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The ATOMKI anomaly
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(Im)possible nuclear physics 
explanations
EM multipole interferences and multipole’s form factor
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• The theoretical model used is from M. E. Rose [PR 76, 678 
(1949)]


• No interference was studied.

XZ and G. A. Miller

Phys.Lett.B 773 (2017) 159-165 
[1703.04588]

https://arxiv.org/abs/1703.04588


Kinematics


𝑀2
+− = 𝜔2 − 𝑞2

      →𝑞 = →𝑝 + + →𝑝 −

 
𝑑𝜎

𝑑cos𝜃 𝑑𝜑 𝑑cos𝜃+−𝑑𝐸+

𝑑𝜎
𝑑cos𝜃 𝑑𝜑 𝑑cos𝜃+−𝑑𝑀+ − 
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EM transitions

          λ       S        L

     E1       1       1        0

     M1       1     1, 2        1

     E2       2     1, 2        1

Operator rank
Initial state 
total spin

Initial state 
angular 
momentum 

They interfere!
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EFT-based model for 𝐽 ≡ ⟨Be 𝐽̂ Li + p⟩
 

 

𝑈𝑀1,1~ −
Γ𝛾(0)Γ(0)𝑋(0)

𝐸 − 𝐸(0) + 𝑖
Γ(0)

2

+
Γ𝛾(1)Γ(1)𝑋(1)

𝐸 − 𝐸(1) + 𝑖
Γ(1)

2

𝑈𝑀1,2~
Γ𝛾(0)Γ(0)(1 − 𝑋(0))

𝐸 − 𝐸(0) + 𝑖
Γ(0)

2

+
Γ𝛾(1)Γ(1)(1 − 𝑋(1))

𝐸 − 𝐸(1) + 𝑖
Γ(1)

2

𝑈𝐸1~𝑑𝐸1(1 − 𝑑′￼𝐸1
𝑝2

Λ2
);     𝑈𝐸2,1~𝑑𝐸2,1;    𝑈𝐸2,2~𝑑𝐸2,2

9/6/2021 7

 𝜸∗

M1

 𝜸∗

E1, E2



On-shell photon production
∑ M

2
≡ 𝑇0[1 + 𝑎1𝑃1(cos𝜃) + 𝑎2𝑃2(cos𝜃)]

D. Zahnow et.al., Z. Phys. A 
351, 229 (1995); B. 
MainsBridge, Nucl.Phys. 
21, 1(1960); D.J. Schlueter, 
et.al., Nucl.Phys. 58, 254 
(1964)

9/6/2021 8



 production𝑒+𝑒−

𝑀4
+−

2 ∑ M
2

≡ 𝑇0,0 + 𝑇0,2cos2𝜑  +  𝑇1,0𝑃1(cos𝜃) + 𝑇2,0𝑃2(cos𝜃)
                      + 𝑇2,2𝑃2(cos𝜃)cos2𝜑 + 𝑇3,1sin𝜃cos𝜑 + 𝑇4,1sin2𝜃cos𝜑

𝑇0,0,𝐸1~ 𝑈𝐸1
2
𝑀2

+− ω2

𝑇0,0,𝑀1~[  𝑈𝑀1,1
2

+ 𝑈𝑀1,2
2
 ] ( 𝑝

𝑀 )
2

𝑀2
+− 𝑞2

𝑇0,0,𝐸2~[  𝑈𝐸2,1
2

+ 𝑈𝐸2,2
2
 ] ( 𝑝

𝑀 )
2

𝑀2
+− ω2𝑞2

θ and φ dependences 
comes from 
interferences between 
different multipoles

In the large  ( ), i.e., small q  region: 𝑀+− Ѳ+−
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𝑦 ≡
𝐸+ − 𝐸−

𝐸+ + 𝐸−

𝑑σ
𝑑cosѲ+−𝑑𝐸+𝑑cosѲ𝑑φ
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Anisotropy
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𝑇0,0 + 𝑇0,2cos2𝜑 
+ 𝑇1,0𝑃1(cos𝜃) + 𝑇2,0𝑃2(cos𝜃) + 𝑇2,2𝑃2(cos𝜃)cos2𝜑 + 𝑇3,1sin𝜃cos𝜑 + 𝑇4,1sin2𝜃cos𝜑

Relevant for data analysis?!

 = - 𝑇0,2 𝑇2,0



Anomaly due to 
interference? 
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Anomaly due to 
M1 form factor? 
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𝑓(𝑀2
+−) = 1 + 𝑓1

𝑀2
+−

(20MeV)2 + 𝑓2
𝑀4

+−

(20MeV)4 + 𝑓3
𝑀6

+−

(20MeV)6

  

ff -3.3 -5.8 18.0

ffv2 -3.3   0 0

However, one microscopic calculation shows a much weaker q dependence!
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Comments on the protophobic 
vector boson explanation
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XZ and G. A. Miller

Phys.Lett.B 813 (2021) 136061 [2008.11288]

https://arxiv.org/abs/2008.11288
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Protophobic vector boson (X)  
explanation

Boost

• J.L. Feng et.al., (2016, 2017): protophobic X (17 MeV) 
in the Be-8 transition


• J.L. Feng et.al., (2020): consistent explanation in both 
Be-8 and He-4 transitions


• Nontrivial part: the required X properties, including  
protophobia, couplings and masses, are consistent 
with existing constraints

But is it 
true?

arXiv: 
1910.10459
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Nuclear physics

• Significant non-resonant 
photon productions 
(Bremsstrahlung)


• At the 2nd res. peak, E1/
M1 ~ 1 
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E1: isovector

R. D. Lawson, 

Theory of the nuclear shell model 
(Oxford University Press,1980) 
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M1: mostly isovector

R. D. Lawson, 

Theory of the nuclear shell model 
(Oxford University Press,1980) 
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Problem with X

Since 
𝜀𝑠 ≈ 𝜀𝑣

No X was observed in 
the energies 1-width 
away from the peak!
! disprove X

Non-res piece 
dominate 
over the res. 
piece
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To evade the conflict,


  . 𝜀𝑠

𝜀𝑣
> 12

There are other multipoles, but they only increase 
the Bremsstrahlung component. 
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Summary

• A model for different EM transitions and interferences is available

• Interferences give nontrivial angular dependences 

• Interferences and multipole form factor could NOT explain the anomaly

• For  (protophobic vector): significant non-resonant (Bremsstrahlung) 

productions besides the resonant production 


• This was not observed ! disprove the protophobic-X explanation 

• The non-resonant productions could be relevant for He-4 system
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Now similar anomaly seen in He-5
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