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Dynamical Theory:

For two-beam diffraction conditions, we get:

E(r) = Ey(r)e®oT + E, (r)e’knT, (S1)

where K, and k;, represent the wavevectors of the transmitted and diffracted waves, respectively.

The complex wavefronts for the transmitted E,(r) and diffracted Ej, (r) waves are the solutions of
the well-known Takagi-Taupin Equations (TTEs)!. For Bragg coherent X-ray diffraction imaging,

they can be obtained by solving the symmetric version of two beam TTEs, given as

2i(Ko - V)Eo(r) = k?[XoEo(r) + CxxpEp(r)e aar+ihutd],

2i(Ky, - V)Eq(r) = k[0 En(r) + CxpEo(r)ettar=u®], (S2)
Here,y,, xp and yj are Fourier coefficients of the susceptibility function of the crystal for the
transmitted beam and diffracted beam, respectively. Here, Q = ki — ky, q = Q —h and Aq =
h’ —h. By defining an orthogonal grid with the three orthonormal unit vectors X, § and Z, in a
Bragg coherent X-ray diffraction imaging experiment, it can be generally assumed that k - Z >0

and Kk, - Z >0. Thus, the two equations above can be reduced to:

2k0,z%Eo(r) = —2(Kko - V1 )Eo(r) — ik?xoEo(r) — ik?CyEp (r)e~Aartihum,
Zkh,z%Eh(r) = —2(Kp,y - Vi) En(r) — ik2xoEp () — ik2CxpEo(r)ebar—thu®  (g3)
Here, kg =Ko, + Ko, Ky =K, +Kp,, and V = [%,aiy]. Therefore, they can be further

simplified as

0 & 1 ik?2 A
EEO (r)=- ZlkO,Z XoEo (r) - K'z (ko,J_ : VJ_)E()(r) - Zlk_O,Z C)(,;Eh(r)e iAqr+ih u(r),

a ik? 1 ik? iAq-r—ih-
>, En(0) = —zlk—m)(th(l‘) - Elz(kh,J_ V1 )En(0) — zlk—hzC)(h}~'70(l‘)(3+mqr thu() - (S4)



Further, based on the differential property of Fourier transform, ie., F {% f (x)} = i2né £ (§),

by applying the transverse Fourier transform into the two equations above, they can be

rewritten as:

0 =~ 2 ~ ik? —iAg-r+ih-

EEO(qJ_'Z) = _i‘h Ko 1 X Eo(qy,2) — Zlk:TJ_{)(ﬁEh(r)e iAqr+ihu(r) 4 )(OEO(r)},

d ) ~ ik? iAq-T—ih-

gEh(‘IJ_’Z) = —%QL Ky X En(q.,z) - zlk:}'l{thO(r)emqr thu(r) 4 Xth(T)}- (85)
Here, F {E(r;,2)} = [ E(r,,z)e'%+ " dr and FTYE(qy,2)} = [E(qL,2z)e 94+ T1dq, . q, =

[4x, qy] and q = q, +q;. Then, the equations (S5) can be rewritten to the form used by exponential
Runge-Kutta methods:

aiZE(Z) = AE(z) + B[z, E(2)],

(S6)
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where A is a diagonal matrix with A = [ AO] = ’;zon .E(z) = INO(ql 2) and
h _k_qJ_' 0,1 Eh(qJ_IZ)
hz
ik? [ —_iAa'r+ih-
= 2o Fu{FLH (Bn) xpe™ a0 4 o Eo (1)}
B(z,E) = o

2 _ , , . Eq. (S6) can be solved by
— 5 FL{FL (o )one ™40 + By (1))

exponential Runge-Kutta methods of type given by Hochbruck and Ostermann®. Using the second

exponential integrator, which is an explicit second-order method based on Heun’s method, the

solution for Eq. (S6) is given by the steps:

E] = E(2),
by = B(zy, EY)
Eﬁk = ¢0E1* + hep1 by,

bz = B(Zn + h, E;),



E(z + h) = ¢oFf + 5 [(2¢1 — $2)by + b2b3]. (S7)
where, ¢, = e and ¢, = n(hA) " (p,_, — 1).

With the abovementioned finite difference scheme, the TTEs can be solved on an arbitrary
orthogonal grid and there are many different choices for the selection of the orthogonal grid. Since
the main goal for BCDI here is to calculate the diffracted wavefront and demonstrate the dynamical
effect, the origin of the coordinate system is chosen based on the scattering plane, aligned within
the XOZ-plane, where k;, is along the z-axis. Thus, using this coordinate system, we get k, =
[—ksin (203), 0, kcos (20g)] and k;, = [0, 0, k]. The relation between the laboratory coordinate
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X'Y'Z' and this coordinate XYZ is a rotation transformation, i.e., R(6,y)

Kinematical approximation:

Here, we derive an analytical solution of the diffraction wavefront based on the kinematical

approximation. In the kinematical approximation, the 3D diffraction signal is given as°:

A(Q) = [ sp(r)e'Pr®elar dr, (S8)

For Eq. S8, we assume the origin of the coordinate system is set based on the scattering plane,
aligned within the XOZ-plane, where K;, is along the z-axis. In this coordinate system, the
diffracted exit wavefront is perpendicular to the K;. To get the 2D diffraction wavefront at Aq,,
based on the Eq. S8, we get

A(Aq,) = [ sp(r)elPnMelauritifazz gy
= [ [ sn(r)eon® ¢iz2 dzeidirigr,, (S9)

By further considering the shift of the exit wavefront by Aq,, Eq. S9 can be rewritten as

A(Aq,,Aq, ) = jfsh(r)eifph(r)Hqu-z dzeldrTitiddLTL gy

= ffsh(r)emqr"‘i(ﬂh(l‘) dzequ.’rJ.er_

= [ E(Aq) e'+T4dry, (510)
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Thus, the exit diffraction wavefront under kinematical case is given as E(Aq) =
fsh(r)eiAq~r+i<p(r) dz.
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Figure S1. Distortions appearing in the amplitude reconstruction of the simulated dynamical diffraction pattern of a
strained gold cube using the traditional (kinematical) approach and the result of correcting them for absorption. The
first column shows the central slices of the amplitude used for simulation. The middle column shows the corresponding
reconstructed results from the traditional iterative method. The last column shows the central slices of the corrected
amplitude.
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Figure S2. Distortions appearing in the phase reconstruction of the simulated dynamical diffraction pattern of a
strained gold cube using the traditional (kinematical) approach and the result of correcting them for refraction. The
first column shows the central slices of the phase used for simulation, showing the small strain introduced. The middle



column shows the corresponding reconstructed phase from the traditional iterative method. The last column shows the
central slices of the corrected phase.
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