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Fig. S1. An example of discontinuous instability under compression for a 2D jammed packing of N = 1024 particles interacting via the harmonic potential initially at
p = 5 × 10−2. (A) The pressure, p, is shown versus packing fraction, ϕ, on approaching the instability at p = pc. (B) The frequency of the lowest normal mode of vibration,
ωm, is shown versus the distance from the instability, δp ≡ pc − p. (C) The projections of the particle displacements onto the lowest normal mode, Pue, and the particle
displacements right at the instability, Puu, are shown versus δp. (D) The energy barrier height, ∆H, is shown versus δp.
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Fig. S2. Bond-breaking as the cause of the discontinuous instability for a jammed packing of N = 1024 particles interacting via the harmonic potential under compression.
(A) Minimum particle overlap sm(δp) on approaching the instability. The solid line shows sm ∼ δp. (B) Configuration of the jammed packing near the instability with the force
network. Stabilizing bonds are in red. The bond whose breaking leads to the instability at pc is highlighted by the orange dots. Softest particles with top 10% Ψ values are
highlighted in dark blue.
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Fig. S3. Statistics of discontinuous instabilities. (A) Fraction of discontinuous instabilities f as a function of system size N for 2D jammed packings with the harmonic potential.
It shows a very weak dependence on N . The discontinuous instabilities apparently far outnumbers the fold instabilities with f > 0.95 for all system sizes shown here. The
solid line is a guide to the eye. The horizontal dashed line is f = 1. (B) Pressure evolution of the fraction of discontinuous instabilities f for N = 1024 harmonic systems in
2D. With the decrease of pressure, f increases and shows the trend to approach 1 in the low pressure limit. The solid line is a guide to the eye. (c) Distributions of shear
stresses at incipient discontinuous and fold instabilities for N = 1024 harmonic systems initially at p = 5 × 10−2 in 2D. Here δτi = τc − τi, where τc is the shear stress at
the instability and τi is the residue shear stress of the initial state before shearing.
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Fig. S4. Statistics of plastic events induced by discontinuous instabilities in steady, quasistatic shear flows. The systems contain N particles interacting via the harmonic
repulsive potential in 2D and initially at p = 5 × 10−2. They are quasistatically sheared to steady state and then avalanches are studied. (A) System size dependence
of the average strain interval between successive avalanches ⟨δγ⟩. (B) System size dependence of the mean and cutoff avalanche sizes, ⟨S⟩ and Sc. (C) System size
evolution of the distribution of avalanche sizes P (S). The dashed lines are power-law fittings to the data. The avalanche size is calculated as S = Ld∆σ, where L is the
sidelength of the system, d is the spatial dimension (here d = 2), and ∆σ is the stress drop of the avalanche. The cutoff avalanche size is calculated as Sc ≡ ⟨S2⟩/⟨S⟩.
Please refer to Ref. (1) for the definitions and calculations of the above quantities. It has been shown that there exist critical scaling relations, e.g., ⟨δγ⟩ ∼ N−χ, ⟨S⟩ ∼ Nα,
Sc ∼ Ldf ∼ Ndf /d, and P (S) ∼ S−τ (1). Here we have χ ≈ 0.768, α ≈ 0.271, df ≈ 1.002, and τ ≈ 1.195. Recent theories predict different values of
the critical exponents, e.g., χ = 1 or 0.667, τ = 1.5 or 1.0 (2–4). Our results show some deviations from theoretical predictions. Assuming the hyperscaling relation,
τ = 2 − (1 − χ)d/df (1), our values of χ and τ give a fractal dimension df ≈ 0.576, only about a half of the df value obtained from (B). Interestingly, a similar violation of
the hyperscaling relation has been observed in recent work on the two-scale percolation scenario of the jamming transition (5). The violation may be caused by the marginal
stability of jammed solids due to the finite-range repulsive interaction at low packing fractions. Intensive studies are required to figure out whether discontinuous and fold
instabilities have different avalanche statistics and what leads to the violation of the hyperscaling relation, which is beyond the scope of current work.
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