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Fig. 4. Strain evolution during shear. Distribution of the cumulative shear strain after 20, 30, and 50
min of shear. For each frame, arrows indicate shear transformation zones that have been formed in the
time interval before the frame shown. Shear transformation zones appear to form a connected network
at t = 50 min. (A to C) x-y sections (5 um thick) centered at z = 13.5 um. (D to F) Perspective view of
16-um-thick sections showing particles with shear strain values larger than 0.025 only.



Local shear transformations in deformed and guiescent hard-sphere colloidal glasses
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FIG. 6. (Color online) Evolution of strain and strain correlations in the colloidal glass during a shear experiment. The time and macroscopic
strain corresponding to columns (1)—(5) are indicated in Fig. 5(c). Row (a) shows the deformation profiles. Row (b) shows the top-view
reconstructions showing only those particles with individual strain |e,.| > 0.1, colored according to their strain. On strain reversal, some of the
regions of particles that acquire a high positive strain (red) return to a low-strain configuration and disappear from the reconstruction; others
experience an irreversible local deformation and remain in a high-strain state at the end of the experiment. These are compensated for by other
regions that deform in the opposite direction (blue) so that at the end the average strain is zero at time (5). Row (c¢) shows the y-z plane cross
sections of €,. spatial autocorrelations, showing the evolution of the fourfold pattern that is the signature of Eshelby inclusions active in the
material.
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Bulk metallic glasses

Sample: PdCuSi, Reference samples: STO, SiO2

100 nm

Map of local elastic modulus

Lokale Verteilung der Indentationsmoduln
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Haufigkeit

Verteilung der Dampfungsfaktoren fiir amorphes PdCuSi
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Size of plastic events (STZ) — a - relaxation

Experiments on bulk samples:
(strain rate sensitivity )

Computer simulations:
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[M. Schwabe et al, J. Non-Cryst. Solids 357, 490 (2011)]
[M. Neudecker, S. G. Mayr, Acta Mater. 57, 1437 (2009)]

STZ —size ~ 120 Atoms STZ size ~ 560 Atoms










Pd, Cu Ni P

100 20

ot
i

[

400 450 500 550
Temperature (K)

600

P hopping (b)
6F (NMR)
4t
Srelaxation
7L (DMS)
Onsets
0OF

1000/(77K)

14 16 1.8 20 22 24 26 28



Q . (kJ/mol)

200

150

100

Ln
<

(a) —~
‘_ J
- | p evenl/
(b) B event 1 B event 2
Step 1
i y=x _ -
—_—p
l | l | l Step 2
0 50 100 150 200 o
E  (kJ/mol) »
te
_ O p
B event 1 B event 2



O
)

.
.
Aty

arm =t

-

N
-
asmne

0 0.2 0.4 0.6 0.8 1 0.4 0.6 0.8 1
Fig. 5: (Color online) Left panel: a graphic representation of the cooperative motion that is associated with the 3-wing. Note the
chains of particles that have moved coherently during a time span of four time units. The particles that move more than 40%
of the typical inter-particle distance are marked in dark blue. Right panel: similar graphic representation of the suppression of
the majority of the cooperative motion that is responsible for the 3-wing by the addition of 2.5% pinned particles. In contrast

to the previous figure, here one needs to look at cumulated motions for 15 time units to see the remnant correlated motion.
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MD-simulation: Stress-strain behavior

stress-strain plot for CuTi glass at 500K - strainrate=1/ns
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Stress strain curve
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A single shear band in a metallic glass: Local core and wide soft zone

R. MaaB, " K. Samwer,” W. Arnold,*” and C. A. Volkert'
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FIG. 4: (Color Online). Left panel: The nonaffine displace-
ment field associated with a plastic instability that results in
a shear band. Right panel: the displacement field associated
with 7 Eshelby inclusions on a line with equal orientation.
Note that in the left panel the quadrupoles are not precisely
on a line as a result of the finite boundary conditions and
the randomness. In the right panel the series of 7 Eshelby
inclusions, each given by Eq. 8 and separated by a distance
of 13.158, using the best fit parameters of Fig. 2, have been
superimposed to generate the displacement field shown.



beta relaxations are the fundamental excitations in a
disordered system

In BMG they form strings (0.4 nm3 ~ 20-30 atoms:
factor 20 less than STZ size)

beta relaxations line up for diffusion of the small atoms far
below the glass transition

above 2.5% pinning center the beta relaxations are stopped

Crackling noise analysis show powerlaw statistics common for
small avalanches

avalanches or nano shear bands form out of 300 STZ ( 1-D)
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