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Particle production from Schwinger mechanism

The Schwinger 
mechanism 

represents the 
probability of 

observing a particle 
with transverse 
momentum    

produced by the 
fragmentation of 

strings with tension  
 that may fluctuates.
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String tension fluctuations
ALICE Collaboration

dN
dp2

T
∼ exp −pT

2π
⟨x2⟩

Thermal distribution

It is motivated by phenomena 
raising the high  particle 

production, such as hard gluon 
emission from strings

pT

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

q-Gaussian string tension fluctuations

P(x) ∼ (1 +
(q − 1)x2

2σ2 )
1

1 − q

Heavy tailed!

pp → X

AL
IC

E

STAR



(a) (b) (c)

fit
/d

at
a

1 10
0.0

0.5
1.0

1.5
2.0

1 10

7−10

6−10

5−10

4−10

3−10

2−10

1−10

1

10

210

310

410

) 1−
 (G

eV
T

dN
/d

p

 = 900 GeVs

 = 2.76 TeVs

 = 5.02 TeVs

min bias pp

1 10
 (GeV)

T
p

0.0

0.5
1.0

1.5
2.0

1 10

7−10

6−10

5−10

4−10

3−10

2−10

1−10

1

10

210

310

410

 = 5.02 TeV SPD X's
 = 13 TeV SPD X's
 = 5.02 TeV V0 Xs
 = 13 TeV V0 Xs

pp low mult

1 10
0.0

0.5
1.0

1.5
2.0

1 10

7−10

6−10

5−10

4−10

3−10

2−10

1−10

1

10

210

310

410

 = 2.76 TeV 70-80%sPbPb 

 = 5.02 TeV 70-80%sPbPb 

 = 5.44 TeV 70-80%sXeXe 

peripheral AA

5 J.E. Ramírez, et al, Eur. Phys. J. A 59, 250 (2023).   Alice Collaboration Phys. Lett. B 845, 138110 (2023).  D. Rosales, et al, EPJ C 85:760 (2025).    

Nonextensive  -spectrum descriptionpT
Tricomi function
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with  scale pT

 marks the departure of the thermal 
distribution and describes the  

-spectrum tail

q
pT

1 < q < 3/2
Higher values of  implies higher 

effective temperature 
qTU = σ

Γ ( 1
q − 1 − 1

2 )
2π(q − 1)Γ ( 1

q − 1 )
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Nonextensive  -spectrum descriptionpT

This is a mean field model type, where 
the production of high  particles is 

incorporated as the observation of rare 
events produced by the enhancement 
of having strings with higher tensions

pT

The production of high  particles 
requieres that the system departs 

from the thermal behavior

pT
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Temperature fluctuations
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The string fragmentation is the 
baseline for the charge particle 

production 

𝒯th(T ) = δ(T − Tth)

Nonextensive Thermal dist.
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Softened hadron production: 
Particles acquiring their 

transverse momentum through 
processes beyond string 

fragmentation, enhancing the 
-spectrum at intermediate values

pT

Central heavy ion collisions

J R Alvarado García, D. Rosales Herrera, et al, J. Phys. G: Nucl. Part. Phys. 50 125105 (2023)      Alice Collaboration Phys. Lett. B 845, 138110 (2023).
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Data-driven analysis at intermediate  valuespT

The softened hadron produced in all the analyzed colliding systems collapse, 
following

Ydata − Ysf = athpT exp(−pT /tth) D. Rosales, et al, EPJ C 85:760 (2025).    
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Data-driven analysis at intermediate  valuespT

This does not imply that the production of softened hadrons comes from thermal 
processes, but these particles redistribute their transverse momentum in this form



1 10

7−10

5−10

3−10

1−10

110

) 1−
 (G

eV
T

 d
N

/d
p

(a)
  min bias pp

pp 13 TeV

pp 7 TeV

pp 2.76 TeV

1 10
0.5
1.0
1.5

   
 fit/datafit/datafit/data

1 10
0.0

 
0.4

 
0.8

 

   

softened/totalsoftened/totalsoftened/total

1 10

(b)
        pp low mult

pp 13 TeV V0 IX

pp 5.02 TeV V0 IX

pp 5.02 TeV SPD X'

1 10

fit/datafit/datafit/data

1 10

softened/totalsoftened/totalsoftened/total

1 10

(c)
      pp high mult

pp 13 TeV SPD I'

pp 5.02 TeV SPD II'

pp 13 TeV V0 I

1 10

fit/datafit/datafit/data

1 10

softened/totalsoftened/totalsoftened/total

1 10

7−10

5−10

3−10

1−10

110

) 1−
 (G

eV
T

 d
N

/d
p

(d)
 min bias AA

XeXe 5.44 TeV

PbPb 5.02 TeV

PbPb 2.76 TeV

1 10
0.5
1.0
1.5

   
 fit/datafit/datafit/data

010 110
 (GeV) 

T
  p

0.0
 

0.4
 

0.8
 

   

softened/totalsoftened/totalsoftened/total

1 10

(e)
    peripheral AA

XeXe 5.44 TeV 50-60%

PbPb 5.02 TeV 60-70%

PbPb 2.76 TeV 70-80%

1 10

fit/datafit/datafit/data

010 110
 (GeV) 

T
  p

softened/totalsoftened/totalsoftened/total

1 10

(f)
         central AA

PbPb 5.02 TeV 0-5%

XeXe 5.44 TeV 0-5%

PbPb 2.76 TeV 0-5%

1 10

fit/datafit/datafit/data

010 110
 (GeV) 

T
  p

softened/totalsoftened/totalsoftened/total

10

Two contributions to the  - spectrumpT

 D. Rosales, et al, EPJ C 85:760 (2025).  

 Alice Collaboration Phys. Lett. B 845, 138110 (2023).  String Fragmentation Contribution  

Total fit
Softened Hadron Contribution

T−1
eff =

1
A*U + Ath ( A*U
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Ath

Tth ) A*U =
AU π
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to the complete  - spectrumpT

dN
dp2

T
= AUU ( 1

q − 1
−

1
2

,
1
2

, πp2
T

q − 1
2σ2 ) + Ath exp(−pT /Tth)

 scale 
associated with 

the softened 
hadrons 

pT



11

Physical meaning

D. Rosales, et al, EPJ C 85:760 (2025).    
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Suppression of high  
particles at the most 
central AA collisions

pT
Lower q values mean lower 

probability of producing high  
hadrons
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in backup 
slides)
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En =
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0
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Te−pT /TthdpT
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Weighted 
contribution of 

softened hadron’s 
to the  -spectrum pT
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contribution of 

softened hadron’s 
to charged particles 

produced Nch

n = 0

ENch
E⟨pT⟩

Softened hadron’s contributions

Weighted 
contribution of 

softened hadron’s 
to mean pT

 D. Rosales, et al, EPJ C 85:760 (2025).  

 means that all the particle production comes from the 
fragmentation of color strings. 

En = 0
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Scaling laws

 D. Rosales, et al, EPJ C 85:760 (2025).  

E dN
dp2

T

∝ (μ⟨pT⟩)β3

β4 = 0.08(1)

E⟨pT⟩

⟨pT⟩
∝ μβ5 + e−2/μ − 1

β5 = 0.20(1)

Softened 
hadron 

production 
increases 

with μ⟨pT⟩

Universal 
scaling law for 
pp, pPb y AA 

collisions

ENch
∝ μβ4

1 particle per 
50 events

30% of softened 
hadrons

Highest multiplicity pp 
collisions have 

comparable values with 
peripheral AA collision

β3 = 0.43(1)



Conclusions

dN
dp2

T
= AUU ( 1

q − 1
−

1
2

,
1
2

, πp2
T

q − 1
2σ2 ) + Ath exp(−pT /Tth)

By considering a nonextensive description through q-Gaussian string 
tension fluctuations

String fragmentation Collective phenomena

The main results are the scaling laws for the contribution of 
the softened hadrons.


From this, we can conclude that the physical mechanisms 
producing the softened hadrons have similar origins for all 

colliding systems.



For more details:
Thank you !

[1] D. Rosales, et al, EPJ C 85:760 
(2025) 
[2] D. Rosales Herrera, et al, Phys. 
Rev. C 110, 015205 (2024)
[3] D. Rosales Herrera, et al, Phys. 
Rev. C 109, 034915 (2024)
[4] J. R. Alvarado García, et al, J. 
Phys. G: Nucl. Part. Phys. 50, 125105 
(2023)
[5] J. E. Ramírez, et al, Eur. Phys. J. A 
59, 250 (2023)



Backup slides



1 10

7−10

5−10

3−10

1−10

110
) 1−

 (G
eV

T
 d

N
/d

p
(a)

  min bias pp

pp 13 TeV

pp 7 TeV

pp 2.76 TeV

1 10
0.5
1.0
1.5

   
 fit/datafit/datafit/data

1 10
0.0

 
0.4

 
0.8

 

   

softened/totalsoftened/totalsoftened/total

1 10

(b)
        pp low mult

pp 13 TeV V0 IX

pp 5.02 TeV V0 IX

pp 5.02 TeV SPD X'

1 10

fit/datafit/datafit/data

1 10

softened/totalsoftened/totalsoftened/total

1 10

(c)
      pp high mult

pp 13 TeV SPD I'

pp 5.02 TeV SPD II'

pp 13 TeV V0 I

1 10

fit/datafit/datafit/data

1 10

softened/totalsoftened/totalsoftened/total

1 10

7−10

5−10

3−10

1−10

110

) 1−
 (G

eV
T

 d
N

/d
p

(d)
 min bias AA

XeXe 5.44 TeV

PbPb 5.02 TeV

PbPb 2.76 TeV

1 10
0.5
1.0
1.5

   
 fit/datafit/datafit/data

010 110
 (GeV) 

T
  p

0.0
 

0.4
 

0.8
 

   

softened/totalsoftened/totalsoftened/total

1 10

(e)
    peripheral AA

XeXe 5.44 TeV 50-60%

PbPb 5.02 TeV 60-70%

PbPb 2.76 TeV 70-80%

1 10

fit/datafit/datafit/data

010 110
 (GeV) 

T
  p

softened/totalsoftened/totalsoftened/total

1 10

(f)
         central AA

PbPb 5.02 TeV 0-5%

XeXe 5.44 TeV 0-5%

PbPb 2.76 TeV 0-5%

1 10

fit/datafit/datafit/data

010 110
 (GeV) 

T
  p

softened/totalsoftened/totalsoftened/total

 D
. R

os
al

es
, e

t a
l, 

EP
J 

C
 8

5:
76

0 
(2

02
5)

.  

17

Two contributions to the  - spectrumpT
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Dissimilarities between small and large systems

 D. Rosales, et al, EPJ C 85:760 (2025).  

Teff ∝ μβ2/⟨pT⟩
β2 = 0.270(9)

Small systems
Teff ∼ (μ⟨pT⟩)β1

β1 = 0.043(2)

Large systems

Saturation 
300 GeV


