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Supplementary Note 1: Analysis of resistivity vs magnetic field isotherms

In 1™YDbRh,Si, the electrical resistivity vs magnetic field isotherms (Fig.) at the lowest temper-
atures show clear signs of reentrance. To extract meaningful upper critical field B ., and critical
temperature 7. values is thus more involved than in the case of a single superconductor—-normal
conductor phase boundary (where the criterion of a 50% resistivity drop is frequently adopted).
We have thus devised a simple ‘multi-transition model’ to separate the different effects. A single
magnetic field-driven transition from a superconductor to a normal conductor is (phenomenologi-

cally) described by

1
_ — g
P/,On - 14+ 67k(BfBC2) =7 (B) (1)
where B, represents the half-hight (50% resistivity drop) criterion and k is a measure of the
sharpness of the transition. The effect of first entering and then leaving a superconducting phase

IT as function of magnetic field is then captured by
p/pn =1—(1— Feg) - (1 — Frignt) = Fu(B) , (2)

and the total effect of starting in a superconducting phase I, leaving it, and passing through the

superconducting phase II by
plpn = F1(B) - Fu(B), 3)

as shown in Supplementary Fig. 1. This corresponds to a parallel circuit. Note that the total trace
(black curve) does not cross the 50% line at the same fields as the separate traces (blue, green, and
red lines). Not using such a model will wash out the transitions between adjacent superconducting

phases.



In fitting the p(B) isotherms of '™ YbRh,Si, (Fig.[3b), only for the lowest temperature (0.6 mK)
the fit fully converged with all fit parameters (k;, Be i, ¢ = L, II-left, II-right) open. Thus, to enable
fits also at higher temperatures, we used the By 1 value determined in this lowest-temperature fit
and the critical temperature in zero field to approximate the phase boundary with the mean-field
form Beo(T) = Beo(T = 0) - [1 — (T/T.)?], and fixed B in the higher-temperature fits to the
corresponding values. All other parameters were left open and the fits converged.

Also the low-temperature p(B) isotherms of YbRh;Si, (Fig.) show ‘double transition’ sig-
natures, but because they are less pronounced than in " YbRh,Si; we have refrained from doing
a similar analysis there (the critical fields are simply determined by the 50% resistivity drop crite-

rion, as explained in the main text).

Supplementary Note 2: Estimates on Planckian dissipation
In a material with Planckian dissipation, a linear-in-temperature electrical resistivity arises when
the scattering rate 1/7 reaches the Planckian limit, kg7'/h. To test whether this is the case in

YbRh,Si,, we have determined the proportionality coefficient « in
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in two different ways. In a first approach, we use the simple Drude form
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for the inelastic part
Pin = AT (6)

of the strange-metal electrical resistivity p = po + pin, identify 1/7 in Supplementary Eq. with
Supplementary Eq.[] and obtain
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Here n is the charge carrier concentration and m the charge carriers’ effective mass. Because

YbRh,Si, is a multiband conductor*!, estimating n from Hall effect measurements>*®

in a simple
one-band model may introduce a sizable error. Thus, instead, we determined n from the Ginzburg-
Landau coherence length £y, the superconducting transition temperature 7., and the Sommerfeld
coefficient -, via the relation

n — éGLTc’V
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> in cgs units, (8)



as described in refs. 42l43l ¢4, and T are taken from Table Il ~ is calculated from the zero-field
A coefficient of the Fermi liquid form p = py + AT? (from Table[l) via the universal Kadowaki-
Woods ratio A /2 = 1075 uQem(molK)?/(mJ)?. We expect this value, 72+, (see Table l) to be a
more reliable estimate of the Sommerfeld coefficient than the directly measured specific heat data
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because the phase transition anomaly from the Néel transition*®"is superimposed on the data and

difficult to subtract. The corresponding averaged Fermi wavevector
kp = (3n2n)'/? )

is given in Table [lI| for both YbRh,Siy and 7" YbRh,Siy. This kp and 4 are used to calculate

the effective mass as
2 0T
m = %%’V . (10)
The « values thus obtained from Supplementary Eq.[7] are 0.011 and 0.0065 for YbRh,Si; and
1™YbRh,Sis, respectively (Table , much smaller than o =~ 1 expected for Planckian dissipation.
Our second approach makes use of recent optical conductivity measurements on YbRh,Si,!?,
which showed that the inverse of the real part of the inelastic optical conductivity (an optical
resistivity) is linear in frequency v:
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By equating Supplementary Eq.[6] and Supplementary Eq.[I1] and using Supplementary Eq.H] for

= A"y (11)

v = 1/7 we can calculate « as
_ h A
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which yields 0.0062, in good agreement with the estimates from approach 1.
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Supplementary Figures
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Supplementary Fig.1: Determination of critical fields in a conductor with two adjacent
superconducting phases. a Example of two superconducting phases, I and II, described by our
simple ‘multi-transition model’ (see text). b Electrical resistivity p, normalized to its value in the
normal state p, just above the onset of superconductivity, as function of the applied magnetic

field B, at a fixed temperature 7;. The total p/p,(B) trace (black) is compose of three logistic

functions (green, blue, red), with transitions at By, Bry jeft, and Biy rignt, as described in the text.
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Supplementary Fig.2: Cartoons of possible superconducting phases in YbRh,Si,. a Two
intersecting phases. b Two separated phases, with an internal phase boundary in the low-field

phase. Both are consistent with the combined results from the present work and ref. |33l
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Supplementary Fig.3: Cartoons of magnetic-field effect on superconducting domes around
a quantum critical point (QCP). a The fat blue curve is a hypothetical 7;.(B) curve where
any (hostile) effect of the magnetic field on superconductivity (from Pauli or orbital limiting) is
imagined to be absent. For the successive curves (from blue to green), an increasingly strong
field effect is considered (using a simple mean-field-type suppression of 7, by the magnetic
field B, which increases from zero along the tuning parameter axis). b Same as a, but for a
superconducting phase with a dome that does not extend to the zero of the tuning parameter axis
(fat red curve). Again, an increasingly strong field effect is added for the successive curves (from
red to brown). ¢ Lowest curve from panel a (green) and middle curve of panel b (purple), scaled
in absolute values. A material with two QCP-derived superconducting phases, one with stronger
pairing but larger field sensitivity (as in panel a, e.g., a spin-singlet superconductor) and one with
weaker pairing but also weaker field sensitivity (as in panel b, e.g., a spin-triplet superconductor),

could display such a magnetic-field-tuned phase diagram.
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