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Abstract
Problem: The phenomenon of coherent backscattering (CBS) of light is an interference effect observed 
when light propagates in disordered media in the presence of a boundary interface . The common 
theoretical description entails violation of the law of conservation of total energy . [1]
Solution: We analyze in detail the processes at the origin of CBS  as well as their relation to the 
mechanism that gives rise to the effect of weak localization . In the frame of a full description treating 
jointly these effects, we provide an explanation of the mechanism ensuring energy conservation . [2]

Setup

Leading Question

Analysis of different Scattering Scenarios CBS ＆ Weak Localization: Cancelling Mechanism

Extended Propagation restores Energy Conservation 

References

• Propagation of wave 
G in random media

• Description of 
interference effects 
between G, G* on 
disorder average

• System parameters:
- Wavenumber k   
- Mean free path ℓ   

- disorder strength 1/kℓ

The CBS peak

• Distribution received:         
sharp cone centered around 
backscattering angle 𝜗 = 0

• Explanation:                  
Two scattering processes 
survive disorder average: #

#

ladder contribution

crossed contribution

➔ background

➔ CBS peak

Background 
already 
normalized !

Additional 
peak entails 
flux violation ?

⤴⤴
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' : intensity flux 

backscattering angle 𝜗

• Experiment: 
- irradiate with light
- detect backscattered intensity

Normalized

• Influence of one additional scattering event: HB + cc.
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• Positive contribution
• Asymptotic scaling:

• Negative contribution
• Asymptotic scaling:

⤶
⤴

HB is found 
to be a 
higher order 
process !

kℓ = 30

No cancellation: HA + 2HB ≠ 0

�HB (k`) / � ln (k`)

(k`)2

• Weak Localization (WL):                                                                          
Loops (propagation processes 
with equal start and endpoint) 
survive disorder average       
➔ Corrections to propagation 
properties [3]

• Impact of loops in the presence 
of a boundary surface:

Propagation step 
containing a crossed 
loop

Double scattering loop

equally possible: 
"cut loops"

Start point or endpoint located outside: 
New contribution to incoming/ 
outgoing intensity

Start point and endpoint 
located outside: 
contribution to CBS !

Introduce a 
boundary surface

• Idea: Include all 4 "loop steps" into description
• Approximation:                                                 

Loop ≈ anisotropic 2-step process 
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Cutback in background restores flux conservation 

Which are the scattering processes to cancel the crossed contribution (HA)

For the double 
scattering loop:
• r1 ≈ r2 
• Angle ⦠ (r1, r2) obeys 

distribution P(θ) 

Extended 
Propagation 
yields lower 
background 

Idea: treat jointly CBS and WL loops

Uncorrected 
background

Corrected 
background

Double 
scattering 
CBS peak
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HA
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