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this talk is about
● Bose-Einstein femtoscopy with direct photons 
● …emitted from nucleus-nucleus collisions
● …at GANIL, SPS, RHIC, LHC
● …abscissa of the correlation function

this talk is NOT about
● HBT with stellar photons in astronomy
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outline

● existing approaches

● problem with C(Qinv)

● solution: C(ΔE,Qinv)

● how to fit



published 
correlation 
functions
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theory   and   experiment

theory uses C(qout,qside,qlong)

experiment uses C(Qinv) 

out = parallel to pair pT
long = parallel to beam

in pair c.m.s. and for m1=m2, 
|p2-p1| = 2 |p1| =  Qinv 
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theory    and    experiment
Bass, Muller, Srivastava WA98 at SPS

https://doi.org/10.1103/PhysRevLett.93.162301
https://doi.org/10.1103/PhysRevLett.93.022301


problem with 
C(Qinv)
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problem with C(Qinv) when m1= m2= 0

Qinv is not sensitive to momentum difference (p2− p1)
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BE peak in C(Qinv) is diluted by pairs with large ΔE!

simple MC simulation with 

and C = 1 + 0.5 exp(-R2 q2)
with R = 6 fm. 
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the higher the temperature and 
the higher the pair momentum, 

the stronger the peak dilution



solution:
C(ΔE,Qinv)
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proposal: use C(ΔE, Qinv)

energy difference

mostly opening angle
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advantages of C(ΔE, Qinv)

● BE peak preserves its full amplitude (unlike in C(Qinv))

● π0 peak stays narrow

● experimental angular resolution → Qinv resolution

● experimental energy resolution → ΔE resolution

● experimental correlated background → structures in Qinv
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C(ΔE, Qinv) - how does it fit into the landscape?

experiment: energies and 
opening angle

parallel and orthogonal to 
pair momentum
K = pair momentum / 2

out,side,long 
standard axes?
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?
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?
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go to longitudinally comoving system LCMS 
defined such that 

then 

?
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in LCMS 



D. Miskowiec, 1-, 2-, and 3-dim photon correlation functions, WPCF 2026, Budapest 19

so                                       is quite similar to

How similar?  
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K = 0.3 GeV/c
K = 0.6 GeV/c
K = 1.2 GeV/c
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in fact,                                  is nearly identical to

assuming

one can fit                                with  



But can one afford 
an additional dimension 
if the statistics is poor?
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costs of an additional dimension?

less counts per bin, so:

● ugly look …but can always be projected

● poor fit …but only with naive least-squares fit!



how to fit
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how not to fit
500 counts randomly 
distributed over 50 bins

least-squares fit in root
hi->Fit("pol0")
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500 counts randomly 
distributed over 50 bins

likelihood fit in root
hi->Fit("pol0","l")

how to fit
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50 counts randomly 
distributed over 50 bins

likelihood fit in root
hi->Fit("pol0","l")

empty bins properly 
taken into account

how to fit
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● Poissonian error
● taken from the fit, not from the data

this deals properly even with empty bins. 

Applied to correlation function bins Ci = ni / Ni: DM,  Nucl. Phys. A 
610 (1996) 227C

how to fit

https://doi.org/10.1016/S0375-9474(96)00357-0
https://doi.org/10.1016/S0375-9474(96)00357-0
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Is it worth to reduce the number of dimensions? No!
10000 counts, Gaussian distribution in x and y, sigma=10

two-dimensional fit                                     one-dimensional fit

identical fit result and uncertainty in 1-dim and 2-dim
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100 counts, Gaussian distribution in x and y, sigma=10

two-dimensional fit                                     one-dimensional fit

identical fit result and uncertainty in 1-dim and 2-dim

Is it worth to reduce the number of dimensions? No!
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Is it worth to reduce the number of dimensions? No!

fitting done properly → 
identical fit result and 
uncertainty in 1-dim and 
2-dim representation



CONCLUSION
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summary for theorists
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three commandments for experimentalists

● always fit properly

● never reduce the number of dimensions because of low statistics

● for photons, use C(ΔE,Qinv) and not C(Qinv) 



BACKUP
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femtoscopy 
structure sensitive to interaction and source size

Gaussian source of identical 
pions, sigma = 1 fm, simulation

correlation function = pair distribution / combinatorics
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in LCMS 
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FAQ

1. This ΔE is the old good q0! yes

2. Following your reasoning, you could use not only 2-dim but 3-dim correlation!   yes

3. Alternative: spherical harmonics?   yes, but why?

4. What are the Jacobian factors of these transformations?    see next two slides

5. How to transform ΔE to LCMS?    good exercise for your student

6. Why is the least-squares fit so wrong: because of Poisson vs Gauss or because of 
estimating the error from the data?   the latter
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Jacobians

B
A

C
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A B C

source

target

mixed
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transforming photons from LAB to LCMS
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when is the fit good and when it is bad

42

it is enough to take the uncertainty from the fit to 
recover the deficiency of the simple least squares fit
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3 counts, Gaussian distribution in x and y, sigma=10

two-dimensional fit                                     one-dimensional fit

identical fit result and uncertainty in 1-dim and 2-dim

Is it worth to reduce the number of dimensions? No!


