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A prior report of the emergence of chirality for the (2x2x2) charge density wave (CDW) in 
TiSe2 has attracted much interest; the drastic symmetry breaking is highly unusual with few 
precedents [1]. In that study, key evidence was provided by x-ray diffraction measurements of 
two superlattice reflections, (1.5 1.5 0.5) and (2.5 1 0). The (2.5 1 0) reflection appeared to 
show an anomalously large intensity and a transition onset at ~7 K below that of the (1.5 1.5 
0.5) reflection. These observations, aided by modeling, were cited as evidence for a separate 
chiral transition. In this Comment, we show that the prior conclusions based on x-ray 
diffraction are erroneous. There is just one transition, and it is achiral.     
 
Figure 1 shows x-ray diffraction intensity data reproduced from Ref. [1] for the two CDW 
reflections, (1.5 1.5 0.5) and (2.5 1 0). Also shown are calculations based on the x-ray 
structure factors derived from known quantities for the CDW without any assumed chirality 
[2-4]. There are no adjustable parameters in the calculation except for (1) an overall intensity 
scale factor, which is chosen to match the calculation to both sets of data simultaneously, and 
(2) an adjustment of the CDW transition temperature from 205 to 190 K to account for the 
somewhat different sample stoichiometry. The calculations agree well with the experiment.   
 
The two curves in Fig. 1 have very different shapes near the onset. The (1.5 1.5 0.5) intensity 
can be well described by a linear approximation, characteristic of a second-order phase 
transition. The much weaker (2.5 1 0) peak appears to exhibit a delayed onset and thus a 
lower transition temperature; this was attributed to a chiral transition at ~7 K below the CDW 
transition in Ref. [1]. However, this CDW peak, with a zero momentum transfer in the layer 
normal direction, has a zero structure factor to first order because contributions from the two 
neighboring layers in a (2x2x2) unit cell with opposite CDW distortions cancel [5]. As a 
result, the intensity rise should be quadratic below the onset. The onset temperature is 
actually the same, but the quadratic dependence of the intensity may give the impression of a 
delayed onset. According to Ref. [1], a chiral order should give rise to a very large 
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enhancement of the (2.5 1 0) structure factor by a factor of 1.86 and 64 for the Ti and Se 
contributions, respectively. The weighted average of the enhancement factor is thus 43, a 
huge effect. Our analysis shows that the experimentally measured intensity relative to that of 
the (1.5 1.5 0.5) peak agrees with an achiral CDW with no evidence for any enhancement. 
 
Reference [1] also contained data of specific heat and resistivity measurements. Analysis 
therein suggested a second transition, but the features are weak, broad, and not very 
well-defined. Other prior studies on this topic include scanning tunneling microscopy and 
optical measurements with conflicting conclusions [6, 7]. The present Comment focuses on 
the x-ray data only. X-ray diffraction, being highly sensitive to atomic movements, is the 
most direct tool to discern details of such transitions at the atomic level. We conclude that the 
CDW in TiSe2 involves a single achiral transition to a high level of precision.    
 
This work is supported by the U.S. Department of Energy (DOE), Office of Science (OS), 
Office of Basic Energy Sciences, Division of Materials Science and Engineering, under Grant 
No. DE-FG02-07ER46383. 
 
References 
[1] J. P. Castellan, et al., Phys. Rev. Lett. 110, 196404 (2013). 
[2] X.-Y. Fang, Hawoong Hong, Peng Chen, and T.-C. Chiang, Phys. Rev. B 95, 201409 
(2017).  
[3] R. Bianco, M. Calandra, and F. Mauri, Phys. Rev. B 92, 094107 (2015). 
[4] F. J. Di Salvo, D. E. Moncton, and J. V. Waszczak, Phys. Rev. B 14, 4321 (1976). 
[5] arXiv:1903.11120 [cond-mat.mtrl-sci] 
[6] J. Ishioka et al., Phys. Rev. Lett. 105, 176401 (2010). 
[7] B. Hildebrand et al., Phys. Rev. Lett. 120, 136404 (2018).  
 
 
  



3 
 

FIG. 1 Experimental and calculated x-ray intensities for the (1.5 1.5 0.5) and (2.5 1 0) 
reflections as a function of temperature. The intensity of the (2.5 1 0) reflection is much 
weaker and is amplified by a factor of 50 for both the data and the calculation.  
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