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Smoothness and On-Shell Approximations

➢ Start from equal-time Wigner expression (evaluated in PRF; 𝑃 = 𝑝1 + 𝑝2 /2,    
𝑞 = 𝑝1 − 𝑝2 /2)

➢ On-shell approximation: 𝑃𝜇 ≈ 𝑝𝜇 where 𝐏 = 𝐩,  𝑝2 = 𝑚2.

➢ Smoothness approximation: 𝑆 𝐫, 𝐪; 𝑝𝜇 ≈ 𝑆 𝐫, 0; 𝑝𝜇 ≡ 𝑆 𝐫; 𝑝𝜇

➢ Gives standard KP formula

e.g., Wiedemann and Heinz (1999)



On-Shell Corrections

➢ 𝑃0 = 𝑝0 +
𝐪𝟐

2𝑝0
+⋯

➢ 𝑆 𝐫; 𝑃𝜇 = 𝑆 𝐫; 𝑝𝜇 + 𝐪2𝑆′ 𝐫; 𝑝𝜇 +⋯

➢ 𝑆′ has contributions from:

- 𝑃0 → 𝑝0 itself

- Frame transformation from rest frame of P to rest frame of p

- Additional term from kinematics if 𝑚1 ≠ 𝑚2



Smoothness Corrections: Angle-Dependent

➢ 𝑆 𝐫, 𝐤 = 𝑆 𝐫 + 𝑘𝑖𝑆
𝑖 𝐫 + 𝑘𝑖𝑘𝑗𝑆

𝑖𝑗 𝐫 +. . . (notably 𝑆 𝐫 = 𝑆 𝐫, 0 )

➢ 𝜀𝑖… is integral of 𝑆𝑖… normalized with ׬𝑑3𝐫 𝑆 𝐫 = 1.

➢ 𝐾𝑖1𝑖2…𝑖𝑛 = ׬
𝑑3𝐤

2𝜋 3 𝑘𝑖1𝑘𝑖2 ⋯𝑘𝑖𝑛𝐷𝐪 𝐫, 𝐤 (notably 𝐾 = 𝜙 2)



Smoothness Corrections: Angle-Averaged



Smoothness and Isotropy

➢ With smoothness adopted, angle-averaged correlations are described by effective 
spherical sources

➢ Corrections to this only show up at second-order and higher

➢ Can define (simplest possible) anisotropic correction

➢ Other anisotropic corrections (including dominant first-order corrections!) are 
found in more complicated moments, harder to isolate on their own



Blast Wave Model & Results

e.g., Scheibl and Heinz (1999)

See ALICE Collaboration (10 December 2020)



Results Cont.

➢ pp correlations: corrections generally dominated by thermal smoothness 
corrections

➢ Lower temperatures, smaller sources, larger flow velocities increased 
corrections

➢ Anisotropic correction was small (sub-percent for small sources, sub-permil
for pp-like)

➢ For pion mass, on-shell corrections exceeded 1% and anisotropic corrections 
exceeded 0.5% for pp-like sources



First-Order Corrections



Conclusions

➢ Blast wave sources (especially for pp correlations) do not seem to suffer too much 
from smoothness issues

➢ Corrections can be implemented, even at the order-of-magnitude level, for any 
model used

➢ Smoothness plays a much larger role for angle-dependent correlations



Thank you!



Additional Slides



Correlation Results



Anisotropic Correction



Coalescence
➢ Start from equal-time Wigner expression:

➢ No on-shell corrections since there is no asymptotic relative momentum (though 
there is a very small binding energy correction we ignore)

➢ Smoothness expansion:

➢ For Gaussian wavefunction with width b:



Coalescence Results


