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Light-matter interactions have generated considerable interest as a means to manipulate

material properties 1–22. Light-induced superconductivity has been demonstrated 3, 8 using

pulsed lasers. An attractive alternative possibility is to exploit strong light-matter interac-

tions arising by coupling phonons to the vacuum electromagnetic field of a cavity mode as

has been suggested 9, 10 and theoretically studied 14. Here we explore this possibility for two

very different superconductors, namely YBCO (YBa2Cu3O6+δ) 23 and Rb3C60
24, 25, coupled

to surface plasmon polaritons, using a novel cooperative effect based on the presence of a

strongly coupled vibrational environment allowing efficient dressing of the otherwise weakly

coupled phonon bands of these compounds 26. By placing the superconductor-surface plas-

mon system in a SQUID magnetometer, we find that the superconducting transition tem-

peratures (Tc) for both compounds are modified in the absence of any external laser field.

For YBCO, Tc decreases from 92 K to 86 K while for Rb3C60, it increases from 30 K to 45

K at normal pressures. In the latter case, a simple theoretical framework is provided to

understand these results based on an enhancement of the electron-phonon coupling. This

proof-of-principle study opens a new tool box to not only modify superconducting materials

but also to understand the mechanistic details of different superconductors.
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Light-matter strong coupling is typically achieved by placing a material in the confined field

of an optical mode such as a surface plasmon polariton (SPP) resonance. SPPs are evanescent

waves propagating along a metal-dielectric interface, which allow tight confinement of the elec-

tromagnetic field. Strong coupling leads to the formation of hybrid light-matter polaritonic states

separated by what is known as the Rabi splitting. Even in the dark, this Rabi splitting has a fi-

nite value which is due to the interaction with the vacuum electromagnetic field, and it can be

collectively enhanced with the number of coupled oscillators in the material.

Strong coupling has been shown to modify material properties and lead to an enhancement

of charge 5, 13, 15, 17 and energy 6, 7, 12, 16 transport. Furthermore, the strong coupling of molecular

vibrations shows remarkable changes in chemical reactivity landscapes 11, 18, 19 and it is therefore

natural to investigate whether strong coupling of crystal phonons can lead to modifications of

superconductivity 9, 20.

For the purpose of this study, we chose two well-known superconductors (SCs), the uncon-

ventional YBCO and type II Rb3C60
23–25. The challenge in testing such compounds comes from

the weak transition dipole moment of the phonons involved in superconductivity. As we have

shown recently, it is possible to exploit a vibrational environment consisting of auxiliary oscil-

lators 26, 27 that are strongly coupled to the vacuum field of a cavity, and quasi-resonant with the

target oscillators that alone would not strongly couple due to a small oscillator strength. Here, we

show that a similar cooperative effect (see Fig. 1) can lead to modifications of the Tc of the two

SCs, which for Rb3C60 is qualitatively captured by a modification of the electron-phonon coupling
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Figure 1: Illustration of the cooperative strong coupling mechanism in the present study.
Superconductors (purple spheres) are embedded in a dielectric polymer matrix (grey ellipses) and

deposited on a thin metal layer (Au). The metal-dielectric interface generates surface plasmon

polaritons with electric field represented by the red lines. While phonons in the superconductor

are only weakly coupled to the field of the surface plasmon polaritons (thin green arrow), the latter

is strongly coupled to the polymer vibrations (thick green arrow). Superconductor phonons and

polymer vibrations also directly interact via dipole-dipole coupling (blue arrow).

within the SC via the formation of a “dressed” phonon with effectively reduced frequency.

The IR spectrum of YBCO powder is shown in Fig. 2a displaying two phonon peaks at the

692 cm−1 and 856 cm−1 that are too weak to strongly couple to a Fabry-Perot cavity or a plasmonic

mode. To induce a cooperative strong coupling effect, the YBCO powder was dispersed in various

polymers such as polystyrene (PS) and polymethylmethacrylate (PMMA), whose vibrational spec-

tra are also shown in Fig. 2a, as well as polyvinyl acetate (PVAc). As can be seen, only PS has a

strong peak at 697 cm−1 that overlaps with the infrared-active phonon modes of YBCO, which are

believed to be involved in superconductivity 28–31. The YBCO powder dispersed in the different

3



polymers could have been placed inside resonant Fabry-Perot cavities but the cavity path length

would have changed at low temperature, making it very hard to produce tuned samples. For this

reason, we chose to spin-coat the YBCO + polymer mix onto an Au film (20 nm thick) to couple

to the surface plasmons of the metal. The strong coupling can be measured by attenuated total re-

flection (ATR) using an FTIR (Fourier-transform infrared spectrophotometer). Figure 2b gives the

dispersion curves measured in this way, displaying anti-crossings typical of strong coupling. The

double splitting is due to the presence of two closely lying vibrational normal modes in PS. The

Rabi splitting for the coupled system at 697 cm−1 is 60 cm−1 which is larger than the full width

half-maximum (FWHM) (16 cm−1) of the vibrational mode and the corresponding SPP resonance,

a necessary condition for the strong coupling regime. The dispersion curves are easily simulated

and show that it is the PS modes that define the strong coupling (see Supplementary Information).

The samples were then placed in gelatin capsules and introduced into a SQUID magne-

tometer (either a MPMS or a MPMS3, “Quantum Design Europe”). SQUID magnetometry is a

well-established technique to characterize the Meissner effect, which is one of the two hallmarks of

superconductivity together with a zero resistance. The Meissner effect is demonstrated by measur-

ing both the field-cooled (FC) and zero-field-cooled (ZFC) magnetization curves. Here the latter

are typically recorded between room-temperature and 4 K at 100 Oe and are shown in Fig. 2c &

d. The Meissner effect is clearly visible in Fig. 2c. The bare YBCO in a PS film shows an onset

of superconductivity at 92 K as expected from the literature 23 (Fig. 2d). When coated on an Au

substrate, the Tc decreases from 92 K to 86 K. When the YBCO powder is dispersed in the other

polymers (PMMA and PVAc), no change in Tc is observed since their vibrational bands do not
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Figure 2: Strong coupling-induced changes of Tc for YBCO. a, Fourier-transform infrared

(FTIR) spectrum of YBCO (top), PS (middle) and PMMA (bottom). The overlapping of the YBCO

phonon mode with the PS vibrational mode is highlighted in cyan. b, Dispersion curves showing

the cooperative strong coupling of the surface plasmon mode with the PS vibration at 697 cm−1

which overlaps with the YBCO phonon mode. The dashed curve represents the PS transmission

spectrum, the empty circles the signal for PS alone, and the solid circles the PS+YBCO mix-

ture. c, Temperature-dependent magnetization of a strongly coupled YBCO film (YBCO+PS on

Au) in the zero-field-cooled (ZFC) and 100 Oe field-cooled (FC) modes. d, Comparison of the

temperature-dependent magnetization for both ZFC and 100 Oe FC between 70 K and 110 K of a

bare film of YBCO+PS on Si (top), strongly coupled YBCO+PS on Au (middle), and cooperatively

off-resonant YBCO+PMMA on Au (bottom). While both the bare film and the cooperatively off-

resonant YBCO feature a Tc of 92 K, the latter is shifted to 86 K for the strongly coupled YBCO as

shown by the dashed lines in the respective panels. The offsets in the y-axis of the magnetization

curves are attributed to the substrates.
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overlap with YBCO, as expected. The role of the metal was also checked by repeating the exper-

iments on Pt and Ag to ensure that there was no specific role of Au in the experiments. The Tc

was again found to be shifted to 86 K on these metal films as expected since they both support

plasmons in the infrared (see Supplementary Information). We find that optimal loading of YBCO

in the polymer is about 10 wt%, while no change in Tc is observed at high loading.

Next Rb3C60 was investigated using the same approach. Fullerene SCs are extremely air

and humidity sensitive due to the radical nature of the reduced C60, so special precautions had

to be taken in the preparation of the samples. As described in the “Methods” section, the SC

was prepared by mixing C60 and Rb in a glovebox under inert atmosphere and baked in a sealed

ampoule at 400 ◦C. The IR spectrum of Rb3C60 is shown in Fig. 3a with a distinct but weak peak

at 1460 cm−1. This is one of the on-ball modes of C60 (Hg symmetry) that are thought to play an

important role in the superconducting properties of Rb3C60
25. PS also features vibrational bands

that match this mode (see Fig. 3a). Hence the Rb3C60 powder was dispersed in a PS solution and

spin-coated on a 20 nm Au film in the glovebox in order to see if the cooperative coupling modifies

the Tc. The dispersion curves in Fig. 3b measured by ATR show a double splitting due to two close

lying PS modes. The mode overlapping with the Rb3C60 peak at 1460 cm−1 yields a Rabi splitting

of 48 cm−1, much larger than the FWHM of the vibrational band (10 cm−1). The samples were

placed in sealed Pyrex tubes, introduced into the SQUID magnetometer and the FC and ZFC curves

were recorded. As can be seen in Fig. 3c, the strongly coupled polymer plus Rb3C60 film on Au

shows a Tc of 45 K. This is an increase of 50% over the normal Tc of 30 K shown in Fig. 3d. As in

the case of YBCO, PMMA had no effect on Tc because it has no vibrational bands that overlap with
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Figure 3: Strong coupling-induced changes of Tc for Rb3C60. a, FTIR spectrum of Rb3C60

powder (top), PS (middle) and PMMA (bottom). The overlapping of the Rb3C60 phonon mode

with the PS vibrational mode is highlighted in cyan. b, Dispersion curves showing the cooperative

strong coupling of the surface plasmon with the PS vibration at 1452 cm−1 which overlaps with

the Rb3C60 phonon mode. The dashed curve represents the PS transmission spectrum, the empty

circles the signal for PS alone, and the solid circles the PS+Rb3C60 mixture. c, Temperature-

dependent magnetization of a strongly coupled Rb3C60 film (Rb3C60+PS on Au) for ZFC and

100 Oe FC between of 10 K and 200 K. The inset shows the statistics of the observed Tc for the

various samples studied. d, Comparison of the temperature-dependent magnetization for ZFC and

100 Oe FC between 10 K and 80 K of the bare film of Rb3C60+PS on Si (top), strongly coupled

Rb3C60+PS on Au (middle), and cooperatively off-resonant Rb3C60+PMMA on Au (bottom). For

both the bare film and cooperatively off-resonant Rb3C60 the Tc is at 30 K, while it is increased to

45 K for the strongly coupled Rb3C60 as shown by the dashed lines in the respective panels. The

magnetization offsets are attributed to the substrates and the Pyrex tube.
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the SC. It should be noted that the Tc of the strongly coupled system varies slightly from sample to

sample. Nevertheless, it strongly peaks at 45K with some outlyers as shown in the inset of Fig. 3c.

Out of the 33 samples tested 10 remained at 30K which we attribute to delamination of the polymer

film from the Au substrate during cooling, as this could be seen even with the eye when the samples

were removed from the SQUID. As for YBCO the optimal loading of Rb3C60 in the polymer was

found to be around 6 wt%, a point that is discussed below. We note that the existence of a single

drop in the magnetization curves of Figs. 2 and 3 indicates that the entire superconducting volume

fraction in the materials features a modified Tc in the presence of cooperative strong coupling.

We now introduce a theoretical model providing a qualitative explanation for a cooperative

enhancement of the electron-phonon coupling when phonons are strongly coupled to SPPs. The

electron-phonon coupling governs the scattering of electrons across the Fermi surface giving rise

to Cooper pairing 32 and conventional superconductivity in, e.g., Rb3C60
25. The associated Tc

increases with the strength of the electron-phonon coupling, which is usually described by the

dimensionless parameter λ 33, 34.

For a spherical Fermi surface and an optical phonon mode with frequency ωq, the parameter

λ ∝
∫ 2kF

0
dq q

V 2
q

ωq
where q is the phonon wave vector, kF the Fermi wave vector, and Vq the electron-

phonon coupling matrix element. For large light-matter couplings, one could in principle exploit

the formation of low frequency polaritonic states to effectively reduce ωq, which would lead to

an enhancement of λ. However, sizable shifts of ωq are usually hampered by the small coupling

strength of SC phonons to the (vacuum) electromagnetic field 14. Furthermore, while the largest
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shifts occur close to the resonance at optical wave-vectors q ∼ ωq/c� kF (c is the speed of light),

Vq is in general a slowly varying function of q 35, which implies that large enhancements of λ can

be mainly engineered by a reduction of ωq at large wave-vectors q ∼ kF.

Here, we propose a mechanism to induce large phonon shifts at wave vectors q ∼ kF relevant

for superconductivity via the auxiliary polymer. When the polymer and the SC phonons are quasi-

resonant, we find that a strong coupling of the polymer to the far off-resonant electromagnetic

field for which q ∼ kF � ωq/c leads to a low-frequency polariton containing a finite SC phonon

weight due to direct dipole-dipole interactions of the latter with the polymer. This results in an

enhancement of λ that increases with the polymer coupling strength to SPPs.

We consider a film described as an effective homogeneous dielectric medium with back-

ground dielectric constant of the polymer ε, and two optical phonons with bare frequencies ωsc

and ωps, associated to an on-ball mode of C60 and the quasi-resonant mode of PS, respectively.

Dipole-dipole self-interactions for each type of phonons provide a depolarization shift of the bare

frequencies: ω̃sc =
√
ω2

sc + ν2
scf and ω̃ps =

√
ω2

ps + ν2
ps(1− f), where f is the SC filling fraction

in the film. These shifted frequencies correspond to the minima of a transmission spectrum mea-

sured at normal incidence (top of the “polaritonic gaps” 36, 37). The two types of phonons further

interact with each other via direct dipole-dipole coupling with strength Λsc−ps ∝ νscνps

√
f(1− f),

where νsc,ps are associated to the phonon oscillator strengths. Photons are coupled to SC and PS

phonons with strengths Ωsc−pt
q//

∝ νsc

√
f and Ωps−pt

q//
∝ νps

√
(1− f), respectively, and to plas-

mons in the metal (plasma frequency ωpl) with strength Ωpl−pt
q//

∝ √ωpl (Fig. 4a). All the modes
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Figure 4: Theoretical model. a, Sketch of the four relevant bosonic modes of the model and

their coupling strengths: SC (red) and PS (green) phonons are coupled among each other and

to photons (PT), which are hybridized with plasmons (PL) to SPPs (dashed circle). b, Polariton

energy dispersion (f = 0.02, νps = 0.2ωsc, δ ≈ −0.02ωsc) with mode admixtures (line colors

correspond to a). The brownish color of P1 indicates a mixture of SC and PS with a SC phonon

weight ≈ 49.6% for q// = 2kF. The photon dispersion ω = q//c/
√
ε is depicted as a black dashed

line. c, Sketch of the energy levels for q// ∼ kF, including energy shifts of phonons due to dipolar

self-interactions (ωsc/ps → ω̃sc/ps). Enhancement of λ can be achieved for a P1 with frequency

smaller than ωsc (δ ≡ ωps − ωsc < 0) and substantial SC weight ensured by ω̃sc = ω̃ps. This can

occur when the collective dipole moment of PS phonons∼ νps

√
1− f exceeds that of SC phonons

∼ νsc

√
f . d, ∆λ/λ0 (%) versus δ, νps, and f , for f = 0.02 (top) and νps = 0.2ωsc (bottom). The

dashed lines corresponds to ω̃sc = ω̃ps.
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coupled to light are quasi-2d “bright” modes with a given in-plane wave vector q// (parallel to the

metal-dielectric interface), superpositions of the 3d modes (phonons or plasmons) with different

wave vectors in the out-of-plane direction. The resulting Hamiltonian comprises four coupled har-

monic oscillators (see “Methods”), whose eigenvalues provide the polariton frequencies shown in

Fig. 4b. At large wave vectors q// ∼ 2kF, the spectrum consists of a light-like branch (P4) with

ω ∼ cq//

√
1+ε
ε

(c is the speed of light in vacuum), a surface plasmon branch (P3) with ω ∼ ωpl√
1+ε

,

as well as two “dressed” phonons (P1 and P2) at much lower frequencies.

We find that the electron-phonon coupling parameter λ is enhanced by the formation of the

lowest polariton P1. Motivated by the dispersion curves (see Supplementary Information), we

assume νps > νsc. For small f the collective dipole moment of PS phonons ∼ νps

√
1− f thus

largely exceeds that of the SC phonons ∼ νsc

√
f , and the light-matter coupling is dominated by

the polymer. In this case, the frequency of P1 at large q// ∼ 2kF is close to the bottom of the

PS polaritonic gap ωps, just as in polar crystals where the lower phonon polariton approaches the

transverse optical phonon frequency at large wave vectors. Furthermore, when the two shifted

phonons are in resonance (ω̃sc = ω̃ps), the PS phonon frequency ωps lies below ωsc, i.e., δ ≡

ωps − ωsc < 0 (see Fig. 4c), and one obtains an effective redshift of SC phonons at large wave

vectors if P1 contains a significant SC phonon weight. The latter is achieved via the hybridization

of SC and PS phonons due to direct dipole-dipole interactions, which is maximum (50% − 50%)

when ω̃sc = ω̃ps. We expect that this latter resonance condition is relaxed in the experiments

due to the finite phonon linewidth that is not included in the model. Figure 4d shows the relative

change ∆λ
λ0
≡ (λ−λ0)

λ0
as a function of the detuning δ, f , and νps, with λ0 the bare electron-phonon
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coupling parameter (νsc = νps = 0). We find that the enhancement of the coupling parameter λ for

δ < 0 strongly increases with νps, and features a maximum at small SC concentration f ∼ 0.01 in

qualitative agreement with the experiments. While our model is too simple to be used to directly

predict Tc, which also depends on, e.g., averaged SC phonon frequencies 33, 34, it shows that λ can

be significantly modified by interactions with a strongly coupled polymer.

Our study shows that the Tc of SCs can be modified by light-matter strong coupling. Just

as importantly, this is made possible through a cooperative effect involving an auxiliary coupler

interacting with the superconducting material. This mechanism provides both a way to enhance

the Tc and another tool to investigate the role of phonons in conventional and unconventional SCs.

Methods

Experimental methods The polymers, polystyrene (analytical standard for GPC; MW 200,000),

polymethyl methacrylate (MW 120,000), polyvinyl acetate (MW 140,000), and toluene were pur-

chased from “Sigma Aldrich”. Toluene was distilled and dried before use. Silicon (Si) wafers

(4 inch diameter, 500 µm-thick) purchased from “TEDPELLA” were cut into 2x2 cm pieces and

cleaned by sonication in water followed by isopropanol. The cleaned Si wafers were dried in a hot

air oven and used as substrates for thin film making. All the glass wares, spatulas, and the Pyrex

tubes used for the experiments were baked at 400 ◦C for 4h, prior to the use to ensure purity.

The superconducting powder of YBCO (YBa2Cu3O6+δ; 99.8%) was purchased from “Can

Superconductors” and used without further purification. Thin films of YBCO dispersed in different
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polymers were prepared as follows. The YBCO powder was well grounded and added to freshly

prepared homogeneous solutions of PS (20 wt%), PMMA (16 wt%), PVAc (16 wt%), and stirred

for at least six hours at room temperature. YBCO was maintained at 10 wt% in all the polymer

samples. The thin films (4 µm-thick) were prepared by spin-casting (RPM=1000, time=2minutes)

the YBCO-polymer mixture onto a Si substrate for bare films, and onto a Au-coated Si substrate

for strongly coupled films. Metal deposition (20 nm) was done by sputtering. The samples were

stored in a vacuum box. To measure the temperature-dependent magnetization of the strongly

coupled YBCO and bare films, the Si substrates containing the spin-casted films were cut into

small pieces (ca. 4x4 mm), then inserted into a gelatin capsule and sealed using Kapton tape.

The gelatin capsule was then placed into a plastic straw for magnetization measurements with the

SQUID magnetometer.

A reported procedure was followed to prepare the powder samples of Rb3C60 SCs 24. C60

crystals (sublimed, 99.9%) and rubidium (trace metals basis, 99.6%) were purchased from “Sigma

Aldrich”. A measured amount of rubidium in a glass capillary tube (0.5 mm diameter) was added

to C60 (34 mg) in a Pyrex tube (5 mm) under inert atmosphere in a glovebox. The tube containing

the mixture of C60 and rubidium was degassed with a vacuum pump and refilled with argon gas.

The degassing/refilling was repeated thrice before sealing the Pyrex tube under vacuum. The

sealed tube containing the precursors was heated to 400 ◦C and maintained at that temperature

for 72 h. The formation of superconducting Rb3C60 was confirmed by temperature-dependent

DC magnetization measurements using the SQUID magnetometer. The thin films and strongly

coupled films of Rb3C60 were prepared using the powder samples. The tube containing the Rb3C60
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powder was opened in a glovebox and the powder was well grounded to obtain smaller grains. It

was then added to a freshly made homogeneous solution of polymers, PS (16 wt%) and PMMA

(16 wt%) in dried toluene and stirred for 2h in the glovebox. The resulting mixture contained 6

wt% of superconducting powder relative to the polymer. The bare and strongly coupled Rb3C60

films (4 µm-thick) were prepared in the glovebox by spin-casting (RPM=1500, time=2minutes)

the Rb3C60-polymer mixture onto either a Si substrate or a Au-coated Si substrate. The substrates

were then cut into smaller pieces (ca. 4x4 mm) for magnetization measurements and transferred to

the Pyrex tube. The Pyrex tube containing the samples was thrice degassed and refilled with argon,

and subsequently sealed under vacuum. The sealed tube was then inserted into a plastic straw for

magnetization measurements with the SQUID magnetometer.

The temperature-dependent magnetization (ZFC and FC) of the samples were measured in

Strasbourg using a MPMS SQUID magnetometer (“Quantum Design Europe”) at a 100 Oe mag-

netic field. Some samples were also measured by “Quantum Design GmbH” in Darmstadt (Ger-

many) using a MPMS3 SQUID magnetometer at 100 Oe, a more efficient and recent magnetometer

to ensure the reproducibility and better quality of the data. The infrared spectra were recorded us-

ing Bruker Vertex70 FTIR spectrometer. The dispersion curves of the strongly coupled samples

were measured in ATR mode.

Theoretical methods The two optical phonons with bare frequencies ωsc and ωps are assumed

dispersionless and both polarized in the in-plane and out-of-plane directions. Our effective de-

scription is valid when the in-plane SPP wavelength is larger than the typical size of the super-

conducting crystals in the dielectric film. To lighten the notations, we denote q the in-plane
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wave vector and Q ≡ (q, qz) the 3d wave vector. Our system consisting of four coupled har-

monic oscillators is described by the Hamiltonian Hpol =
∑

q//
H

(q)
pol , where H(q)

pol is decomposed

as H(q)
pol = H

(q)
pt + H

(q)
mat + H

(q)
mat−pt. The first term H

(q)
pt = ωqa

†
qaq is the free photon Hamilto-

nian. The bosonic operator aq (a†q) annihilates (creates) a photon with in-plane wave vector q and

frequency ωq. The latter depends on the penetration depths 1/γd and 1/γm of the electromagnetic

field in the dielectric and the metal, respectively, and is given in the Supplementary Information

file. The second and third terms in H(q)
pol are the matter and the light-matter coupling Hamiltonians,

respectively, and read

H
(q)
mat = ωplπ

†
qπq + ω̃scb

†
qbq + ω̃psp

†
qpq + Λsc−ps

(
b−q + b†q

) (
pq + p†−q

)
H

(q)
mat−pt =

[
Ωpl−pt
q

(
π−q + π†q

)
+ Ωsc−pt

q

(
b−q + b†q

)
+ Ωps−pt

q

(
p−q + p†q

) ][
aq + a†−q

]
. (1)

Here, the matter Hamiltonian is projected onto the modes coupled to light that are called bright

modes, and contains the free contributions of the two phonon modes, the plasmon mode in the

metal, as well as a direct dipole-dipole interaction between the two types of phonons. The bosonic

operators bq (b†q), pq (p†q), and πq (π†q) respectively annihilate (create) a SC phonon, PS phonon,

and plasmon bright modes. The different coupling strengths read

Λsc−ps =
νscνps

2

√
f(1− f)

ω̃scω̃ps

Ωpl−pt
q =

√
c ωpl (q2 + γ2

m)

γm

Ωsc−pt
q = νsc

√
cf(q2 + γ2

d)(1− e−γd`)
εγd ω̃sc

Ωps−pt
q = νps

√
c(1− f)(q2 + γ2

d)(1− e−γd`)
εγd ω̃ps

,

with ` the quantization length of the phonon fields in the out-of-plane direction. The polariton

Hamiltonian exhibits 4 positive eigenvalueswqζ in each subspace q, which can be determined using

a self-consistent algorithm working as follows 20, 38. Starting with a given polariton frequency, we
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use the Helmholtz equation εi(wqζ)w2
qζ/c

2 = q2 − γ2
i to determine the field penetration depths

entering Hpol. The dielectric functions εi(ω) in the dielectric (i = d) and the metal (i = m) read

εd = ε and εm(ω) = 1− ω2
pl/ω

2. The polariton Hamiltonian is then diagonalized numerically and

the algorithm is repeated with the lowest eigenvalue as a new polariton frequency until convergence

is reached.

The coupling between electrons in the t1u band of Rb3C60 and the on-ball phonon mode of

C60 is described by the Hamiltonian

Hel−pn =
∑
K

ξKc
†
KcK + V

∑
K,Q,α

c†KcK−Q

(
SQα + S†−Qα

)
,

with the 3d SC phonon annihilation and creation operators SQα and S†Qα. The latter are related to

the quasi-2d bright phonon modes by bq ≡
∑

qz ,α
fα(Q)SQα, where fα(Q) stems from the overlap

between the electric field and the SC phonon field in the out-of-plane direction z, and is given in the

Supplementary Information file. The matrix element V does not depend on the wave vector Q at

the lowest (tight-binding) order, as shown in Ref. [39]. The fermionic operator cK (c†K) annihilates

(creates) a spin-less electron with 3d wave vector K and energy ξK relative to the Fermi energy. For

simplicity, we assume a spherical Fermi surface providing ξK = ~2(K2 −K2
F)/(2m), with m the

electron effective mass and KF the Fermi wave vector. At zero temperature, the electron-phonon

dimensionless coupling parameter λ reads

λ =
1

N(0)

∑
K

δ(ξK)<
(
−∂ωΣK(ω)|ω=0

)
,

where< stands for real part,N(0) is the electron density of states at the Fermi level, and ∂ωΣK(ω)|ω=0

denotes the frequency derivative of the retarded electron self-energy ΣK(ω) evaluated at ω = 0. We
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compute this self-energy using the polariton Hamiltonian Eq. (1), and then derive the expression

of the parameter λ. The relative enhancement of λ is obtained as

∆λ

λ0

=
1

2N2(0)

∑
K

δ(ξK)
∑
Q,α

(ϕq − 1) |fα(Q)|2δ(ξK−Q),

where the function ϕq describes the renormalization of the SC phonon energy due to the coupling

to PS phonons and photons, and is provided in the Supplementary Information file. Due to the

breaking of translational invariance in the out-of-plane direction (Au layer), ∆λ ∝ 1/(KF`) is

found to be proportional to the ratio between the 2d and the 3d electron density of states. Here,

we choose ` = 20nm of the same order of magnitude than the penetration depth of SPPs in the

dielectric film for q ∼ 2KF, at the border of the validity domain of our 3d model (KF` = 1). We

find that the enhancement of the electron-phonon coupling reaches its maximum value for KF`�

1, which corresponds to a 2d configuration. The diameter of the Fermi surface 2KF = 0.1nm−1 in

the calculations.
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