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S1. The quantitative relationship between the shifts of these lines and the applied strains 

S1.1. x-axis strain 

As shown in Fig.S1, when the crystal has an x-axis strain ∆ ⁄ , the coordinate of the reciprocal 

lattice points ,  become ( [6( + ∆ )] ,  −(6 ) , −(2 ) ), G (  [6( + ∆ )] , (6 )   , −(2 ) ), and ,  become (−7/[6( + ∆ )], −(2 ) , −(2 ) ), G ( −7/[6( +∆ )], (2 )   , −(2 ) ) respectively. To satisfy the Bragg condition again, the incident vector must 

rotate ∆θ along the normal of the primary diffraction plane, namely the new center of the Ewald sphere 

become C ( − cos( + ∆ ∥)⁄ , 0 , − sin( + ∆ ∥)⁄ ), such that the conditions | | = 1⁄  or | | = 1⁄   or | | = 1⁄   or | | = 1⁄  will be fulfilled.  

First of all, with | | = 1⁄  or | | = 1⁄  , one can get an equation below: 

( ⁄ ) + + + ∆ ∥( ⁄ ) − ∆ ∥ = 0                                  (S-1) 

Because the ∆ ∥ and Δ ⁄  are both small quantities, one can use 1 (1 + Δ ⁄ )⁄ = 1 − 2 Δ ⁄ , 1 (1 + Δ ⁄ )⁄ = 1 − Δ ⁄ , cos ∆ ∥ = 1 and sin ∆ ∥ = ∆ ∥ to simplify the equation (S-1) as below: 

− ⁄ + + ∆ ∥ − ∆ ∥ ⁄ − ∆ ∥ = 0                      (S-2) 

Then, by taking the Bragg equation of 006 plane λ = 2d sin  and the geometry relationship =ℎ/[ − (ℎ + + )/6] = 6/7 into account and omitting the high order item with a product of  ∆ ∥ 

with Δ , the relationship between the shifts of the two inclined lines and the applied x-axis strain ∆ ⁄  can be written as: ∆ ⁄ = −3∆ ∥                                                            (S-3) 

 

Figure S1 Si (000)/(006)/(113)/(113)/(733)/(733)/(802)/(804) eight-beam diffraction geometry in 

reciprocal space. O is the origin of the reciprocal space and C is the center of the Ewald sphere. G2, G3, 

G4, and G5 are the reciprocal lattice points of the planes (113), (113), (733), and (733) respectively. 

Similarly, with | | = 1⁄  or | | = 1⁄  , we can get the relationship between the shifts of 

another two inclined lines and the applied x-axis strain ∆ ⁄  as follows: 
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∆ ⁄ = ∆ ∥                                                            (S-4) 

S1.2. y-axis strain 

Similarly, when the crystal has a y-axis strain ∆ ⁄ , the coordinate of the reciprocal lattice points ,  become ( (6 ) , − 6 + ∆ , −(2 ) ), G ( (6 ) , 6 + ∆   , −(2 ) ), 

and ,  become ( −7/(6 ) ,  − 2( + ∆ ) , −(2 ) ), G (  −7/(6 ),  2( +∆ )   , −(2 ) ) respectively. To satisfy the Bragg condition again, the incident vector must rotate ∆θ along the normal of the primary diffraction plane, namely the new center of the Ewald sphere 

become C ( − cos( + ∆ ∥)⁄ , 0 , − sin( + ∆ ∥)⁄ ), such that the conditions | | = 1⁄  or | | = 1⁄   or | | = 1⁄   or | | = 1⁄  will be fulfilled. With the conditions | | = 1⁄  

or | | = 1⁄ , we can get the relationship between the shifts of the two inclined lines and the applied 

y-axis strain ∆ ⁄  as follows: ∆ ⁄ = − ∆ ∥                                                            (S-5) 

Similarly, with the conditions | | = 1⁄  or | | = 1⁄ , we can also get the relationship 

between the shifts of another two inclined lines and the applied y-axis strain ∆ ⁄  as follows: ∆ ⁄ = ∆ ∥                                                            (S-6) 

S1.3. z-axis strain 

For the condition that the z-axis strains have been added, we can get the relationship between the 

shift of the vertical line and the applied z-axis strain ∆ ⁄  as follows: ∆ ⁄ = − ∆                                                             (S-7) 

Here, equation (S-7) is the differential form of the out-of-plane Bragg equation. 
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Figure S2 The phase angle of the x, y, z-axis components of the magnetic field for the two detoured 

diffraction beams 000 → 733 → 006 and 000 → 733 → 006. (a)-(c) for σ polarized incidence; (d)-(f) 

for pi polarized incidence. The x, z components represent the σ  polarized components and the y 

component stands for the π polarized components of the 006 diffraction wave. 

 

Table S1 The energy and index list of all the multiple-beam diffraction geometry for the 006 beam 

at the energy range of 2-15 keV. 

Energy (keV) Indexes of multiple-beam diffraction geometry Number of beams 

6.84867 (000)(006)(222)(224)(222)(224) 6 

6.85923 (000)(006)(313)(313) 4 

6.94314 (000)(006)(133)(133) 4 

7.10799 (000)(006)(311)(315)(311)(315) 6 

7.21913 (000)(006)(402)(404)(200)(206)(202)(204) 8 

7.65705 (000)(006)(422)(424)(422)(424)(333)(333)(111)(115)(111)(115) 12 

7.87183 (000)(006)(513)(513) 4 

8.23108 (000)(006)(406)(226)(226)(400)(220)(220) 8 

8.35987 (000)(006)(511)(515)(511)(515) 6 

8.44807 (000)(006)(331)(335)(331)(335) 6 
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8.67632 (000)(006)(602)(604) 4 

8.91497 (000)(006)(131)(135)(131)(135)(533)(533)(420)(420)(426)(426) 12 

9.16321 (000)(006)(622)(624)(622)(624) 6 

9.42028 (000)(006)(311)(311)(317)(317) 6 

9.52543 (000)(006)(531)(531)(535)(535) 6 

9.57087 (000)(006)(713)(713) 4 

9.68548 (000)(006)(600)(606)(442)(444)(442)(444)(242)(244)(242)(244) 12 

10.03736 (000)(006)(711)(715)(711)(715) 6 

10.18128 (000)(006)(511)(517)(511)(517) 6 

10.23772 (000)(006)(626)(626)(620)(620) 6 

10.5236 (000)(006)(802)(804)(733)(733)(113)(113) 8 

10.81532 (000)(006)(642)(644)(642)(644) 6 

10.96322 (000)(006)(822)(824)(822)(824) 6 

11.02701 (000)(006)(731)(735)(731)(735) 6 

11.41445 (000)(006)(800)(440)(440)(806)(446)(402)(408)(446) 10 

11.51617 (000)(006)(913)(913) 4 

11.54532 (000)(006)(711)(717)(711)(717) 6 

11.59789 (000)(006)(553)(531)(537)(531)(537)(553) 8 

11.72106 (000)(006)(331)(337)(331)(337)(353)(353) 8 

11.87597 (000)(006)(826)(826)(820)(820) 6 

11.92783 (000)(006)(911)(915)(911)(915) 6 

12.03189 (000)(006)(640)(646)(640)(646)(602)(608) 8 

12.34662 (000)(006)(933)(933)(842)(844)(842)(844)(551)(555)(551)(555) 

(422)(428)(422)(428)(111)(117)(111)(117) 

20 

12.53721 (000)(006)(1002)(1004) 4 

12.61927 (000)(006)(737)(737)(753)(731)(731)(753) 8 

12.66496 (000)(006)(622)(628)(622)(628) 6 

12.77182 (000)(006)(931)(935)(931)(935) 6 

12.92205 (000)(006)(1022)(1024)(1022)(1024) 6 

12.98664 (000)(006)(351)(351)(355)(355) 6 

13.17187 (000)(006)(751)(755)(751)(755) 6 

13.20283 (000)(006)(911)(917)(911)(917) 6 

13.31142 (000)(006)(1000)(1006)(840)(846)(802)(808)(840)(846) 

(240)(202)(240)(246)(208)(246) 

16 

13.70495 (000)(006)(1020)(1026)(1020)(1026) 6 

13.80394 (000)(006)(822)(828)(822)(828) 6 

13.90316 (000)(006)(513)(519)(513)(519) 6 

13.96943 (000)(006)(662)(664)(662)(664) 6 
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14.08011 (000)(006)(931)(931)(953)(937)(937)(953) 8 

14.10228 (000)(006)(1042)(1044)(1042)(1044) 6 

14.30227 (000)(006)(719)(719)(713)(713)(462)(464)(462)(464) 10 

14.52546 (000)(006)(951)(955)(951)(955) 6 

14.63742 (000)(006)(642)(648)(642)(648) 6 

14.70472 (000)(006)(551)(557)(551)(557) 6 

14.80582 (000)(006)(862)(864)(862)(864) 6 

14.87816 (000)(006)(751)(757)(751)(757) 6 

14.90712 (000)(006)(1040)(1046)(1002)(1008)(1040)(1046) 8 

 

Table S2 The energy and index list of all the multiple-beam diffraction geometry for the 002 beam 

at the energy range of 2-15 keV. 

Energy (keV) Indexes of multiple-beam diffraction geometry Number of beams 

2.55235 (000)(002)(111)(111) 4 

3.22849 (000)(002)(200)(202) 4 

4.11554 (000)(002)(311)(311) 4 

5.1047 (000)(002)(400)(402)(220)(222)(220)(222) 8 

5.44767 (000)(002)(311)(313)(311)(313) 6 

6.14687 (000)(002)(511)(511)(420)(422)(420)(422)(111)(113)(111)(113) 12 

6.85923 (000)(002)(331)(331) 4 

7.00293 (000)(002)(511)(513)(511)(513) 6 

7.21913 (000)(002)(600)(602)(402)(404)(202)(204) 8 

7.87183 (000)(002)(531)(531) 4 

7.94469 (000)(002)(620)(622)(620)(622) 6 

8.30985 (000)(002)(711)(711)(422)(424)(422)(424)(331)(333)(331)(333) 12 

8.67632 (000)(002)(602)(604) 4 

8.74976 (000)(002)(531)(533)(531)(533) 6 

8.9388 (000)(002)(711)(713)(711)(713) 6 

9.4126 (000)(002)(800)(802)(622)(624)(622)(624)(440)(442) (-440)(442)(222)(224)(222)(224) 

16 

9.57087 (000)(002)(731)(731) 4 

9.63423 (000)(002)(513)(515)(513)(515) 6 

9.78215 (000)(002)(313)(315)(313)(315) 6 

9.96724 (000)(002)(820)(822)(820)(822) 6 

10.15252 (000)(002)(640)(642)(640)(642) 6 

10.20549 (000)(002)(731)(733)(731)(733) 6 

10.5236 (000)(002)(911)(911)(802)(804)(131)(131) 8 
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10.8422 (000)(002)(713)(715)(713)(715) 6 

11.01938 (000)(002)(911)(913)(911)(913) 6 

11.08143 (000)(002)(822)(824)(822)(824) 6 

11.41673 (000)(002)(551)(533)(535)(533)(535)(551) 8 

11.51617 (000)(002)(931)(931) 4 

11.6405 (000)(002)(1000)(1002)(840)(842)(840)(842) (642)(644)(604)(606)(642)(644)(442)(444) 

(404)(406)(442)(444)(240)(242)(240)(242) 

24 

12.01383 (000)(002)(931)(933)(931)(933) 6 

12.08855 (000)(002)(1020)(1022)(1020)(1022) 6 

12.12057 (000)(002)(751)(733)(735)(733)(735)(751) 8 

12.3128 (000)(002)(551)(553)(551)(553) 6 

12.38759 (000)(002)(624)(626)(624)(626) 6 

12.51226 (000)(002)(913)(915)(913)(915) 6 

12.53721 (000)(002)(1002)(1004) 4 

12.76174 (000)(002)(842)(844)(804)(806)(842)(844) 751 753 (751)(753)(424)(426)(424)(426) 

(351)(333)(335)(333)(335)(351) 

22 

12.98642 (000)(002)(1022)(1024)(1022)(1024) 6 

13.32365 (000)(002)(824)(826)(824)(826) 6 

13.43612 (000)(002)(1040)(1042)(1040)(1042) 6 

13.51112 (000)(002)(951)(933)(935)(933)(935)(951) 8 

13.88628 (000)(002)(660)(662)(660)(662) 6 

14.0114 (000)(002)(951)(953)(951)(953) 6 

14.04715 (000)(002)(715)(717)(715)(717) 6 

14.11151 (000)(002)(515)(517)(515)(517) 6 

14.26172 (000)(002)(351)(353)(351)(353) 6 

14.33684 (000)(002)(1042)(1044)(1004)(1006)(1042)(1044) 8 

14.44954 (000)(002)(860)(862)(860)(862) 6 

14.63742 (000)(002)(644)(646)(644)(646) 6 

14.69112 (000)(002)(753)(755)(753)(755) 6 

14.78777 (000)(002)(1024)(1026)(1024)(1026) 6 

 


