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1. Bandstructure of GaAs 
 
     Fig. S1 shows our computed bandstructure in GaAs for the lowest 
conduction bands. The energy minima of the L and X valleys are ~0.25 eV 
(experimental value ~0.29 eV) and ~0.45 eV (experimental value ~0.48 eV) 
above the conduction band minimum (CBM) at Γ, respectively. The electron 
effective mass obtained with DFT-LDA at the CBM is  ≈ 0.055 in units of 
electron mass, which is in good agreement with the experimental value of 0.063.  
 

 
  
Figure S1.  Computed bandstructure of GaAs near the CBM. The relative 
positions of Γ, L, and X valleys are given. 
 
 
 
 



2. Electron-phonon matrix elements in GaAs 
 
    Fig. S2 shows direct DFPT calculations of the absolute value of the electron-
phonon (e-ph) matrix elements (see Eqs. 1–4 in Ref. 1), which represent the e-
ph coupling strength and are proportional to the change in potential ΔV due to 
the phonon modes. We choose Γ as the initial electronic state, and vary the 
phonon wavevector q along a Brillouin zone path. Our computed matrix 
elements due to LO and TO phonons, shown in Fig. S2(a), agree with those 
given in Fig. 1 of Ref. 1. We further show the DFPT e-ph matrix elements due 
to the long-wavelength acoustic phonons in Fig. S2(b). The matrix elements 
computed from Wannier interpolation, both with and without the polar 
correction, are also shown in Fig. S2, which indicates that the polar correction is 
essential to reproduce the long-range e-ph interaction at small q near Γ for the 
LO mode Fröhlich interaction and for the LA mode piezoelectric interaction 
(we adopt eq. S5 of the Supplemental Material in Ref. 2 for the polar correction). 
Failure to include the polar correction (see the blue curve labeled as “wannier-
std”) results in an incorrect behavior; on the other hand, including the polar 
correction (see the red curve labeled “wannier-polar”) allows one to reproduce 
the DFPT results for both the LO and LA modes.  
     Note that we neglect the quadrupole term proportional to the second 
derivative of the effective charges with respect to the phonon wavevector for the 
piezoelectric interaction (see eq. 3.15 in Ref. 3). However, the very good quality 
of our interpolation indicates that the term we neglect, which is included in 
DFPT, is negligibly small in GaAs.  
 

 
 
Figure S2.  The absolute value of the e-ph matrix elements in GaAs (i.e., the 
same quantity as the deformation potential defined in Ref. 1). The initial 
electronic state is at k = Γ, and the phonon wavevector q is along the L–Γ–X 
path. The shadowed area in (a) is shown in (b), where the piezoelectric 
interaction is highlighted with a grey circle, and the small (but non-zero) value 
of piezoelectric interaction along Γ–X is indicated by a green arrow.  
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