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1. Many-body tensor representation


• Ewald matrix, sine matrix contain information about interatomic distances, but 
not bond angles or dihedrals.


• MBTR captures such information.


• Identify and encode information about motifs of different size, then group them 
according to their chemical composition.

Global features
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• Steps to construct MBTR


1. Identify structural motifs of  atoms involving specific chemical elements 

(I)   etc. 


(II)  motif for H or He or Fe etc.  motifs for H-M, M-O etc.  motifs: M-O-M, 
O-M-O, M-M-M etc.


2. Map motif to a scalar function .


(I)  Commonly used functions:


(II) , one for H, one of C, … one for each element present


(III) ,  indices suppressed for now.


(IV) .


3.  are ‘broadened’ using a (Gaussian) kernel


(I)  


Motif    ’s

k

k = 1, 2, 3

k = 1 k = 2 k = 3

gZ1,…,Zk
k ( ⃗R 1, … ⃗R k)

gZi
1 ( ⃗R i) = Zi

g2( ⃗R i, ⃗R j) =
1

| ⃗R i − ⃗R j |
Z

g3( ⃗R l, ⃗R m, ⃗R n) = cos(∠( ⃗R l − ⃗R m, ⃗R m − ⃗R n))

g′￼ks

gZ1,…,Zk
k ( ⃗R 1, … ⃗R k) → 𝒟k(x, gZ1,…,Zk

k ( ⃗R 1, … ⃗R k))

→ g′￼ks → 𝒟k
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•  More details of MBTR:


•
.


• .


• ,


• ,  etc.


• Now ’s are the MBTRs


• ,


•
,


• .

g1( ⃗R i) = Zi, g2( ⃗R i, ⃗R j) =
1

| ⃗R i − ⃗R j |

g3( ⃗R l, ⃗R m, ⃗R n) = cos(∠( ⃗R l − ⃗R m, ⃗R m − ⃗R n))

𝒟i
1(x) =

1

σ1 2π
exp(−

(x − g1( ⃗R i))2

2σ2
1

)

𝒟i, j
2 (x) =

1

σ2 2π
exp(−

(x − g2( ⃗R i, ⃗R j))2

2σ2
2

)

fk

f Z1
1 (x) =

Ne

∑
i

wi
1𝒟1(x)δZi,Z1

f Z1,Z2
2 (x) =

Ne

∑
i, j

wi, j
2 𝒟i, j

2 (x)δZi,Z1
δZj,Z2

f Z1,Z2,Z3
3 (x) =

Ne

∑
l,m,n

wl,m,n
2 𝒟i, j

2 (x)δZl,Z1
δZm,Z2

δZn,Z3
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•  MBTR continued:


• Weights


• ,


• ,


• .


• Exponential forms ensure that contributions of motifs of distant atoms are 
damped out.

wi
1 = 1 ∀i

wi,j
2 = e−s2| ⃗R i− ⃗R j|

wl,m,n
3 = e−s3(| ⃗R l− ⃗R m|+| ⃗R m− ⃗R n|+| ⃗R n− ⃗R l|)
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MBTR1 for NaCl

Vary the parameters to see if you can


get the peaks at 11 and 17.

MBTR2 for NaCl with  as

inverse distance

g2

Task 
1. Construct MBTR2 for NaCl with =distance

2. Calculate the interatomic distances by hand


and see if you can understand the peak

locations

g2



• Data from OQMD database


• Max 10 atoms per unit cell


• Max 6 different elements


• 222,215 samples after removing unconverged structures


• KRR model trained to predict  for different feature vectors


• Results:

hform
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Performance of features for  predictionshform
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