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1. Motivation
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Analytical reconstruction formula for 
one scattering angle (inverse‐crime simulations)
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2. Definition of the Star Transform
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3. Physical Derivation of Star 
Transform
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, 1, 2, ,
  depend on total attenuation 

   depends on the scattering coefficient 
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Strategy:
a) Exclude  from the equations by considering

    linear combitantions of :
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b) Solve for total attenuation.
c) Using the above result, compute the ray integra
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This last conditions is not critical.
It excludes the possibility of star transforms
in which a ray integral has zero “weight”



4. Local Methods
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Unfortunately, we can not make measurements of 
ray integrals  directly. However, we can formulate
the star transfrom so that the coefficients  and  are 
vectors. Then it is possible to
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 invert the star transform by
the local formula

[Katsevich and Krylov, Inverse Problems , 075008 (2013)]
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What if we allow the coefficients  to be vectors?
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matrix for 3    jk K =c

1 1 2 2 3 3ˆ ˆ ˆHere  are chosen so that 0kσ σ σ σ+ + =u u u
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5. Fourier Methods
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Fix . For each , we obtain a set of linear equations 
(different 's are not mixed)
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6. Analysis of Stability

a)  1 :  Can be easily analyzed

b)  1 :  Main concern. Not so simple but can also be analyzed

c)  1  :   No analytical condition obtained; empirically, we have
                     found that, i

qL

qL
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∼
f all rays closs the same boundary (reflection

                     geometry), there can exist an instability in reconstructions. 
                     However, corresponding artifacts are localized near the
                     the boundaries and are not of major concern.



a) Case 0q =



Bad imaging geometries (Sigma_1=0)



b) Case 
The diagonal matrix  somonates the separable terms
Find the condition under which all elements  of  are 
simultaneously non-zero

n

q
D

d D

→∞

( )  has zeros   at least one of the elements ( )
                                  turns to zero for some  and .
                                  There exists a high-frequency 
                     

nf d q
q n

θ ⇔

             instability







7. Numerical Examples

Phantoms used



CASE 2; K=3, s1=s2=s3=1



CASE 2; K=3, s1=s2=s3=1



CASE 3; K=3, s1=s2=1, s3=‐2



CASE 3a; K=3, s1=s2=1, s3=‐2,NZ=2; effects of regularization for N=1e4



CASE 3b; K=3, s1=s2=1, s3=‐2,NZ=0; effects of regularization for N=1e4



Comparison of  local and Fourier methods (K=3 coefficient matrix)

NOT USED

NOT USED



Comparison of  local and Fourier methods (K=4, geometry of Katsevich and Krylov, first ray
Canceled in the star transform)
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