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Hanbury-Brown and Twiss 
effect
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HBT effect in accelerator physics
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Bose-Einstein correlation 
(GGLP effect)
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Bose-Einstein correlation 
(GGLP effect)
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The underlying physics 

Ψ 2π =
Ψ a α Ψbβ + Ψbα Ψ aβ

√2

Ψaβ≈eika rβ , ...Ψa α≈eik arα ,

|Ψ 2π|
2 = 1 + cos(δk δ r) , δk =ka−kb ,δr = rα−rβ

R (ka ,kb)≈ 1 + cos(δk δ r)
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R (ka ,kb)≈ 1 + cos(δk δ r)

R (p1 ,p2)=
D(p1 ,p2)

D(p1)D(p2)

( two point source )

( continuous space-time distribution  )

D(p1 ,p2) - two particle probability density 

D(p1),D(p2) - one particle probability density 

Measuring the BEC 
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- chaoticity parameter 

R(p1 ,p2) R(T),

Goldhaber parametrization

T2 = -(p1−p2)
2

R(T) = 1 + λe−T2 rG
2

λ
rG - source distribution size 

R(p1 ,p2)=
D(p1 ,p2)

D(p1)D(p2)
experimental 
observable

Measuring the BEC 
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- normalization parameter 

Goldhaber parametrization

R(T) = 1 + λ e−T2 rG
2

γ
PT - long range correlation 

R(T) = γ (1 + λ e−T2rG
2

)P(T)

P(T) = 1 + δ T2

rG , - free parameters δγ ,λ ,

Measuring the BEC 



12 April, DIS 2016 Gevorg Karyan 10

R (p1 ,p2)=
D(p1 ,p2)

Dr(p1 ,p2)

experimental 
observable

Dr(p1 ,p2)≡D(p1)D(p2)

Dr(p1 ,p2) - two particle probability density reference distribution 

experimental two particle distributions without BECs 

Measuring the BEC 
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R (p1 ,p2)=
D(p1 ,p2)

Dr(p1 ,p2)

experimental 
observable

Dr(p1 ,p2)≡D(p1)D(p2)

Dr(p1 ,p2) - two particle probability density reference distribution 

1. Method of Event Mixing (MEM) 
2. Method of Unlike-Sign pairs (MUS) 

Measuring the BEC 
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Measuring the BEC 

1. Method of Event Mixing (MEM) 

2. Method of Unlike-Sign pairs (MUS) 

violation of energy and momentum conservation   

contribution from resonances excluded in the case of MEM   

PYTHIA-based MC tuned to provide an accurate description   
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Beam :  e-/e+  27.6 GeV

Target : H, D, 3He, 4He, N, Ne, Kr, Xe  pure gaseous

Good momentum resolution :   δ p
p

< 2 %

Excellent particle identification 

Experiment 



12 April, DIS 2016 Gevorg Karyan 14

Data selection 

➢ Q2  > 1 GeV 2

➢ W2 > 10 GeV 2 ➢ 2 GeV < p < 15 GeV

➢ at least two charged hadrons

Black curve – result of fit using the 
Goldhaber parametrization.
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Results 
A. Airapetian et. al, Eur. Phys. J. C 75 (2015) 361 
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Results 
A. Airapetian et. al, Eur. Phys. J. C 75 (2015) 361 
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➢  Bose-Einstein correlation between two like-sign hadrons 
produced in semi-inclusive deep inelastic electron/positron 
scattering off nuclear targets ranging from hydrogen to xenon 
has been measured.

Summary 

➢  The results obtained using the two reference sample 
methods  (i.e MUS and MEM ) are in a good agreement. 

➢ Within the total experimental uncertainties, no dependence 

of the parameters r
G
  and    on the target atomic mass is 

observed. 
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Backup
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Data/MC comparison
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