
CT-less Attenuation Correction 
using Detector-Scattered Photons

BACKGROUND DSAC 
(Detector Scattered Attenuation Correction)

DS-MLAA : A NOVEL Joint Reconstruction Algorithm

Preliminary Results

Why CT-less?

40x Sensitivity
90-95% Less Dose

Normal PET 5-9 mSv

Normal CT for AC 
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2-8 mSv

Diagnostic CT 15-30 mSv

Total Body PET 0.5 - 2.5 mSv

Total Body CT for 
AC (Ultra-Low)

0.05 - 2.0 mSv
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MRI signals lack a direct 
physical relationship 
with photon attenuation.

Challenge with MRI

1. Generalizability
2. Hallucination Artifacts

Challenges with DL-AC

JPET => Plastic Scintillator => Lot of Detector Scatterings

DS-LORs => BCs => where one or both 511 keV photons interacts with one detector 
module and is subsequently registered in another, creating a Detector Scattered - LOR.

Approx 50% of all events recorded, involve photons 
that scattered between detector modules.

Tiwari et al. (2025) 
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Core Idea: While typically discarded as 
noise, these scattered photons traverse the 
patient volume and encode attenuation 
information.

Aim: To utilize these scattered photons for 
”blank-scan-free” attenuation correction to 
create a self-calibrating scanner without 
external hardware.
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DS AC

Forward ModelGeometry & Objective Flowchart & Update Equations
“A valid event requires one direct photon and one scattered photon.”

Objective

Energy 
Dependent 

Scaling Factor

Modified MLEM Update

SPS Update

Effective 
Attenuation 

Length
Geometric 
Sensitivity

Key References
1. Bailey DL. Positron Emission Tomography: 

Basic Sciences. Springer London, 2005.
2. Mehranian A, Zaidi H. Phys Med Biol, 60(3), 

1121-1147, 2015.
3. Mehranian A et al. Med Phys, 43(10), 5534-

5554, 2016.
4. Gong K et al. Phys Med Biol, 63(6), 065011, 

2018.
5. Moskal P et al. NIM A, 764, 317-321, 2014.
6. Niedźwiecki S et al. Acta Phys Pol B, 48(10), 

1567, 2017.
7. Moskal P et al. Nat Commun, 12(1), 1-10, 

2021.
8. Moskal P et al. Nat Commun, 12, 5658, 2021.

Acknowledgements
We acknowledge support from the National 
Science Centre (NCN), Poland (grants 
2021/42/A/ST2/00423, 2021/43/B/ST2/02150, 
2022/47/I/NZ7/03112, 00574), the Ministry of 
Science and Higher Education (MNiSW) 
(IAL/SP/596235/2023, PUB/SP/627733/2025), 
the SciMat and qLife Priority Research Areas 
at Jagiellonian University, the European 
Research Council (ERC Advanced Grant 
POSITRONIUM no. 101199807), PRISMAP 
(Project_1729020993_aniX3), and the PLGrid 
Infrastructure PLG/2024/017688.

The MLAA algorithm alternates 
between updating activity and 
attenuation.

Number of alternating cycles 100

MLEM iterations per cycle 1

Attenuation update iterations per cycle 5

Total Variation regularization (β) 100

SPS step size (α) 0.5

Post-reconstruction Gaussian 
smoothing (σ) 0.8

Crosstalk 
Effect

Joint Reconstruction

Phantom shifted +10 cm 
along the horizontal axis.Position (x,y) @ r μ Label

(15, 15) @ 8 0.08 Soft Tissue

(-15, 15) @ 8 0.10 Water

(-15, -15) @ 8 0.12 Trabecular Bone

(15, -15) @ 8 0.14 Cortical Bone

TOF = True

Multi-region phantom with 
a central point source.

Conclusion & Limitations Future Work
✓ DSAC (Detector Scattered AC) recovers attenuation.
✓ DS-MLAA (Detector Scattered MLAA) works.
✓ Low Statistics & severe cross-talk issue persists.

Star Artifact 
due to
Crosstalk 
Effect

✓ Try DSAC with other possible approaches.
✓ Resolve the crosstalk issues with deep learning.
✓ Expand the approach to 3D LAFOV Total-body JPET.
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