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Here, we present more technical details and numerical results on two-polariton blockade via ultrastrong light-matter coupling,
including: (1) sensitivity of the blockade to the coupling phase; (2) clarification on dressed-state populations; (3) behavior near
the 2PB threshold

S1. SENSITIVITY OF THE BLOCKADE TO THE COUPLING PHASE

In our work, the coupling phase 6 controls the parity symmetry of the system, which fundamentally influences the energy-
level structure and the transition pathways, especially in the ultrastrong-coupling (USC) regime. Here, 6 is required only to
be 6 # mm /2, thereby enabling multi-polariton transition path. In our numerical simulations presented in the main text [e.g.,
Fig. 4(f)], we set # = 0.37 (a parity non-conserving case) and demonstrated the clear emergence of 2PB characterized by
g?(0) > 1 and g©®(0) < 1, that are valid for a small polariton number.

We have also found that the 2PB can occur for different values of the . When the parity is not conserved (6 # mm/2), 2PB
occurs within different ranges of the driving frequency for different values of the 6, because the coupling phase § modify the
energy-level structure.
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FIG. S1: The second-order (blue dashed curves) and third-order (red solid curves) equal-time correlation functions versus w; /w,
at different 6. The coupling strength is g/w. = 0.6, the driving frequency is w; = E14 o, which is resonant with the transition
from |t)g) to |11+ ). The dissipation parameters are vy, = v,- = v = 10~2w,,, and the driving amplitude is 2 = 10~ 1y

S2. CLARIFICATION ON DRESSED-STATE POPULATIONS

As shown in the main text, in the strong coupling (SC) regime, the population in |11, ) is not nearly to zero, which means
the drive is resonant with the transition frequency from [¢g) to |11+ ). When increasing g from 0.08w, to 0.2w,., the population
of |11+ ) has a slight drop from 0.32% to 0.2%, with a slight increase of the population of |¢);_). This behavior is consistent



with the expected redistribution of populations as the system enters the USC regime and the dressed states become more hy-
bridized, allowing the parity-forbidden transition pathway to open. More details regarding the population of the dressed states
are presented in the figures below
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FIG. S2: The population of the different dressed states versus g/w.. The driving frequency is w; = Ej4 o, the dissipation
parameters are ¥, = v,- = v = 1072w, the driving amplitude is 2 = 10~ '+, and the coupling phase § = 0.3.

S3. BEHAVIOR NEAR THE 2PB THRESHOLD

This threshold g = 0.27w, is characterized by a transition from Poissonian to super-Poissonian statistics, corresponding to the
second-order correlation function g(?) (0) increasing from 1 to values greater than 1. The following figures show the equal-time
correlation functions g(?) (0) and ¢(®) (0) and the populations of the dressed states around the threshold g = 0.27w,
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FIG. S3: (a) The equal-time correlation functions ¢(® (0) and ¢(®)(0) as a function of the coupling strength g/w, in the USC
regime. (b) The populations of the dressed states varies with the coupling strength g/w.. The yellow triangle point corresponds
to g/w. = 0.27. Other parameters are the same as in Figure S2.

As shown in the above figures, when the system enters the USC regime, the population of state |, _) begins to grow signif-
icantly. We also note the population of |¢);_) becomes to equal to (larger than) the population of |¢;,) for g = 0.5w,. This
coupling g = 0.5w,. corresponds to the peak of the second-order correlation function g(*)(0).
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