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This presentation is based on:
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Particle production from Schwinger mechanism

dN
dp2

T
∼ ∫

∞

0
exp (−

πp2
T

x2 ) P(x)dx

Schwinger 
Mechanism

String tension 
fluctuations

The Schwinger 
mechanism represents 

the probability of 
observing a particle 

with transverse 
momentum    

produced by the 
fragmentation of strings 

with tension  .

pT

x2

Schwinger J 1962 Phys. Rev. 128 2425        //                  Bialas A 1999 Phys. Lett. B 466 301

Color string
Transverse plane 
to the collision

Proton or 
heavy ionColor flux tubes

Intensity of the 
interaction
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 -spectrum descriptionspT
Gaussian fluctuations q-Gaussian fluctuations

• Thermal distribution • Hypergeometric Confluent function

P(x) ∼ (1 +
(q − 1)x2

2σ2 )
1

1 − q

P(x) ∼ exp (−x2/2σ2)

dN
dp2

T
∼ exp (

−pT 2π
σ ) dN

dp2
T

∼ U ( 1
q − 1

−
1
2

,
1
2

, πp2
T

q − 1
2σ2 )

J.E. Ramírez, et al, Eur. Phys. J. A 59, 250 (2023)        D. Rosales, et al, Phys. Rev. C 109, 034915 (2024).     Alice Collaboration Phys. Lett. B 845, 138110 (2023).
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STAR Collaboration ALICE Collaboration

D. Rosales Herrera,  et al  2024 Phys. Rev. C, 109(3), 034915

String tension fluctuations

The U functions has an excellent performance 

More strings 
with higher 
tensions

High  particles at 
higher energies

pT
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dN
dp2

T
∝ ( p0

p0 + pT )
m

D. Rosales Herrera,  et al  2024 Phys. Rev. C, 109(3), 034915    //    R. Hagedorn, Riv. Nuovo Cim. 6N10, 1 (1983)

QCD-based Hagedorn function

Is it possible 
to associate 

the string 
fragmentation 
approach to 

the Hagedorn 
function?

Notice error 
propagation
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G. Wilk and Z. Wlodarczyk, Phys. Rev. Lett. 84, 2770 (2000         D. Rosales Herrera, et al, Phys. Rev. C 110, 015205 (2024).
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Gaussian string 
tension fluctuations

= ∫ ( Thermal 
dist.

(( Temperature 
fluctuations

(Hagedorn 
function

dT

Hagedorn function string tension fluctuations 

(
= ∫ ( Temperature 

fluctuations∫ ( (
dxdT(SM

(
(SM

(

= ∫ ∫

((( (

dT dxGaussian string 
tension fluctuations

Temperature 
fluctuations

(Hagedorn function string 
tension fluctuations (= ∫(SM

(

dx

Tth =
σ

2π
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Hagedorn also comes  
from string fragmentation 

( p0

p0 + pT )
m

= ∫
∞

0
exp(−πp2

T /x2)
mpm

0 π
m − 1

2

xm+1
U ( m + 1

2
,

1
2

,
πp2

0

x2 ) dx

Heavy tailed 
distributions play 
an important role 
in the description 

of particle 
production !

D. Rosales Herrera, et al, Phys. Rev. C 110, 
015205 (2024).

Enhance the production of low  particlespT
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Temperature fluctuations 

𝒯U(T ) =
2
T3

Γ ( 1
T2

,
1

q − 1
−

1
2

,
1

4z0 )𝒯th(T ) = δ(T − Tth)

Gaussian fluctuations q-Gaussian fluctuations

D. Rosales Herrera, et al, Phys. Rev. C 110, 015205 (2024).
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Temperature fluctuations 
𝒯U(T ) =

2
T3

Γ ( 1
T2

,
1

q − 1
−

1
2

,
1

4z0 ) 𝒯Hag(T ) =
Γ(1/T, m, p0)

T2

D. Rosales Herrera, et al, Phys. Rev. C 110, 015205 (2024).
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In summary
Heavy tailed distributions 
describing string tension 

fluctuations 

Nonextensive 
particle production

Nonthermal 
description of 

the system 

D. Rosales Herrera, et al, Phys. Rev. C 110, 015205 (2024).
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Backup slide
Higgs boson 
production in the 
combined channels  

, , 
and  (only 
CMS) 

H → γγ H → ZZ *
H → bb̄

Higgs boson is not 
produced through 
soft processes. 
However, we can 
fit with a pT-
exponential up to 
30 GeV


