple FIS1 at different base temperatures T0. (b) Thermoelectric current Ith as a function of ac heater

excitation Iac (raw data of Figure 2 of the main text).

The thermoelectric experiments were carried out with an ac heater current Iheat = Iac sin(2π f t)

at frequency f ≈ 138 Hz and amplitudes up to about 0.7 µA. Since the heater power is proportional

to I2
heat, the thermoelectric current Ith was measured at frequency 2 f . We checked that the thermo-

electric signal was independent of excitation frequency for 38 Hz . f . 250 Hz. According to the

temperature calibration fits, the peak-to-peak thermal excitation is then given by

δTF =

√

T 2 +
I2
acR2

heat

4L0
−T. (S5)

With the known spectral properties, junction characteristics and heater calibration, we can in princi-

ple calculate the expected thermoelectric effect without free parameters. This parameter-free calcu-

lation overestimates the measured effect by about 10-20%. This can be attributed to the fact that the

temperature TS of the superconductor is also increased indirectly by the heat current driven by δTF

(See [7] for a detailed discussion and experimental estimate of TS). Therefore, the actual thermal

excitation δT is slightly smaller than the one obtained from the calibration. Figure S2(b) shows the
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raw data Ith for Figure 2 of the main text as a function of heater excitation Iac. The lines are fits to

eq. (1) of the main text, where we have accounted for the reduced δT by setting δT = αδTF with α

as the only fit parameter (α = 0.83 for all fits). The coefficient η is then calculated as η = IthT/δT

with the average temperature T = T +δT/2.
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