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FIG. 2 (color online). Phase diagrams for H || « () and H ||
b' (@). The phase diagram for H || ¢* is shown in the inset. The
broken lines indicate the initial slopes of each curves.
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omits above $\theta = \5I{25.0}{‘degree}$, and so on.

‘“item Check that there are no ‘enguote{bad} reflections, by looking
at the list of reflections in ‘program{SXGRAPH}: ‘menu{Refinement}
‘arrow' ‘menu{Reflection Data} and choose the \menu{OMIT
Reflections} button. Eny reflections with $\Delta (F~2)/\sigma$
greater than $7% can usually be omitted.

‘item At the end of the final set of refinements, the atoms should
essentially not move. In the output from ‘\program{SHELXL}, check
that the ‘\enquote{Max.‘ shift} and \engquote{Max. dU} wvalues are
less that $0.01%, and ideally $0.000%.

“end{itemize}
If any changes have to be made, then another refinement pass will be
needed.

e e e e e s e L et L Lttt
‘“section{Advanced refinement}

There are times when the basic work flow outlined in the previous
section is not enough to get a good result. This section covers
some more advanced technigues to get the right results.

‘\subsection{Disorder at special positions}

Cccasionally a molecule will be disordered about a special position.

The most common example is a solwvent molecule on an inversion centre.
The problem is that the solvent does not satisfy the site symmetry:
there must be £$1:1% disordering. The easiest way to proceed in this case
iz to use a \shelx{PART -1} block. This automatically generates a £1:1%
gituation, and so you do not need to use a free wvariable. Instead, you
need to generate one version of the disorder, and then set the occupancy
as appropriate.

ILn example will again make this much clearer. &L structure in 5P ‘bar 1%
was found to have half of a “\ce{CH2C1l2} molecule in the asymmetric unit.

After removing the thermal parameters, the molecule initially looked gave
the following fragement.

“WerbatimInput [firstline=93, frame=lines,lastline=94]{disorder.ins}

Uszing the ‘menu{Grow Fragments!} command in ‘program{SXGRAPH! showed the

B e T Trem slmimmm maem elmme

7 & o Fl

Yoo

File Edit Search View Typeset Scripts Window Help

@ e N[ ) @

; =]
Refinement — Reflection Data and choose the OMIT Reflections button. Any reflections
with .&(Fz] for greater than 7 can usu.ally be omitted.

» At the end of the "c! en ano..

output from ¢
and ideallv

-= atoms should essentially not move. In the
+ and ‘Max. dU" values are less that (.01,

If any changg, 'ass will be needed.

anement
5 Adv

There are t, rious section is not enough to get

a good resJe baSiC Work ﬂow OUtlin -iques to get the right results.
on covers some more ad

5.1 Disor.

1 position. The most common example
is a solvent molec 1 . slem is that the solvent does not satisfy| _
the site symmetry: tn 1he easiest way to proceed in this case is to| ™
use a PA:T -1 blick. Thp 0 Sltlonsa(es al:1 situatimf, an}::l s0 you do not need to
use a free variable. Instead, you neeu o generate one version of the disorder, and then set the
occupancy as appropriate.

An example will again make this much clearer. A structure in P1 was found to have half of a
CH,Cl, malecule in the asymmetric unit. After removing the thermal parameters, the malecule
initially looked gave the following fragement.

Occasionally a 1.

C1 1
CL1 3

0.466566
0.60687

11.00000
11.00000

0.91934
0.89924

0.93776
1.02034

Using the Grow Fragments command in SXGRAPH showed the solvent was disordered about

UTF-8| |Line 986 of 1624; col 0|

the inversion centre. Two things are then needed, the position of the second chlorine atom and
the PART instructions. The position of the second atom can be calculated using the symmetry
operations {available in the 1st file), or read from the SXGRAPH display. The special position
means that the occupancy of the atoms needs to be altered: there are two positions, and so the
occupancy is halved.

PART -1

C1 0.91934 0.93775 0.46556 10.50000
[ I 3
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EXTernal Stimuli, as widely Utilized 1n liquid-crystal displays. Analogous phenomena 1n electronic systems,

nematic electron liquids, where conduction electrons exhibit orientational ordering, have been

revealed-\cite{nematicelectron1998,Fradkin2010}. Here, orientational properties are also highly

controllable, and ohservations of such tunability have played fundamental roles to clarify driving
mechanisms~\cite{Fisher2012, Fernandesz014}.

%\textbf{[Intro: Nematic SC1}
A more exotic form of nematicity --- nematic superconductivity \cite{Fu2014} --- characterized by the

unusual rotational-symmetry breaking in the superconducting (SC) gap amplitude, has been discovered in
\abs~(\textit{A} = Cu, Sr, Nb)~\cite{Matano2016.NaturePhys.12.852,Yonezawa?017.NaturePhys.13.123,Pan2016.Sc
iRep. 6.28632,Aszbal017. PhysRevX.7. 011009}, Although this phenomenon is rapidly gaining consensus in the
community, fundamental issues remain unresolved~\cite{Yonezawa2019.CondensMatter.4.2}. Control of nematic
superconductivity by an external symmetry-breaking field, e.g. uniaxial strain, leads to unambiguous
demonstration of direct coupling between the nematicity and symmetry-breaking field, and thus provides
important bases toward clarification of the issues. However, there are no experimental reports on such

control of nematic superconductivity.

%\textbf{[Summary of this Letter]}
In this Letter, we report the first control of nematic superconductivity in ‘sbs, wia the in-situ

application of external uniaxial strain along the $a$ axis. We reversibly controlled the nematic SC domain

structure, the primary topological defect, giving the experimental determination of the coupling-constant
sign between the nematic superconductivity and uniaxial distortion.

%\textbf{[Intro: more explanation on doped \BS]}

Our target materials family \abs~is derived from the topological insulater

\BS~\cite{Xia2009. NaturePhys.5.398,Hsich2009. Nature.460.1101}, which has a trigonal crystalline symmetry
with three equivalent crystalline $a§ axes in the basal plane (Fig.~1la)\cite{Lind2003}. Because the
superconductivity induced by SAS ion
doping\citefHor2010.PhysRevLett.104.057001, Shruti2015. PhysRevE. 92.020506,Q7u2015 . arXiv:1512. 03519. Ful1}
occurs in its topologically non-trivial bands'\citefwray2010.NaturePhys.6.855,

Lahoud2013. PhysRevB. 88.195107}, the resultant superconductivity can alsa be topologically non-trivial.
Indeed, topological SC states have been proposed, including a pair of nematic SC states \Dx~and \Dy,
belonging to the two-dimensional SE_u§

representation\cite{Fu2010. PhysRevLett.105.097001, Sasaki2011. PhysRevLett. 107. 217001, Fuz014, Sato2017 . RepProg
Phys.80.076501}. The SC gap amplitude of the \Dx~and \Dy~states are two-fold anisotropic and their maximum
amplitude is located alang the $a$ and $aA=§ axes, respectively. Following the initial observations of SC
nematicity~\cite{Matano2016. NaturePhys.12.852, Yonezawa?017.NaturePhys.13.123, Pan2016.5ciRep.6.28632,
Aszba2017.PhysRevX.7.011009}, more recent experiments showed that the principle axis of the two-fold

behavior is aligned either to the $a§ or $aA*$ axis depending on the measured
sample~\cite{Du2017.5ciChinaPhysMechAstron.60.037411}. This fact suggests that the \Dx\ and \Dy\ states are
nearly degenerate, but is eventually chosen by a certain pre-existing symmetry breaking field such as
structural distortion. If the pre-existing symmetry breaking field is sufficiently weak, the application of

jaxial strain may be able to tune the nematicity.

%\textbf{[Intro: pairing mechanism of doped \BSI}
Another important issue is the pairing mechanism in \abs. This material is quite exceptional in the sense

that it exhibits highly unconventional superconductivity without any proximity to magnetic or electric
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Nematic states are characterized by rotational-sy try breaking without tr

or-

dering, accompanying high controllability of the order parameter . Recently, nematic su-

perconductivity, with I rotational- ¥b

g in the superconducting gap am-
plitude, was discovered > '", However, fundamental issues such as the Cooper-pair glue or the
mechanism determining the nematic director, remain unresolved. Finding strong coupling
between the nematic superconductivity and an external symmetry breaking field, through

experimental demonstration of high controllability, will provide important bases towards

clarification of such issues. Here we show the first report on the control of nematic super- v
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