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Introduction  
 Geometrical frustration in low-dimensional quan-
tum spin systems often leads to exotic states of matter, 
where new physics emerge. However, understanding 
of these systems is often hindered by the complex 
Hamiltonians. SrCu2(BO3)2 (SCBO), a realization of the 
exactly-solvable Shastry-Sutherland (SSL) model, pro-
vides an important testing ground for our understand-
ing of quantum magnetism and its relationship to su-
perconductivity [1]. The system is expected to become 
superconducting upon chemical doping, though so far 
no clear evidence of superconductivity has been found 
in experiments. Therefore, understanding the effect of 
doping in the SSL system is urgently needed.  
 
Experimental  
 We have studied high quality single crystals of 
SrCu(2-x)Mgx(BO3)2 (x = 0.02, 0.03, 0.05) using four 
complementary magnetometry techniques in high 
magnetic fields, revealing a surprisingly rich 
phenomenology of the impurity configurations in these 
systems [2]. The results are confirmed by our numerical 
simulations using infinite projected entangled pair states, 
which gives a detailed description of the various of the 
emergent impurity bound states [2]. 
 
Results and Discussion 
 Figure 1 shows the magnetization curves as 
function of x for the low-field region. The results clearly 
show that three low-field anomalies, H’C1, H’C2, and H’C3 
are enhanced with higher doping, while the 1/8 plateau 
is suppressed. The TDO measurements performed in a 
DC magnetic field confirms the emergence of the H’C1, H’C2, and H’C3 anomalies with doping, and their absence in the pure 
system. Another broad anomaly at H’C0 ∼ 9 T, which is much weaker than its higher field counterparts, is only observed for 
the highest doping concentration x = 0.05 sample. Our iPEPS simulations have revealed that the H’C2, and H’C3 anomalies 
are stabilized by the interaction between the doped impurities and triplets and bound states of triplets, while the H’C0, and 
H’C1 anomalies are results of various configurations of impurity pairs.  
 
Conclusions 
  Our results provide a clear description of the magnetization process for SrCu(2-x)Mgx(BO3)2, revealing a rich impurity-
induced phenomenology, suggesting that even for samples with a Mg-doping as low as 1% ∼ 2.5%, a single-impurity 
description is not, and interactions between the impurities and triplets must be considered.  
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Figure 1: Emergence of magnetization anomalies below 
the 1/8 plateau with H || a axis, at T = 0.4 K [2]. Field 
dependence of a, M and b, dM/dH, for three doping levels x = 
0.02,0.03, and 0.05. H’C1, H’C2, and H’C3 and the 
corresponding dashed lines indicate three of the additional 
anomalies below the 1/8 plateau. c, The first derivative of the 
TDO frequency shift, df/dH, as a function of applied field for x 
= 0,0.02,0.03, and 0.05. d, A zoomed-in plot of df/dH (left axis) 
and −dM2/d2H (right axis) vs. µ0H for the x = 0.05 sample, 
shows an additional broad anomaly at a lower field H’C0. Inset: 
−dM2/d2H vs. µ0H for a few selective temperatures. Traces in 
(b), (c), and inset of (d) are shifted for clarity. 


