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« Comments on the protophobic vector explanation

e SUMmary



The ATOMKI anomaly
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XZ and G. A. Miller
Phys.Lett.B 773 (2017) 159-165

[1703.04588]

(Im)possible nuclear physics
explanations

EM multipole interferences and multipole’s form factor

* The theoretical model used is from M. E. Rose [PR 76, 678
(1949)]
* No interference was studied,
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https://arxiv.org/abs/1703.04588
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1*, MIS

1+, MIV

M1;y, Y'17.64 MeV

0+, T=0
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M1; y, 7 18.15 MeV
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EM transitions

Initial state
Initial state angular

Operator rank  total spin momentum
A S L
El 1 1 0
M1 1 1,2 1
E2 2 1,2 1

They interfere!




EFT-based model for j — (Be ‘ /j| Li + p>
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D. Zahnow et.al., Z. Phys. A

On-shell photon production a5, 226 (10501 5.

MainsBridge, Nucl.Phys.

2 21, 1(1960); D.J. Schlueter,
Z IM|” = Ty[1 + @, P(cos0) + a, Py(cosO)] et.al., Nucl.Phys. 58, 254
(1964)
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ete™ production
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In the large M, _ (6O, _), i.e., small q region:
0 and ¢ dependences
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FIG. 4. The Tp,0’s contribution to the differential cross sec-
tion vs. 0, _ and its decomposition at y = 0,0.8 and F = Eo,.

To.0,52 is multiplied by 10 in both plots to increase its visi-
bility.
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Anisotropy

Ti/To0

Ty + Th,c082¢

+ T} o P(cos0) + T, o Py(cos0) + T, , Py(cosB)cos2p + Tj sinfcose + T ;sin20cosp

FIG. 5. The ratios between the other coefficients 75 ; in ex- _
pression (4.1) and Tp0 at y = 0,0.8 and E = E ). Several Relevant for data analysis?!
components are multiplied by 10 or 100 in both plots to in-

crease their visibility. Note 131 = T4 1 = 0 when y = 0. H



Anomaly due to
Interference?
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FIG. 6. The differential cross sections vs M, _ (left) and 6, _
(right) with cos® = 0 and £0.5. “MC” is the experimental
MC simulation [1]. In the M, _ distribution, the last data
point [1] with M, _ above the so-called Q value, i.e., i +
E .y = 18.15 MeV, is not shown here. The normalizations of

our results in two plots are chosen such that the results agree
with data in the lowest M, _ and 6, _ bins. 2



Anomaly due to
M1 form factor?
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FIG. 7. The differential cross sections vs M, _ and 6, _ with
0 = 90°. Again “MC” is the MC simulation. The other curves
are explained in the text.

However, one microscopic calculation shows a much weaker g dependence!

9/6/2021

13



XZ and G. A. Miller
Phys.Lett.B 813 (2021) 136061 [2008.11288]

Comments on the protophobic
vector boson explanation


https://arxiv.org/abs/2008.11288
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Nuclear physics
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E1l: isovector

R. D. Lawson,
Theory of the nuclear shell model

(Oxford University Press,1980)
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M1: mostly isovector

here 3 e 1 1
OK/M N in ZZ\E}]{; Z [(A(l) + Z) o) + §J(¢)] T(i),3 R. D. Lawson,
‘ Theory of the nuclear shell model
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Problem with X

0 (barn)

JE =N +T)m) N Non-res piece
dominate
JE =N (e, —e,THr) N
X (T ) oTu7s) over the res.
3 T(i),3 iece
OE1 — €EEM E;r(i) 9 P ]
Y hre\lje 3 EEM 1 1 %:
O = \ Ir 200 n Z K)‘(l) T Z) T(i) T §J(i)] T(§),3
No X was observed in =
Si On = —¢,02 - : %
Ince El1 — “%YE1 theenergies 1-width ¢
E,RE, OX e O away from the peak!
M1 V™ M1 . _
- disprove X 5
OX ,ELC1X o 2w? + M)Qf O~ E1 Mx =17 3.6 5
o C 2w2-M2) o A
X, MEp%1 Ipm1s X) Ov,M1|pnTS

10~2 —

1073

108 F

\\\\\

’/’MX=1|7 MeV

S~

:MX=17A.5 MeV
106 ¢

S~a
———

-
\5———————1

0.5



To evade the conflict,

= >12.
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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
e Interferences and multipole form factor could NOT explain the anomaly

e For (protophobic vector): significant non-resonant (Bremsstrahlung)
productions besides the resonant production

* This was not observed = disprove the protophobic-X explanation
e The non-resonant productions could be relevant for He-4 system



Now similar anomaly seen in He-5

New evidence supporting the existence of the hypothetic X17 particle
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FIG. 3. Invariant mass distribution derived for the 20.49 MeV
transition in * He.
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