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Abstract: The unparticle effects on plasmon production at the e+ e− collider in SN 1987A are 

investigated. We have calculated the energy loss and the cross-section of this process for different 

values of the scaling parameter dU. By assuming the supernovae cooling rate 𝜀̇ ≤ 7.288×10−27 GeV, 

we find the lower bound on the scale ΛU = 32.849 TeV, 11.655 TeV, 5.084 TeV, 2.770 TeV 

corresponding to dU =1.6,1.7,1.8,1.9 and ΛU = 0.675 TeV, 0.309 TeV, 0.168 TeV, 0.101 TeV 

corresponding to dU = 2.1,2.2,2.3,2.4. 

In addition, we have shown that in the range √𝑠 =1 TeV – 13 TeV the cross-section varies from 

4.663×10−20 barn to 6.206×10−3 barn. So, we hope that the cross-section gives possible experimental 

signatures for unparticle. 
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1. Introduction 
*
 

In particle physics, unparticle physics [1] is a speculative theory that conjectures a form of matter 
that cannot be explained in terms of particle using the Standard Model, because its components are scale 

invariant. As we well know, in certain high-energy or astrophysical environments like supernovae or 

dense plasmas, photons can acquire an effective mass by interacting with the plasma, becoming what 
physicists call plasmon, which behave like massive photons. 
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In refs. [2-4], we have considered the effects of the unparticle on Bhabha scattering, on Axion-like 

particles production in e+e− collisions and plasmon plasmon scattering. 

2. The Energy Loss Rate Per Unit Mass  

 
Figure 1. The Feynman diagram for 𝑒+𝑒− ⟶ γ𝑝γ𝑝 process via unparticle. 

The propagator of a scalar unparticle has the form 
𝑖𝐴𝑑𝑢

2 sin(𝑑𝑢π)
⋅ (−𝑞2 − 𝑖ε)𝑑𝑢−2,                       (1) 

 here                         𝐴𝑑𝑢
=

16π2√π Γ(𝑑𝑢+
1

2
)

(2π)2𝑑𝑢Γ(𝑑𝑢−1)Γ(2𝑑𝑢)
.        (2)

     

We need to note that the vertex of the electron-positron-scalar unparticle is given by [2, 5] 

  𝑖 
λ0

Λ𝑢
𝑑𝑢−1   −  

λ1

Λ𝑢
𝑑𝑢−1  γ5 ,      (3) 

and the vertex of plasmon-plasmon-scalar unparticle is [5] 

          
4𝑖λ3

Λ𝑢
𝑑𝑢

(−𝑝1 ⋅ 𝑝2 ⋅ 𝑔μν + 𝑝1
ν𝑝2

μ) .     (4) 

From (1), (3), (4) we get the amplitude for the process as follows 

𝑖𝑀 = 𝑣̅(𝑘2) ⋅
(𝑖λ1 − λ2γ5)

Λ𝑢
𝑑𝑢−1 ⋅

𝑖𝐴𝑑𝑢

2 sin(𝑑𝑢π)
⋅ (−𝑞2 − 𝑖ε)𝑑𝑢−2 ⋅ 𝑢(𝑘1) ⋅ 

                                          ×
4𝑖λ3

Λ𝑢
𝑑𝑢

⋅ (−𝑝1 ⋅ 𝑝2 ⋅ 𝑔μν + 𝑝1
ν𝑝2

μ) ⋅ εμ
∗ (𝑝1)εν

∗(𝑝2).      (5) 

Therefore, we obtain the total squared amplitude  

|𝑀|2 = |𝑣̅(𝑘2)(𝑖λ1 − λ2γ5)𝑢(𝑘1)|
2 𝐴𝑑𝑢

2

4 sin2(𝑑𝑢π)

16λ3
2

Λ𝑢
4𝑑𝑢−2 ⋅ 𝑥 𝑞2(2𝑑𝑢−4) ⋅ (−𝑝1 ⋅ 𝑝2 ⋅ 𝑔𝜇𝜈  +

                     𝑝1
𝜈𝑝2

𝜇) (−𝑝1 ⋅ 𝑝2 ⋅ 𝑔𝜇′𝜈′
+ 𝑝1

𝜈′
𝑝2

𝜇′

) x 𝜀𝜇
∗(𝑝1)𝜀𝜈

∗(𝑝2)𝜀𝜇′(𝑝1)𝜀𝜈′(𝑝2).                  (6) 

 

By using    ∑ εμ
∗𝑠(𝑝1)εμ′

𝑠 (𝑝1)3
𝑖=1 = −𝑔μμ′ +

𝑝1μ𝑝
1μ′

𝑚𝐴
2 ,         (7) 

we have 

|𝑀|2 =
16𝐴𝑑𝑢

2 λ3
2

sin2(𝑑𝑢π) Λ𝑢
4𝑑𝑢−2

|𝑞2|2𝑑𝑢−4 ⋅ [(λ1
2 − λ2

2)(𝑘2 ⋅ 𝑘1) − (λ1
2 + λ2

2)𝑚𝑒
2] 

×  [2(𝑝1 ⋅ 𝑝2)2 + 𝑚𝐴
4].                                   

(8) 

In the center of mass frame, four-momenta of particles are defined by 
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𝑘1 = (𝐸, 𝑝⃗),  𝑘2 = (𝐸, −𝑝⃗),  𝑝1 = (𝐸, 𝑝′⃗⃗⃗⃗ ), 𝑝2 = (𝐸, −𝑝′⃗⃗⃗⃗ ),     (9)      

and    𝑠 = 𝑞2 = 4𝐸2  ,             (10) 

|𝑝⃗|  =  
√𝑠

2
 √1  −  4

𝑚𝑒
2

𝑠
,    |𝑝′⃗⃗⃗⃗ |  =  

√𝑠

2
 √1  −  4

𝑚𝐴
2

𝑠
.    (11) 

From these, we obtain 

|𝑀|2 =
16𝐴𝑑𝑢

2 λ3
2
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2)

𝑠

2
(1 − 2
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2

𝑠
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2] 

                                    × [2
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4
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2

𝑠
)

2
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The energy loss rate per unit mass of a supernovae at a temperature T is given by 

ε̇ =
𝑇4

512π5ρ𝑆𝑁
∫ 𝑑𝑥1 ∫ 𝑑𝑥2√𝑥1

2 − (
𝑚𝑒

𝑇
)

2∞
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√𝑥2

2 − (
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𝑇
)

2∞
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1
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1
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⋅
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2
−
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2 ⋅ |𝑀|2.                     (13) 

Introducing the dimensionless variables xi=Ei/T (i=1,2) and E=(E1+E2)/2, we can rewrite 
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2
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1
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(𝑒
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2
−
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                          ×  (𝑥1 + 𝑥2)4𝑑𝑈−2 [
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2
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2
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)

2
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4].                               (14) 

In Fig. 2, we have plotted the energy-loss rate 𝜀̇ as a function of the scale ΛU for different values of dU. 

 

Figure 2. The energy-loss rate dε/dt is shown as a function of ΛU. The upper horizontal line corresponds to the 

upper bound of the 𝜀̇  i.e. 𝜀̇ ≲ 7.288×10−27 GeV. 

Below in Table 1 we have given the lower bound on ΛU  for different anomalous dimension dU. 
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Table 1. The lower bound on ΛU (follows from Fig. 2) corresponding to different dU is shown 

dU 𝛬𝑈 (TeV) 

1.6 32.849 

1.7 11.655 

1.8 5.084 

1.9 2.770 

2.1 0.675 

2.2 0.309 

2.3 0.168 

2.4 0.101 

In the past, the authors have found the lower bound on the ΛU is in the range of 1 TeV to 10 TeV 
[6-8] and 1 TeV to 3 TeV [9]. Our results are consistent with the results in refs. [6-9] but more precise. 

3. The Cross-section 

From (12) we get the differential cross-section: 

𝑑𝜎

𝑑Ω
=

1

16𝜋2

√1−
4𝑚𝐴

2

𝑠

√1−
4𝑚𝑒

2

𝑠

⋅
𝐴𝑑𝑢

2 𝜆3
2

sin2(𝑑𝑢𝜋)Λ𝑢
4𝑑𝑢−2 ⋅ 𝑠2𝑑𝑢−5 [(𝜆1

2 − 𝜆2
2)

𝑠

2
(1 − 2

𝑚𝑒
2

𝑠
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4
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2

𝑠
)

2
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4].                                  (15) 

Therefore, the total cross-section is: 

𝜎 =
𝐴𝑑𝑢

2 𝜆3
2 ⋅ 𝑠2𝑑𝑢−5

4𝜋 sin2(𝑑𝑢𝜋) Λ𝑢
4𝑑𝑢−2
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2

𝑠
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4𝑚𝑒

2

𝑠

[(𝜆1
2 − 𝜆2

2)
𝑠

2
(1 −

2𝑚𝑒
2

𝑠
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           × [
𝑠2

2
(1 −

2𝑚𝐴
2

𝑠
)

2

+ 𝑚𝐴
4].                     (16) 

The cross-sections σ dependence on the √𝑠 is shown in Fig. 3 for different values of dU. 

 

Figure 3. Total cross-section due to the unparticle contribution depending on the center of mass energy for du

=1.9;2.1;2.2;2.3 and 2.4. 
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As we can observe from Fig. 3, the σ increases with √𝑠 . 

We now turn to the numerical analysis. In tables 2 and 3, we provide our numerical results for the 

total cross section with: λ3 = λ1 = 1, λ2 = 1/√2, mA = 19 MeV, me = 0.511 MeV, √𝑠 = 1 TeV−13 TeV. In 

table 2, dU = 1.6,1.7,1.8,1.9 and in table 3, dU = 2.1,2.2,2.3,2.4. 

Table 2. The total cross-section of e+e−→ γpγp process via unparticle exchange with λ3 = λ1 =1, λ2 =1/√2,  

mA =19 MeV, me = 0.511 MeV, √𝑠 = 1 TeV−13 TeV and dU =1.6,1.7,1.8,1.9. 

 

Table 3. The total cross-section of e+e−→ γpγp process via unparticle exchange with λ3 = λ1 =1, λ2 =1/√2,  

mA =19 MeV, me = 0.511 MeV, √𝑠 = 1 TeV−13 TeV and dU =2.1,2.2,2.3,2.4. 

√𝑠 

(TeV) 

σ (barn) 

dU =2.1 

ΛU = 0.675 TeV 

dU =2.2 

ΛU = 0.309 TeV 

dU =2.3 

ΛU = 0.168 TeV 

dU =2.4 

ΛU = 0.101 TeV 

1.0 2.910×10−13 6.723×10−12 1.549×10−10 3.587×10−09 

2.0 6.143×10−12 1.873×10−10 5.693×10−09 1.740×10−07 

3.0 3.657×10−11 1.312×10−09 4.689×10−08 1.685×10−06 

4.0 1.297×10−10 5.218×10−09 2.093×10−07 8.438×10−06 

5.0 3.462×10−10 1.523×10−08 6.678×10−07 2.944×10−05 

6.0 7.721×10−10 3.654×10−08 1.723×10−06 8.173×10−05 

7.0 1.521×10−09 7.657×10−08 3.842×10−06 1.938×10−04 

8.0 2.738×10−09 1.454×10−07 7.693×10−06 4.093×10−04 

9.0 4.597×10−09 2.558×10−07 1.419×10−05 7.915×10−04 

10.0 7.309×10−09 4.242×10−07 2.455×10−05 1.428×10−03 

11.0 1.112×10−08 6.703×10−07 4.029×10−05 2.435×10−03 

12.0 1.630×10−08 1.018×10−06 6.335×10−05 3.964×10−03 

13.0 2.318×10−08 1.495×10−06 9.605×10−05 6.206×10−03 

 

From numerical results, we have found that the cross-sections are about 10−20 barn − 10−12 barn with 
dU = 1.6,1.7,1.8,1.9 and about 10−13 barn − 10−3 barn with dU = 2.1,2.2,2.3,2.4. Therefore, the effects of 

unparticle on the cross-sections can be very strong. If the measurement is carried out at √𝑠 = 

1 TeV−13 TeV then the σ for the process e+e−→ γpγp should be detectable. 

√𝑠 

(TeV) 

σ (barn) 

dU =1.6 

ΛU = 32.849 TeV 

dU =1.7 

ΛU = 11.655 TeV 

dU =1.8 

ΛU = 5.084 TeV 

dU =1.9 

ΛU = 2.770 TeV 

1.0 4.663×10−20 1.066×10−18 2.429×10−17 5.562×10−16 

2.0 2.461×10−19 7.423×10−18 2.233×10−16 6.744×10−15 

3.0 6.513×10−19 2.310×10−17 8.171×10−16 2.903×10−14 

4.0 1.299×10−18 5.169×10−17 2.052×10−15 8.178×10−14 

5.0 2.219×10−18 9.656×10−17 4.190×10−15 1.826×10−13 

6.0 3.438×10−18 1.609×10−16 7.509×10−15 3.520×10−13 

7.0 4.977×10−18 2.477×10−16 1.230×10−14 6.131×10−13 

8.0 6.857×10−18 3.600×10−16 1.885×10−14 9.916×10−13 

9.0 9.096×10−18 5.007×10−16 2.748×10−14 1.515×10−12 

10.0 1.171×10−17 6.725×10−16 3.850×10−14 2.214×10−12 

11.0 1.472×10−17 8.782×10−16 5.223×10−14 3.120×10−12 

12.0 1.814×10−17 1.120×10−15 6.900×10−14 4.268×10−12 

13.0 2.199×10−17 1.402×10−15 8.915×10−14 5.694×10−12 
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4. Conclusions 

It is well known that, constraints on dimensionless effective coupling constants (like g) are crucial 

in physics to test fundamental theories (Standard Model, beyond), search for new particles,.... They act 

as powerful discriminators between models, using precision measurements from experiments. So, the 
results of our paper are useful for searching for unparticles. Furthermore, given the large cross section 

of the process in our paper, it is hoped that the signal of the unparticle can be detected. 
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